
Veranstalter: 

=tg= Thomas Grohser 

tg@grohser.com 

Sizing SQL Server für eine 

(unbekannte) Auslastung 



@@Version Remark 

SQL 4.21 First SQL Server ever used (1994) 

SQL 6.0 First Log Shipping with failover 

SQL 6.5 First SQL Server Cluster (NT4.0 + Wolfpack) 

SQL 7.0 2+ billion rows / month in a single Table 

SQL 2000  938 days with 100% availability 

SQL 2000 IA64 First SQL Server on Itanium IA64 

SQL 2005 IA64 First OLTP long distance database mirroring 

SQL 2008 IA64 First Replication into mirrored databases 

SQL 2008R2 IA64  First 256 CPUs & >500.000 STMT/sec 

SQL 11 (Denali) /ŀƴΩǘ ǿŀƛǘ ǘƻ ǇǳǎƘ ǘƘŜ ƭƛƳƛǘǎ even further 

select * from =tg= 
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Close Relationship with Microsoft 
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World’s biggest publicly listed online gaming platform 

²ƻǊƭŘΩǎ leading provider of online Sports Betting 

One of the largest Poker networks 

Comprehensive range of Payment Service Providing 

Integrated gaming portal - 22 languages,  

25 core markets 

Gross gaming revenues 2008 (GGR):  

EUR 421 million  

More than 20 million registered customers 

1,500 employees  

bwin builds on the strengths of the web in order  

to tie up responsibility and gaming  

15 million page views and up to 980,000  

users a day 



Agenda 

ÁWorkload (definitions) 

ÁThe Theory 

ÁThe Practical Part 

ÁHow to capture 

ÁHow to make sense of the captured data 

ÁHow to scale  

ÁRemoving bottlenecks till the requirements 

are met 



The Big Question: What do I need? 



Workload 

ÁWhat is workload? 

 

Workload is the sum of all activity on a server 

caused by clients/users, administrators and the 

server itself. 

 

ÁVarious types 
-OLTP (Online Transaction Processing) 

-DSS/DWH/BI  (Decision Support System, Data Ware House) 

-Read Cache 

-Log Server 

-Session State Server 

-and the nightmare: mixed or all of the above 

 

 



OLTP Workload characteristics 

• Many concurrent users 

• Small queries 10-40% write, 60 to 90% read 

• Constant read/write mix 

• Lots of small short transactions on the 

same tables/rows 

 



DSS Workload 

• (relatively short) ETL (Extract, Transform, 

Load) process usually using bulk inserts 

and updates (90 to 100% write) 

• A few users with  

• a “few” complex queries, covering large 

amount of data (99 to 100% read) 

• Almost no concurrency 

 

 

 

 



Other Workloads 

• Read Cache 

ÁOLTP Workload with < 10% write >90% read  

ÁLow concurrency (often only one source changing 

the data) 

• Log Server 

ÁWrite workload >95% mostly inserts 

ÁStore and forget 

• Session State Server 

ÁOLTP Workload with 50% read and 50% write 

operations mostly on LOB’s 
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Maintenance & Disaster Recovery 

Á Backups 
ÁFull 
ÁDifferential 
ÁLog 

Á Index  
ÁDefrag 
ÁRebuild 

Á Archiving 
Á DWH Loads 
Á Rollouts 
Á… 
ÁWhat does your SLA say about all the above 
Á Don’t be surprised if the maintenance workload is 

higher than the operational workload. 
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The Theory 

ÁTwo approaches 

Áa) Academically 

Áb) Practically 

 

ÁWe go with a) 

   Just Kidding 

 of course we go with b) 
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Mathematical Model 

Á Remember Junior High School: 

 

Á      2 Apples cost    $     6 

Á  156 Apples cost    $ ??? 

Á  ----------------------------------- 

Á      1 Apple cost  $     3 

Á  156 Apples cost $ 468  

 

Á For the prices of apples this is a very exact science, 

when it comes to workloads its almost close enough 
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Mathematical Model 

In a pure client/server environment the direct 

interpolation is close enough but in a three or more tier 

world with caching this might not be accurate enough. 

You might have to capture the workload of one user 

first (W1), and then the workload of two users (W2) 

working at the same time 

 

1 User produces workload W1 

2 Users produce workload W2 

 

n Users produce a workload of = W1 + (W2-W1) x (n-1) 
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Capture and Analyze the Workload 

• Setup a trace 

• Run the workload 

• Read the trace results into tables 

• Query how often each type of statement is 

executed and weight the count by the 

number of logical I/O’s created 

• Use the numbers gathered to configure 

SQL Stress 
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SQL stress 

ÁIs a tool to stress SQL Server in a very unique 
way. 

ÁIt simulates as many concurrent users as you 
like  

   (and your client hardware can 
handle). 

 

 

 

 

ÁFree download at: http://www.sqlstress.com 

 



Components Influencing 

Performance 

ÁCPU and Cache 

ÁMemory 

ÁStorage 

ÁNetwork 

ÁArchitecture   

 

ÁThere is more but unless you work on the 

very high end you can ignore them 



CPU & Memory performance 

ÁCPU is rarely the real bottleneck in today's servers 

but its possible. 

 

Á In most cases it’s the performance of the system 

memory that’s the actual bottleneck. 

 

ÁMain cause for 100% CPU utilization are in memory 

table scans where the CPU spent most of the time 

waiting for the data from the memory. 

 

ÁSide Note: In this cases optimizing the queries 

actually helps more than adding additional CPU’s 



The crazy math of scaling I 

       32 > 64 
 

Á32 bit is faster than 64 bit if you do not 

need more then 2 to 4 GB of memory 

 

ÁIf you can utilize more memory 64 bit is 

faster 

 



The crazy math of scaling II 

1x4     2x2 
 

ÁOne Quad core CPU or 2 Dual Core CPU’s ? 

 

ÁAssume same frequency and same cache size 

 

Ą 2 CPU’s give you twice the cache Č faster 

 

(of course 2 quad core CPUs are better than 2 

dual core) 

 



Checklist for CPU Selection 

1. Number of CPU’s required (not cores) 
Á 1 … 2   x64  / (x86 - if you use not 

much memory) 

Á 4 … 8   x64 / (IA64) 

Á 16 … 32  IA64 / (x64) 

Á > 32   IA64 

2. Cache (the more the better) 

3. Memory Interface (the faster, the more - the 
better) 

4. Clock frequency (the faster the better) 

5. Licensing (the more cores the better) 

 



Too few Memory 

ÁSQL Server loves memory (especial the 64 bit 
versions) 

 

ÁIf SQL Server has not enough memory it has to 
go to disk very often and that’s slowing down 
memory a lot 

 

ÁThe absolutely minimum of memory a system 
should have is the size of all index root and 
intermediate pages plus about 8 MB per user. 
If its less almost every query will end up 
touching the disks 

 



Memory  

ÁTo few memory is shown by a low cache hit 

ratio and high disk read activity on the data 

disks 

 

• NUMA  (Local/Remote Memory) 

ÁCPU Affinity 

ÁIO Affinity 

ÁMaxDegreeOfParalellism     1 … OLTP     n …. DSS 

 

 

 

Session Code ς Sizing 
SQL Server for 
(unknown) Workload 



Too much Memory 

Á Is there something like “too much memory”? 

 

Á  Unfortunately Yes 

 

Á Stopping SQL Service can take very, very long (> 256 GB) 

Á  Especially a problem on planned cluster failovers 

 

Á Physical limitations in some systems: 

Á 6 Modules á  1266MHz  or  

Á 12 Modules á  1066MHz  or  

Á 18 Modules á    800MHz 
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Checklist Memory 

1. Have enough memory to handle your 

active working set 

 At least all none leaf pages of all indexes 

(clustered or none) should easily fit into memory  

2. Make sure you utilize all your memory 

busses 

3. Only utilize multiple banks on the same 

bus if you must (if it slows down the 

memory) 

4. Slow Memory is better than no memory 



Disks 

• Data disks 

• Log disk 

 

• IO Subsystems  

ÁSCSI, SAS, FC SCSI, ISCSI, ATA, SATA, SSD 

• Alignment  

ÁWindows 2003 server and before  always manually align disks 

ÁWindows 2008 aligns automatically 

• Cache Settings:  

ÁSQL Server never benefits from read cache 

Á100% write cache for all data and log disks 

 

 

Always separate 



Data disks OLTP Workload 

Á8k random reads define actual performance 

Á8k random writes  
    (done async by lazy writer Ą less 

critical) 

 

ÁSpreading the data across multiple spindles 

increases the performance almost linear if the 

data is distributed evenly 

 

ÁRAID Level  1/0, 1, 5, 6 and 0 



Data disks DSS Workload 

Á 8k random and 64/256/1024k sequential reads 

Á       (read ahead) 

Á SQL Server can handle 250 to 350 MB/sec per CPU core 

for DSS type queries (table and range scans)  

 (I have seen 20GB per second table scan on 64 core 

system) 

 

Ą Typical server disk are the bottleneck 

Ą e.g.: 2 socket = 8 core  

 Ą ~2 GB/sec disk performance required 

   single spindle can read 20 to 50 MB/s  

 Ą 20 to 50 spindles at least 

 



Data disks DSS Workload 

ÁSpreading the data across multiple 

spindles increases the performance almost 

linear if the data is distributed evenly 

 

ÁRAID Level  1/0, 1, 5, 6 and 0 



Storage Selection 

• Separate LOG and DATA 

• Do three calculations 

ÁSpace estimate 

ÁPerformance estimate for workload 

ÁMaintenance workload estimate 

Á  Ą Each will give you a number of 

disks/spindles   

  Unfortunately the largest result is the one you actually need 

• Start making trade offs based on your budget. 

• Don’t let marketing confuse you 
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Log disk  

Á Sector aligned up to 60k sequential writes and  

Á Sector aligned up to 120k sequential reads 

 

Á Multiple files don’t increase performance therefore the most 

important performance indicator is latency 

 

Á LATENCY LATENCY LATENCY, the only thing that count!!! 

 

Á RAID Level :   1    (recommend)  

Á      careful with 1/0 and 0   

  

Á      avoid 5 and 6 

 



Log disk  

Á Storage Systems for Log files 

Á Internal direct connected SSD solutions           50 µS 

Á Internal disk systems with battery backed cache  < 0.25   ms 

Á External disk systems with battery backed cache   < 2        ms 

Á Internal disk systems without cache    

 > 3        ms 

 

Á High volume: one log file per disk better than RAID 1/0 

 

Á Spreading the data across multiple spindles increases the 

performance only if done correct 

Á SAN based storage replication is the killer for log volumes 

 



Disk check list (none SSD) 

1. Separate Data and Log disks 

2. Align partitions (Windows 2003 and 

before) 

3. Separate Log files from different 

databases 

Á Temp DB counts as a database 

4. Add battery backed write cached for log 

disks 

5. Add more spindles for data files 

 



Disk check list (SSD version) 

1. Use PCIe based SSD systems for Log 

2. Separate Data and Log disks 

3. Use SSD disks for Data files 

4. Align partitions (Windows 2003 and 

before) 

5. Separate Log files from different 

databases 

Á Temp DB counts as a database 

 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3: Data 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 

6 Disk 1 + 2 RAID 1 OS + Temp  
Disk 3 + 4 RAID 1 LOG 
Disk 5 + 6 RAID 1 Data 

Disk 1 + 2: RAID 1 Log 
Disk 3 to 6: RAID 1/0 OS + Temp + Data 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 

6 Disk 1 + 2 RAID 1 OS + Temp  
Disk 3 + 4 RAID 1 LOG 
Disk 5 + 6 RAID 1 Data 

Disk 1 + 2: RAID 1 Log 
Disk 3 to 6: RAID 1/0 OS + Temp + Data 

8 Disk 1 + 2 RAID 1 OS  
Disk 3 + 4 RAID 1 Temp  
Disk 5 + 6 RAID 1 LOG 
Disk 7 + 8 RAID 1 Data 

Disk 1 + 2 RAID 1 OS  
Disk 3 + 4 RAID 1 Temp  
Disk 5 + 6 RAID 1 LOG 
Disk 7 + 8 RAID 1 Data 



Number of disks / how to use (OLTP) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 

6 Disk 1 + 2 RAID 1 OS + Temp  
Disk 3 + 4 RAID 1 LOG 
Disk 5 + 6 RAID 1 Data 

Disk 1 + 2: RAID 1 Log 
Disk 3 to 6: RAID 1/0 OS + Temp + Data 

8 Disk 1 + 2 RAID 1 OS  
Disk 3 + 4 RAID 1 Temp  
Disk 5 + 6 RAID 1 LOG 
Disk 7 + 8 RAID 1 Data 

Disk 1 + 2 RAID 1 OS  
Disk 3 + 4 RAID 1 Temp  
Disk 5 + 6 RAID 1 LOG 
Disk 7 + 8 RAID 1 Data 

 > 8 Add Data Disks as RAID 1 Add Disks to Data R1 or 1/0 



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log + Data (if load time is not critical) 



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log + Data (if load time is not critical) 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp + LOG 
Disk 2: Data 
Disk 3: Data 



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log + Data (if load time is not critical) 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp + LOG 
Disk 2: Data 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log + Data (if load time is not critical) 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp + LOG 
Disk 2: Data 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 

6 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 to 6 RAID 6 Data 

Disk 1 + 2: RAID 1 1 OS + Temp + LOG 
Disk 3 to 6: RAID 1/0 Data 



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log + Data (if load time is not critical) 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp + LOG 
Disk 2: Data 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 

6 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 to 6 RAID 6 Data 

Disk 1 + 2: RAID 1 1 OS + Temp + LOG 
Disk 3 to 6: RAID 1/0 Data 

8 Disk 1 + 2 RAID 1 OS + Temp + LOG  
Disk 3 to 8 RAID 6 Data  

Disk 1 + 2 RAID 1 OS + Temp + LOG  
Disk 3 to 8 RAID 1/0 Data  



Number of disks / how to use (DSS) 

(example) 
Disks Availability, Performance Performance, Availability 

1 Not much of a choice Not much of a choice 

2 RAID 1 (Mirror all on one disk) Disk 1: OS + Temp + Data 
Disk 2: Log + Data (if load time is not critical) 

3 Disk 1+ 2 RAID 1 OS + Temp + LOG 
Disk 3: Data 

Disk 1: OS + Temp + LOG 
Disk 2: Data 
Disk 3: Data 

4 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 + 4 RAID 1 Data 

Disk 1: OS + Temp 
Disk 2: Log 
Disk 3 + Disk 4: RAID 0: Data 

6 Disk 1 + 2 RAID 1 OS + Temp + LOG 
Disk 3 to 6 RAID 6 Data 

Disk 1 + 2: RAID 1 1 OS + Temp + LOG 
Disk 3 to 6: RAID 1/0 Data 

8 Disk 1 + 2 RAID 1 OS + Temp + LOG  
Disk 3 to 8 RAID 6 Data  

Disk 1 + 2 RAID 1 OS + Temp + LOG  
Disk 3 to 8 RAID 1/0 Data  

 > 8 Add Data Disks as RAID 6 Add Disks to Data 1/0 



Network 

Á Network Interface Cards (NIC) rarely the bottleneck today 

Á LAN should not be a bottleneck today 

Á WAN can be a bottleneck, careful with mirroring 

Á NIC drivers, complete different story: 

Á  Tip:  use the drivers the manufacturers use with 

benchmarks, low overhead, well tested 

Á Use Multiple NIC’s in a server to offload traffic 

Á Backup 

Á Log backup 

Á Mirroring 

Á NUMA: Multiple NIC’s one per node to partition workload and 

keep queries local 

 

 



Small Systems 

Á1 to 2 CPU sockets 

Á1 to 8 GB memory 

Á1 to 4 disk spindles 

 

ÁTry to separate LOG and DATA files on two different 

spindles, adding spindles will always help. 

-Dependent on Workload, try to do the best 

ÁIncreasing memory will always help 

-Try to keep the working set in memory 

ÁConfigure disk caches correctly  
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Medium Systems 

Á 2 to 4 CPU sockets 

Á 4 to 32 GB memory 

Á 8 to 16 Disk spindles 

 

ÁSeparating DATA and LOG is a must! 

-With multiple databases on the system think about giving the ones 

with more workload private LOG drive 

ÁStart using multiple disk controllers (gives extra cache), make 

sure if the system is NUMA based (AMD, newest Intel Xeon) to 

spread controllers and NIC and memory equally across the 

NUMA nodes 

ÁSAN features and easier management and the ability to share 

many spindles can improve things 
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Large Systems 

Á   4 to   8 CPU sockets 

Á16 to 64 GB memory 

Á16 to 50 Disk spindles 

 

ÁNUMA is a given fact on this systems, make it your friend by 

supporting it. 

ÁDefinitely use multiple disk controllers 

ÁChoose memory careful sometimes adding memory can slow 

down the system. 

ÁThink about using different  types storage systems for your log 

and data 

ÁStart question if of shared storage is not slowing you down  
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Very Large Systems 

Á 16 to 256 CPU sockets 

Á 128 to 2048 GB memory 

Á 100 to 5000+ Disk spindles 

 

Á All bets are off, multiple NUMA nodes are a given, sometimes with even 

2 different remote memory performances,  

Á you need to know any detail of your workload to use servers like this 

efficiently 

Á Different storage systems for log and data and backup are a given. 

Á See what bwin does in my other sessions or talk to me after this one 
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Summary / Takeaways 

ÁDon’t forget to scale all components, its 

not CPU’s alone that define a servers 

performance. 

 

ÁDon’t forget to consider maintenance 

workload and disaster recovery workload 

(both should be specified in a SLA) when 

dimensioning a server. 
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FRAGEN ? 



Hat Ihnen mein Vortrag gefallen? 

Ich freue mich auf Ihr Feedback! 



Wir sehen uns wieder: 

Ábuilding & connecting Know-how 

Á16.-17. Februar 2011 in München 

Á .NET, Visual Studio, SharePoint & more! 

www.VSone.de  

 

ÁTrainings und Events der ppedv 

ÁMehr als 90 verschiedene Trainings 

Áauf Microsoft-Technologien spezialisiert 

Á11 Standorte in D & AT 

ÁMaßgeschneiderte Trainings 

direkt bei Ihnen vor Ort! 

www.ppedv.de  

 

http://www.vsone.de/
http://www.ppedv.de/
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