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ABOUT AMADEUS – The SAS Specialists 
Amadeus Software Limited, formed in 1989, provides Business Intelligence Solutions. We are a SAS 9 Preferred Implementation 
Partner for delivery of SAS projects across all industries. We have earned our outstanding reputation by providing first-class 
solutions, unrivalled technical support and clear, practical training. We achieve this through our commitment to remain at the 
forefront of Business Intelligence technology. Therefore, we provide solutions that meet customer objectives, reinforced by our 
project management Processes structured to provide pragmatic quality assurance which promotes successful delivery. Our full time 
Consultants and Trainers are highly skilled in all aspects of SAS and are SAS certified.  

 

CONSULTANCY 
Our reputation for flexibility and comprehensive project methodologies has resulted in highly 
valued consultancy services. Amadeus Software provides the key experience and skills needed 
to implement new solutions or further develop value from your existing investment in SAS. Our 
certified Consultants provide strategic advice across all industries to develop value from SAS 
Software. We are highly regarded where there is a strong compliance and regulatory focus, such 
as the pharmaceutical, finance and banking sectors. 

 

TRAINING  
Our aim is to provide you with the best quality SAS training where, when and how you choose. 
Our reputation is second to none and we are proud of our long standing customer relationships. 
We provide public training in our state-of-the-art training facility in Witney, Oxfordshire, on-site 
training at client premises and live on-line training. We can tailor courses to specific needs and 
use client data to create an effective learning experience. Amadeus Trainers are also part of our 
project teams to ensure they deliver practical, well-informed tuition backed up by real-life 
examples.  

 

TECHNICAL SERVICES  
We are experts at using SAS Software, turning data into information that is delivered in a timely 
fashion to the right people. Our technical services include: Installing SAS Environments, Data 
Integration, Data Warehousing and Business Intelligence projects. We have also worked with 
numerous clients designing, implementing and supporting bespoke applications and maximising 
the efficiency of their SAS software installations. Our excellent technical support service ensures 
we maintain our first class reputation for quality long after the delivery of projects.  

What Our Customers Say 
"Amadeus were a natural choice to help us with this project. They have substantial SAS expertise as well as a solid 
background within the pharmaceutical industry. They worked closely with us from initial design through to final validation 
testing to deliver exactly what was required." 
Hartington Statistics and Data Management 

“Coaching, mentoring and skills transfer have been a valuable result of our relationship with Amadeus.  We could not have 
progressed so far nor so quickly using SAS 9 without this practical on-the-job guidance and advice."  
Office for National Statistics  

“Amadeus have proved an excellent and adaptable partner in delivering a solution that automates how we handle the large 
datasets, and gives us flexible, easy to use tools for the rapid production of consistent, high integrity, statistical information."  
Home Office 
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Executive Summary  
 

The continual growth in data volumes creates challenges in our SAS environments.  As data 

volumes grow exponentially reading and writing data, referred to as I/O, is the biggest 

performance challenge we face.   

 

Amadeus observed an average reduction of almost 60% in the elapsed time of SAS jobs 

running on Microsoft Windows Server 2008 R2 (x64) servers when we used Fusion-io’s solid 

state drive the ioDrive.  The performance improvement was created by maximising I/O 

allowing greater utilisation of CPU and memory resources.   

 

This paper demonstrates methods of reducing the I/O waiting time through the use of solid 

state drive technology in the SAS environment by discussing:  

  

 The challenges of I/O in the SAS environment 

 How solid state drives differ from traditional storage disks  

 The performance gain from solid state drives and SAS Software tuning  

Amadeus concluded these findings after conducting experiments by executing a suite of 

SAS programs with varying volumes of input data and by varying SAS system configuration 

options.   

 

Two types of solid state drives were compared.  A traditional mechanical disk drive was used 

as the control.  A summary of this experiment is presented within this paper. 
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Introduction 
 

SAS administrators and users seek to maximise the performance of a server by fully utilising 

its CPU and memory.  This requires a sustained high level of data throughput (I/O) which is 

a challenge to achieve.   

 

In addition to working with intelligent levels of aggregated data and good programming 

practice, SAS Software provides several system options to tune the performance of SAS 

sessions for your disk arrangements, SAS programs and data structures.   

 

With recent advances and falling prices in SSD technologies, organisations are increasingly 

turning to solid state drives over traditional mechanical disks.  This paper compares the 

performance benefit between two solid state drive manufacturers and a mechanical disk to 

determine the return on investment.   

 

The first drive is from Fusion-io and is called the ioDrive.  The ioDrive uses NAND flash 

memory, similar to standard SSD’s, however there is a significant benefit.  A standard SSD 

will connect to your server through its SATA (serial ATA) port.  Fusion-io devices plugs 

directly into the mother board via a PCI express slot.  

 

The second technology we refer to as “Solid State Technology A”.  This is a flash-based 

storage array, not a single SSD but rather an array of drives overlaid.  

 

The third technology is a standard mechanical hard disk found in most servers, NAS or SAN 

arrays.  Performance from this disk is used as the control in our experiment. 

The I/O Challenge  
 

It is well documented that volumes of stored data are increasing exponentially (Gartner 

estimate that over the next five years we will need to triple storage capacity just to keep 

pace).  Amadeus observe it is increasingly common in all industries that SAS jobs are 

processing individual tables whose sizes are in the order of gigabytes.  Processing these 

volumes requires transferring data from storage to the server’s memory and CPU.  Here lies 

the root of the problem.   
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Advances in memory and CPU’s have far outpaced the advances in disk technology.  The 

disparity between CPU and memory performance coupled with increasing uses of SAS 

Software all contribute to increased queues of data in read/write tasks.  This causes a 

perception that SAS performance is degrading.     

Solid State Drives  
 

The Fusion-io drive was developed to improve application response time with a large 

capacity, high performance ioMemory tier.  One of the main strengths of the ioDrive is the 

ability to eliminate common I/O bottlenecks when data is transferred to and from disk.  The 

strength of the Fusion-io ioDrive is the ability to plug directly into the PCI express bus which 

gives a huge increase in transfer speeds.  Fusion-io devices have been used successfully in 

industries from e-retailing, to movie making and data warehousing. 

 

Fusion-io also has a number of devices.  One device which eliminates the drop in virtual 

performance is the ioTurbine which helps to unleash the VMware’s potential.  The ioTurbine 

runs in the background as a component in the hypervisor and in the guest operating system. 

  

The Solid State Technology A was developed by a flash-based storage array manufacturer.  

The architecture of the device does not employ rotating disks and utilizes a memory chip 

with writable and deleteable cell that can store data after the device has been powered off.  

The Solid State Technology A device is a flash-based storage array, which is not a single 

solid-state drive, but an array of solid-state drives overlaid.  The result of combining this with 

the software is to create a primary storage device which can increase data speeds and 

expand virtual storage. 

 

The control device in this experiment is a standard mechanical disk (a hard disk) which is 

commonly used by businesses and for personal use.  The mechanical disk is a random 

access digital magnetic data storage device that features rotating rigid platters using a 

motor-driven spindle.  The data is magnetically read from and written to by the read/write 

heads.   
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Performance Benefits  
 

A series of tests were derived which represented typical SAS programming tasks.  Each test 

program was submitted at least three times in an independent batch SAS session.  Results 

from each of the like tests were averaged. 

The Tests  
 
A number of SAS programs were created that manipulated data sets with a variety of DATA 

and PROC steps.  Each program was executed on a range of data set sizes as a single SAS 

session and as one of a number of concurrently executing SAS sessions.  Tables of 0.5GB, 

1GB, 5GB and 10GB were used.  Each table contained 300 variables, with an equal spilt 

between character and numeric.  Character variables contained random sequences of 255 

alphabetic characters, while numeric variables (8 bytes) contained random numbers 

between 0 and 100.  

 

Each SAS program contained a number of single-threaded and multi-threaded procedures.  

The multi-threaded procedures were Proc SORT, Proc SQL, Proc SUMMARY and Proc 

TABULATE.  SAS compression was not used.  Programs with and without SAS indexes 

were used.   

 

The following is a brief description of each step in the program: 

 The data step was used to read from an existing data set.  An indexing function was 

used to search each character variable for a string of characters.  The results were 

then output to a new data set in the work library;  

 Proc SORT was used to read from the original table and sort the table by a variable, 

outputting the result to a new table stored in the work library; 

 Proc SQL was used to read from the original table.  The table is then ordered by a 

variable, all of the variables are selected and the new table created is written to the 

work library; 

 Proc TABULATE produces a cross tabulation, classified by two class variables and 

calculating the mean of a numerical variable.  The results were also written to an 

output data set in the work library. 

 Proc SUMMARY reads the data from the original table, runs summary statistics and 

then the resulting data set is printed to the output window and to a new table written 

to the work library; 
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 Proc TRANSPOSE reads the data in the original data set and creates a new data set 

to the work library, transposing the rows to columns and vice versa; 

 Finally, Proc CORR is used.  This procedure reads from the original data set and 

calculates Pearson’s correlation coefficients on all of the numerical columns, 

outputting the matrix to a new data set in the work library. 

 

Tests were conducted on a Microsoft Windows 2008 R2 (x64) operating system.  The server 

was built with 8 CPU cores and 32 GB RAM.  SAS 9.2 (TS1M0) was used in these tests. 

The Results 
 
Table 1 (below) summarises the performance benefits of solid state drives when compared 

to a traditional mechanical disk.  These results are from tests with a 10GB input data set 

consisting of 150 character variables and 150x8 byte numeric variables, with tables 

uncompressed.   

 
Table 1: Summary of Performance with a 10GB input SAS data set  

SAS Configuration 

Real Time (seconds) 
Performance Increase (%)  

vs. Mechanical disks 

Fusion-io 
Solid State 

Technology A 
Mechanical Fusion-io 

Solid State 
Technology A

Default Settings 274.17 633.07 742.28 63% 15% 

BUFSIZE 512k  

BUFNO 4k 

NOSGIO 

185.93 208.83 421.85 56% 50% 

BUFSIZE 256k  

BUFNO 1k 

SGIO 

287.03 346.28 505.34 43% 31% 

BUFSIZE 512k 

BUFNO 4k 

SGIO 

275.41 322.12 599.51 54% 46% 

2x Concurrent 
Programs  
BUFSIZE 512k  

BUFNO 4k 

NOSGIO 

330.42 544.42 825.47 60% 34% 

2x Concurrent 
Programs BUFSIZE 
512k  

BUFNO 4k  

SGIO 

319.87 381.12 862.56 63% 56% 

Total real time 1,673.1s 2,435.84s 3,957.01s 58% 38% 
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Figure 1, below, illustrates the data transfer for each storage device, with the server running 

two concurrent SAS programs with BUFSIZE 512k, BUFNO 4k and SGIO enabled.  This 

pattern is typical of the results we observed.   

 
Figure 1:  Data Transfer (GB/s) by device 

 
 Fusion-io  Solid State Technology A  Mechanical 

 
Our performance monitoring has found that the Fusion-io device consistently achieves a 

higher I/O throughput when compared to the other devices.  The higher I/O leads to a higher 

CPU utilisation and a shorter elapsed processing time.   

Further Selected Findings 
 
The maximum observed I/O during the testing was found to be that the Fusion-io device can 

achieve almost 4GB/s with five concurrent SAS sessions on this server, each SAS session 

used a 10GB input data set.  Fusion-io consistently achieved this level of throughput.  Solid 

State Technology A and Mechanical devices did peak at 2.5GB/s and 2GB/s respectively 

however, this was far less frequency observed than the Fusion-io device.  This pattern is 

clear in Figure 1, above. 

 

When varying the BUFNO and BUFSIZE options it was found that the time taken to 

complete a program where a SAS data set is greater than 2GB in size can be reduced.  

However it is worth noting that the greater these sizes are set to the more memory is 
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required to complete a step in the program.  We have found that switching SGIO on 

significantly reduces the required memory.  

 

When a single program was executed the best results were found when SGIO was switched 

off, BUFSIZE was set to 512K and BUFNO set to 4K; however as noted as above the 

amount of memory required was very high.  Overall Fusion-io device was found to be 58% 

more efficient than the mechanical device for a 10GB data set. 

 

When several SAS sessions are executed in parallel, the best results were found when 

SGIO was on and BUFSIZE was set to 512K and BUFNO set to 4K.  It is also worth noting 

that when SGIO was switched off, we were also able to exhaust the memory available to our 

SAS sessions.  This is one reason why Amadeus recommend regular performance 

monitoring to ensure that appropriate SAS system options and values are used in your 

environment. 

 

When five programs, each using 10GB input data sets, were run in parallel execution the 

Fusion-io device was 30% more efficient than the same test when on the Solid State 

Technology A.  The mechanical drive was unable to complete the tests in this configuration 

due to its capacity.  When running tests in this configuration we observed that the Fusion-io 

Device was also able to record a maximum throughput of 4GB/s compared to the alternative 

solid state device which peaked at 0.8GB/s. 

 

With the Fusion-io device, we observed individual procedure steps peaking at a fivefold 

performance gain, compared to the mechanical disk. 
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Conclusions 
 

The results clearly show that the Fusion-io Device is the most efficient device and 

significantly outperforms mechanical disks.  Amadeus has found this device reduced the 

elapsed time by approximately two thirds when concurrent SAS sessions are processing in a 

well configured SAS environment.  On average, (including environments with single SAS 

sessions) we observed a 58% average decrease in required time to complete a SAS job. 

 

The return on investment can be measured given these reductions in elapsed time.  We can 

consider submitting jobs more frequently and increasing the overall utilisation of your SAS 

servers.  In addition environmental returns can be measured.  SSD devices are installed 

inside a server, with potentially several terabytes of storage.  This makes it possible to 

remove the physical devices in the server room required with NAS and SAN arrays.  The 

power of such external devices is therefore no longer consumed; an increasingly important 

recognition for organisations with increasing fuel costs. 

Next Steps  
 

If you would like to recognise the benefit of processing large volumes of data in radically 

reduced times, contact us to evaluate where solid state drives will benefit your SAS 

infrastructure.   

 

Amadeus’ Consultants are experts in SAS.  It is the only software we work with.  From the 

fourth generating programming language through the Intelligence Platform to its industry 

solutions we are the best positioned organisation to assist you with the use of SAS Software. 

About Amadeus  
 

Amadeus Software Limited, formed in 1989, provides Business Intelligence Solutions.  We 

are a SAS 9 Preferred Implementation Partner for delivery of SAS projects across all 

industries.  We have earned our outstanding reputation by providing first-class solutions, 

unrivalled technical support and clear, practical training.  

 

Why Amadeus?  

1. We offer a complete end-to-end SAS service, from SAS Consultancy, Technical 

services through to Support and Training  
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2. Our approach is one of flexibility, integrity and openness  

3. Our excellent record of successful SAS projects gives high Return on Investment for 

our customers  

 

Contact Us  

Phone: +44 (0) 1993 848010 

Email: info@amadeus.co.uk 

On-line contact form www.amadeus.co.uk/contact-us 

Address: Amadeus Software Limited 
Mulberry House 

9 Church Green 
Witney 
Oxfordshire 

OX28 4AZ 
England 

 


