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abstract  This white paper discusses significant enhancements in the multi-processor scalability of 

the HP-UX operating system and especially of its kernel. These enhancements are 
driven by the on-going trend to higher and higher numbers of processors in high-end 
servers. Today, HP-UX performs well in a broad range of applications across an HP9000 
product line that ranges from single processor systems up to the 64-way SuperDome 
server.  Operating system performance work within HP is on-going and multi-faceted. 
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more processors 
in high-end 
servers 

 The number of processors in HP’s high-end servers has increased rapidly in recent 
years, as shown in Figure 1 below. 

continuous 
enhancement of 
multi-processor 
os scalability  
 

 As this increase has occurred, the HP-UX operating system and its operating 
environments have been continuously enhanced to ensure that the increasing number of 
processors deliver suitably increased application throughput. HP-UX must be (and is) 
able to deliver attractive application throughput on systems having one to many 
processors. In recent years, the multi-processor scalability of HP-UX, that is, its ability to 
effectively manage the number of processors in the system, has been enhanced at the 
high end, allowing HP-UX to effectively manage a greater and greater number of system 
processors. 

The HP-UX operating system and its environments are called on to perform well in a 
wide range of applications. These include but are not limited to the following, shown with 
one or more of the key performance benchmarks for each area: 
• On-line transaction processing (OLTP) TPC-C 
• Business Intelligence, Decision Support TPC-H 
• Enterprise Resource Planning (ERP) vendor-specific 
• Server Consolidation 
• Internet SPECweb 
• File Server SPECsfs 
• Technical Applications SPECcpu 

  SPECcpurate 
  vendor-specific 

• Java SPECjbb 
The high-end enhancements to the operating system’s multi-processor scalability have 
been especially important in OLTP, Business Intelligence, and ERP applications. In these 
applications, these powerful, “high-way” systems, i.e. systems with large numbers of 
processors, are often used as back-end servers. The combined computing power of all 
processors is expected to allow and support commensurately higher throughput, 
measured, for example, as transactions per minute or queries per hour.  

 

figure 1: processors in HP high-end servers
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the kernel: key to 
mp scaling 

 Like other UNIX operating systems, HP-UX is logically layered into user and kernel 
layers, as shown in figure 2. 

   

 

 

 

 

 

 

 

 

 
                            Adapted from Curt Schimmel, UNIX Systems for Modern Architectures 
 

what the kernel 
does 

 The kernel interfaces with and controls the hardware and provides system services, in 
the form of system calls, to user programs/applications. The kernel has privileges that 
give it full control over the hardware so that it can coordinate sharing of the underlying 
hardware by all programs. 

Figure 3 looks inside the kernel and shows the kernel’s major components, e.g. file 
system, process scheduling, memory management, etc. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Adapted from Maurice J. Bach, The Design of the UNIX Operating System 
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figure 2: HP-UX system layering 
 

figure 3: kernel block diagram 
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kernel scalability  The kernel is expected to manage hardware resources efficiently whether the system has 
a lot of a particular kind of hardware resource or only a little. The kernel’s scalability 
refers to its ability to do so, with respect to a particular type of resource. This white paper 
focuses on the kernel’s multi-processor scalability. 

kernel multi-
processor 
scalability 

 In most types of computing, it is the kernel’s job to keep all the processors as busy as 
possible doing useful work. Obviously, a processor with no work to do, i.e. an idle 
processor, contributes to lower throughput and poorer performance. One of the kernel’s 
jobs is to decide what work to run on which processor and when to run it. The kernel 
makes these decisions in its process scheduling functions. 

If the kernel consumes an undue number of processor cycles in making its decisions, the 
kernel itself becomes a contributor to poor throughput. On a system with a small number 
of processors, a kernel may perform its tasks efficiently enough, as measured by the 
percentage of total processor cycles consumed by kernel tasks. However, if the kernel’s 
methods or algorithms or their coding do not efficiently handle a larger number of 
processors, then, on a system with more processors, the kernel may consume too much 
processor time in its tasks. This would be an instance of poor kernel multi-processor 
scalability. In extreme cases of poor scaling, system throughput may actually be lower on 
the larger system than on the smaller.  

enhancing kernel 
multi-processor 
scalability 

 Big computing systems keep getting bigger. Customers expect bigger systems to do 
more work than smaller systems. In most cases, it is the operating system kernel that 
schedules the work and doles the work out to the processors. Therefore, the kernel’s 
ability to effectively manage larger and larger numbers of processors is key to meeting 
customer expectations. 

An operating system kernel cannot just be dropped onto a new, bigger system and 
expected to handle the larger number of processors. The kernel may not be able to keep 
all the processors busy or, because of the larger number of processors, the kernel may 
consume an overly high percentage of the processor cycles and crowd out the useful 
work. 

Computing products lines include an operating system and a range of hardware 
platforms that run that operating system -- from uni-processor systems to high-end, multi-
processor systems.  Lately, each new generation of high-end system has twice the 
number of processors as the previous generation, moving from 16 to 32 to 64, etc. With 
each new generation, the kernel is challenged to operate efficiently over a re-doubled 
range in the number of system processors; while continuing to be efficient on uni-
processor systems, it must handle up to 16 processors, then 32, then 64, and so on. 

With each new generation at the high-end, the kernel must be re-examined and re-
designed to handle a re-doubled range in the number of system processors, e.g. from 1 
to 32 processors one year, then from 1 to 64 the next, etc. Characterizing, 
comprehending, and compatibly re-engineering the behavior of several million lines of 
complex and highly constrained kernel code is challenging and rewarding operating 
system research and development work. 

HP-UX kernel 
multi-processor 
scalability 
progress 

 Since 1998, HP PA-RISC high-end servers have been on a steep upward ramp in their 
number of processors, as shown in Figure 1. Over this period, HP’s high-end has moved 
from the 16-way V2200 and V2250 to the 32-way V2500 and V2600 to the 64-way 
SuperDome. 

Over this period, the multi-processor scalability of HP-UX has been improved 
substantially. Results based on the SDET workload are shown in Figure 4 and discussed 
below.  

A substantial scalability effort was made for the 11i release. This involved all HP-UX 
kernel development teams, including process management, memory management, file 
systems, IO, networking, LVM, etc. Many of the improvements released in 11i have been 
released as patches to 11.0, improving 11.0’s scalability markedly since its initial release. 
Since 11i’s release, scalability efforts have continued. A number of key improvements 
have been released as 11i patches. Additionally, additional changes for 64-way (and 
beyond) are ready for release with the next release of HP-UX.  
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SDET and other 
workloads for 
kernel scalability 

 The SDET benchmark has been a useful workload for kernel scalability work because it 
is a multi-user application (up to 999 users) that spends most of its time (60% - 70%) in 
the kernel (on PA-RISC platforms). SDET performance has correlated well with important 
published benchmarks such as TPC-C, TPC-H, and ERP benchmarks. Several HP 
customers have determined SDET performance to be a good indicator of the 
performance of their applications. 

SDET is also relatively inexpensive from a hardware standpoint, takes a relatively short 
time to run, and provides a single figure of merit throughput measure (scripts/hr) for easy 
interpretation (higher is better). 

SDET is a retired SPEC (Standard Performance Evaluation Corporation) benchmark. It 
was developed years ago by Steve Gaede of AT&T as a means of getting a reasonable 
measure of how much a system could handle and how it managed when overloaded. It is 
still available from SPEC as part of SPEC SDM. 

  SDET is just one of many workloads used at HP for HP-UX scalability and performance 
work. A number of others are used within our HP-UX kernel performance team. We also 
work closely with benchmarking teams that publish TPC-C, TPC-H, SPECweb, SPECsfs, 
SPECjbb, etc. In addition, we work with ISVs porting to HP-UX as well as directly with 
customers. This breadth of exposure gives us many different views into the performance 
and behavior of the kernel along many paths through the kernel. 

conclusion 
 

 The trend to higher and higher numbers of processors in high-end servers has required 
and driven significant enhancement in the scalability of the HP-UX operating system and 
especially its kernel. Today, HP-UX performs well in a broad range of applications across 
an HP9000 product line that ranges single processor systems up to the 64-way 
SuperDome server. The HP-UX performance work within HP is multi-faceted and on-
going. 
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for more 
information 
 

 For more information about HP-UX, visit these web sites: 

docs.hp.com 

www.hp.com/go/hpux 

  For more information about SPEC and SDET, visit: 

www.spec.org 

www.spec.org/osg/sdm91/ 

www.spec.org/osg/sdm91/#sdet 
 
 



 

 

  

  

 

 

 

For more information, contact any of our worldwide  
sales offices or HP Channel. 

 

For the location of the nearest sales office call: 

United States of America: 
 +1 800 637 7740 

Canada: 
Hewlett-Packard Ltd. 
5150 Spectrum Way 
Mississauga, Ontario L4W 5G1 
+1 905 206 4725 

Japan: 
Hewlett-Packard Japan, Ltd. 
Japan Country H.Q. 
3-29-21, Takaido-Higashi, Suginami-ku, 
Tokyo, 160-8585 Japan 
+81 3 3331 6111 

Latin America: 
Hewlett-Packard 
Latin American Region Headquarters 
Waterford Building, 9th Floor 
5200 Blue Lagoon Drive 
Miami, Florida 33126 USA 
+1 305 267 4220 
Refer to country phone numbers 

Australia/New Zealand: 
Hewlett-Packard Australia Ltd. 
31-41 Joseph Street 
Blackburn, Victoria 3130 
Australia (A.C.N. 004 394 763) 
+61 3 9272 2895 

Asia Pacific: 
Hewlett-Packard Asia Pacific Ltd. 
17-21/F, Shell Tower 
Times Square 
1 Matheson Street 
Causeway Bay 
Hong Kong 
+8522 599 7777 

Europe/Africa/Middle East: 
Hewlett-Packard S.A. 
150, Route du Nant-d’Avril 
CH-1217 Meyrin 2 
Geneva, Switzerland 
+41 22 780 81 11 

For direct country contact call: 

Argentina: +541 787 7145 

Austria: +43 1 25 000 0 

Belgium and Luxembourg: +32 2 778 31 11 

Brazil: +5511 7296 8000 

Chile: +562 203 3233 

Colombia: +571 629 5030 

Denmark: +45 45 99 10 00 

East Central Europe, CIS, and Yugoslavia:  
+43 1 25 000 0 

Finland: +358 9 887 21 

France: +33 1 69 82 60 60 

Germany: +49 7031 140 

Greece: +30 1 689 644 

Hungary: +36 1 252 7300 

Iceland: High Performance Systems hf. 
+354 1 67 10 00 

Ireland: +353 1 615 8200 

Israel: Computation and Measurement Systems  
(CMS) Ltd. +972 3 5380 333 

Italy: +39 2 92122770 

Mexico: +525 326 4600 

Netherlands: +31 20 547 6911 

Norway: +47 22 7356 00 

Poland: +48 22 608 77 00 

Portugal: +351 1301 7343 

Russia and the CIS, excl. Ukraine:  
+7 095 923 5001 

Slovenia: +38 61 55 84 72 

Spain: +34 1 631 1600 

Sweden: +46 8 444 2000 

Switzerland: +411 735 7111 

South Africa: Hewlett-Packard South Africa  

Full information on HP products is available at www.hp.com
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