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Abstract.  

The changing landscape of high performance computing (HPC) hardware and 
applications poses a constant challenge to operating system architects. In this paper, 
we assess operating system evolution on the basis of several key factors related to 
system call functionality. Results are presented for Linux and Linux-like lightweight 
kernels. Comparisons are made with several other operating systems employed in 
high performance computing environments including AIX, HP-UX, OpenSolaris, 
and FreeBSD. Results are provided in tabular form. To our knowledge, this is the 
first such compilation of system call trends. 

 
 

1. Introduction 
 
A system call is simply the request of an application program for service 

from the operating system. It is the mechanism through which applications 
gain access to the operating system kernel – that portion of system software 
that is permanently memory-resident and responsible for managing system 
resources such as process scheduling and I/O control. When an application 
makes a system call, the calling program is making direct use of the facili-
ties provided by the kernel and the major portion of system call code is ac-
tually executed as part of the kernel itself and not the calling program. [1] 
We distinguish system calls from library calls in that library calls may be 
performed without access to the operating system kernel or its data struc-
tures; when a program calls a library call, the code executed is part of the 
final object program (e.g. common functions such as duplicating a string).  

 
The rapid architectural progress made possible by Moore’s law has re-

sulted in exciting platform possibilities with a variety of interesting re-
sources and functional capabilities. For example, the Department of En-
ergy’s (DOE’s) Advanced Simulation and Computing (ASC) Red Storm 
machine at Sandia National Laboratory utilizes over 10,000 Opteron-based 
nodes and a custom ultra high performance 3-D mesh interconnect that 
services compute nodes as well as service and I/O nodes. [2] The ASC 
BlueGene/L machine at Lawrence Livermore National Laboratory utilizes 
system-on-a-chip technology developed for the embedded microprocessor 
marketplace to reach new levels of performance per rack as well as overall 
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performance. BlueGene/L utilizes a custom torus and a custom tree inter-
connect for over 64,000 compute nodes as well as service and I/O nodes. 
[3] The recently announced Los Alamos National Laboratory RoadRunner 
system utilizes both Opteron processors as well as Cell chips that are able to 
handle some processing (the Cell chip was originally designed for the 
Playstation 3 video game console). [4] Not only does Moore’s law result in 
new and exciting architectures – it is also radically changing our notion of 
node counts for High Performance Computing (HPC) systems: the size of 
the most capable machines may range from tens of thousands of nodes to 
hundreds of thousands of nodes. Such node counts bring new requirements 
for system wide resource utilization, fault tolerance, and ease of use. These 
design points and others make clear that system software designers can not 
assume a homogeneous cluster with a traditional compute node.  

 
Fortunately, there are a number of new efforts underway to assess cur-

rent and future stress points in the system software stack and to innovate 
new technologies for HPC platforms. One such effort is the U.S. Depart-
ment of Energy initiated Fast-OS program to study “fundamental questions 
in operating system and runtime research that must be explored in order to 
enable scientific application developers and users to achieve maximum ef-
fectiveness and efficiency on this new generation of systems.” [5] This pa-
per is the result of one Fast-OS effort, the Colony project, and its attempt to 
evaluate the current and recent past landscape of HPC system software.  

 
What follows is a record of the progression of kernels in terms of cur-

rently provided services, the expansion of kernel services, and sample HPC 
application usage. The rest of this paper is organized as follows. In Section 
2, we distinguish lightweight kernels and full-featured kernels. In Section 3, 
we provide tabular results for system call trends. Section 4 describes related 
work. In Section 5, we present our conclusions and our plans for future 
work. Finally, we provide acknowledgments and references in Section 6. 

 
2. Lightweight Kernels and Full-Featured Kernels 
 
Lightweight kernel architectures have a long history of success for 

highly scalable systems. Examples include the Puma operating system on 
ASC Red [6], the Catamount operating system on ASC Red Storm, and the 
CNK operating system on ASC BlueGene/L [7]. Lightweight kernels trade-
off the generality derived from a comprehensive set of operating system 
features for efficiencies in resource utilization, improved scalability for 
large-scale bulk-synchronous applications, and simplicity of design.  

 
Resource utilization differences between lightweight kernels and Linux-

like full-featured operating systems include memory footprint and overhead 
CPU cycles. Entire lightweight kernels may be 3 MB or less. Overhead 
CPU cycles are reduced through the removal of various services like those 
provided by most daemons and those associated with socket communication 
or asynchronous file I/O. 
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Studies have shown the services present in full-featured operating sys-

tems may introduce interference or jitter. [8] [9] For example, the indirect 
overhead of periodic operating system (OS) clock interrupts ("ticks") that 
are used by all general-purpose OSs as a means of maintaining control has 
been shown to be a second major cause of noise. [10] Furthermore, this in-
terference has been shown to have an impact on common parallel opera-
tions such as synchronizing collectives. Synchronizing collective operations 
are operations in which a set of processes (frequently every process) par-
ticipates and no single process can continue until every process has partici-
pated. Examples of synchronizing collective operations from the MPI inter-
face are MPI_Barrier, MPI_Allreduce, and MPI_Allgather. These 
operations pose serious challenges to scalability since a single instance of a 
laggard process will block progress for every other process. Unfortunately, 
synchronizing collective operations are required for a large class of parallel 
algorithms and are quite common [11]. A cascading effect results when one 
laggard process impedes the progress of every other process. The cascading 
effect has significant operating system implications and proves especially 
detrimental in an HPC context where high processor counts are common. 
Uncoordinated scheduling of background tasks (such as system daemons) 
hurts the performance of processes in a job. Today’s operating systems lack 
any awareness of large parallel applications, instead viewing them as thou-
sands of independent processes. Agarwal et al. have presented a theoretical 
treatise on the effects of interfering jitter on parallel collective operations; 
they found that certain noise distributions (notably the Pareto distribution 
and Bernoulli distribution) can dramatically impact performance. [12] 
Though the impact on a serial job may be small, synchronization in parallel 
applications amplifies the effect of a local delay and slows down the entire 
parallel job. These delays can have cascading effects that become the pri-
mary scaling bottleneck for the parallel job. [9] 

 
Given the importance of interference and/or jitter to scalability, the fact 

that lightweight kernel architectures have demonstrated less interference 
than unmodified full-featured operating systems has resulted in a great deal 
of interest and research in that architecture for HPC applications. 
BlueGene/L uses a lightweight kernel called CNK that is optimized for 
computational efficiency on its compute nodes.  To achieve optimal per-
formance this kernel was kept very simple but the designers wanted to 
maintain a level of familiarity for programmers.  To that end a POSIX 
compliant interface is presented and the glibc runtime library was ported to 
provide I/O support.  In order to maintain CNK's simplicity while providing 
I/O support, the processing nodes of BlueGene/L are divided into groups of 
relatively small numbers of compute nodes with an associated I/O node.  
The compute nodes defer to the I/O nodes for the execution of I/O and other 
complex system calls.  This removes the complexity of a full function I/O 
software stack from the compute node kernel. A more full function operat-
ing system such as Linux running on the I/O nodes can provide complex 
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functionality without impacting the computational tasks on the compute 
nodes. 

The BlueGene/L compute node kernel provides many system call inter-
faces. Some of the simpler calls can be handled locally in the compute node 
kernel while more complex calls must be handled by the I/O node.  These 
complex system calls are shipped to the I/O node for execution.  The I/O 
request and data are shipped over a collective network that joins compute 
nodes and I/O nodes together into processor sets.  A daemon called CIOD 
runs on the I/O node to receive system call requests from the compute 
nodes, executing those requests and returning the results.  The compute 
node blocks until the system call result is returned.  This design eliminates 
the need for the various daemons that assist with I/O in many traditional 
kernels. [13] CNK's lack of daemons, paging activity, and TLB misses due 
to static TLB mapping ensures that operating system (OS) noise is kept to 
an absolute minimum. 

 
While the I/O node runs a full Linux kernel, it is also modified for scal-

ability.  There is no swap space, a small number of daemons are running, 
and the root filesystem is completely in memory.  Connectivity to file serv-
ers and other resources is achieved via a gigabit Ethernet network.  The ap-
plication process does not directly run on the I/O node so security issues in-
herent in network connectivity are avoided.  BlueGene/L's I/O architecture 
is capable of supporting various high performance parallel filesystems such 
as GPFS, Lustre, and PVFS2. 

 

 
Figure 1: Function-shipping from CNK to CIOD on IBM BlueGene/L 

 
BlueGene/L's separation of responsibilities between compute nodes and 

I/O nodes leads to a scalable and robust operating system for the compute 
nodes.  The robustness is achieved because the kernel is simple to design, 
implement, and test.  The kernel's scalability is the result of little or no in-
terference with the compute process.  The lack of interference has been di-
rectly and indirectly measured through operating system noise measure-
ments and other techniques. 
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The Catamount lightweight kernel also function-ships complex opera-
tions to I/O nodes for completion. Catamount, which is utilized on the com-
pute nodes of Sandia’s Red Storm system, draws its heritage from earlier 
work with the Puma lightweight kernel and Cougar lightweight kernel de-
veloped by Sandia National Laboratory and the University of New Mexico.  

 
While lightweight kernels offer a jitter-free environment with extremely 

small levels of operating system interference, they do so at a price. Some 
system calls are not supported, and there is usually little (if any) support for 
threaded parallelism. Section 3 includes data on which calls are supported 
for both Red Storm’s Catamount and BlueGene/L’s CNK. A full-featured 
operating system such as Linux would provide a full complement of system 
calls, but as stated earlier variability in context switch times and interfer-
ence from normal Linux activities such as daemons have been shown to 
dramatically reduce scalability for very large node counts. [14]  Projects 
like the Colony Project (http://www.hpc-colony.org) seek to provide scal-
ability in a full-featured Linux operating system while retaining all system 
calls for worry-free application porting. [15] 

 
3.  Trends 
 
One of the more tangible ways of tracking the evolution of operating sys-

tems is to evaluate their functionality based on system call interfaces. Of ne-
cessity, system call interfaces are exposed for both proprietary operating sys-
tems and open operating systems. Whereas subtle differences in functional 
behavior are hard to quantify, assessments based on system calls provide for 
meaningful comparisons. We evaluate system calls for several important classi-
fications including: system calls that are common to current operating systems 
employed by HPC environments; available system calls in lightweight kernels 
and how they are implemented (i.e. performed natively or forwarded to other 
nodes); system calls that are utilized by representative HPC applications; and 
how services provided by operating systems are changing over time.  

 
3.1 A Common Set of System Calls 
 
In Tables 1a and 1b, we present information on those calls which are 

found in at least two of the following operating systems: AIX [16], 
FreeBSD [17], Linux [18], OpenSolaris [19], and HP-UX [20]. The table 
includes 4 columns: Column 1 labeled Call identifies the system call by 
name; Column 2 labeled Linux? denotes whether the system call is present 
in Linux 2.6.18 or not; Column 3 labeled BGL denotes how the call is im-
plemented in the BlueGene/L operating system (CNK indicates in the 
BlueGene Compute Node Kernel, IO indicates the call is functioned 
shipped to the IO node); Column 4 labeled Red Storm denotes how the call 
is implemented in the Red Storm Catamount operating system (Cat indi-
cates Catamount compute node kernel, IO indicates the call is functioned 
shipped to the IO node, yod indicates that the call is functioned shipped to a 
node running the Red Storm yod daemon). 
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Table 1a:  Lightweight Kernel Implementation of Common System Calls 
Cray-Sandia-UnivNewMexico Catamount and IBM CNK 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Each of the following are found in at least two of the following operating systems: 
AIX, FreeBSD, Linux, OpenSolaris, HP-UX 

CALL LINUX?  BGL Red Storm  CALL LINUX?  BGL    Red Storm 
_exit Linux    getgid Linux CNK  Cat 
accept Linux    getgroups Linux   
access Linux   IO IO  gethostid    
acct Linux    gethostname Linux   yod 
adjtime      getitimer Linux CNK  
afs_syscall Linux    getlogin    
aio_cancel     getmsg    
aio_error     getpagesize    
aio_read     getpeername Linux   IO  
aio_return     getpgid Linux   
aio_suspend     getpgrp Linux   
aio_waitcomplete     getpid Linux   Cat 
aio_write     getppid Linux   
alarm Linux  Cat  getpriority    
alloc_hugepages Linux    getresgid Linux   
atexit      getresuid Linux   
bind Linux    getrlimit Linux CNK  Cat 
brk Linux CNK   getrusage Linux CNK  Cat 
chdir Linux   IO Cat  getsid Linux   
chmod Linux   IO IO  getsockname Linux   IO  
chown Linux   IO IO  getsockopt Linux   
chroot Linux    gettimeofday Linux CNK  Cat 
clock_getres Linux    getuid Linux CNK  Cat 
clock_gettime Linux    ioctl Linux    IO 
clock_nanosleep Linux    kill Linux CNK  Cat 
clock_settime Linux    killpg    
close Linux   IO IO  lchown Linux   IO  
connect Linux   IO   link Linux   IO   IO 
creat Linux   IO IO  listen Linux   
creat64 Linux    llseek Linux   IO   IO 
dup Linux   IO Cat  lockf    
dup2 Linux   IO Cat  lseek Linux   IO   IO 
exec     lstat Linux   IO   IO 
execv     madvise Linux   
execve Linux CNK   makecontext    
exit Linux CNK yod  mincore Linux   
fchdir Linux   IO   mkdir Linux   IO   IO 
fchmod Linux   IO IO  mknod Linux    IO 
fchown Linux   IO IO  mlock Linux   
fcntl Linux   IO IO  mmap Linux   
flock Linux    mount Linux   Cat 
fork Linux    mprotect Linux   
fpathconf     msem_init    
fstat Linux   IO IO  msem_lock    
fstatfs Linux   IO IO  msem_remove    
fsync Linux   IO IO  msem_unlock    
ftime Linux  Cat  msgctl    
ftruncate Linux   IO IO  msgget    
getcontext      msync Linux   
getcwd Linux   IO Cat  munlock Linux   
getdents Linux   IO IO  munmap Linux   
getdirentries     nanosleep Linux   Cat 
getdomainname     nice Linux   
getdtablesize     open Linux   IO   IO 
getegid Linux   Cat  pathconf    
geteuid Linux   Cat  pause Linux   
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Table 1b:  Lightweight Kernel Implementation of Common System Calls 
Cray-Sandia-UnivNewMexico Catamount and IBM CNK 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Each of the following are found in at least two of the following operating systems: 
AIX, FreeBSD, Linux, OpenSolaris, HP-UX 

CALL LINUX?  BGL    Red Storm  CALL LINUX?  BGL    Red Storm 
getfh     pipe Linux   
plock     setuid Linux   yod 
poll Linux    shmctl    
pread Linux    IO  shmdt    
profil Linux    shmget    
ptrace Linux    shutdown    
putmsg     sigaction Linux CNK  Cat 
pwrite Linux    IO  sigaltstack Linux   
quotactl Linux    sigblock    
read Linux   IO   IO  signal Linux CNK  Cat 
readdir Linux      IO  sigpause    
readlink Linux   IO   IO  sigpending Linux   Cat 
readv Linux   IO   IO  sigprocmask Linux   Cat 
reboot Linux    sigreturn Linux CNK  
recv Linux   IO   sigsetmask Linux   
recvfrom Linux   IO   sigstack    
recvmsg Linux    sigsuspend Linux   
rename Linux   IO   IO  sigvec    
rmdir Linux   IO   IO  socket Linux   IO  
rtprio Linux    socketpair Linux   
sbrk Linux    stat Linux   IO   IO 
sched_get_priority_max Linux    statfs Linux   IO   IO 
sched_get_priority_min Linux    stime Linux   
sched_getparam Linux    stty Linux   
sched_getscheduler Linux    swapon Linux   
sched_rr_get_interval Linux    swapoff Linux   
sched_setparam Linux    symlink Linux   IO   IO 
sched_setscheduler Linux    sync Linux   
sched_yield Linux    sysconf    
select Linux    sysfs Linux   
semctl     syslog Linux   
semget     time Linux CNK  Cat 
semop     times Linux CNK  
send Linux   IO   truncate Linux   IO   IO 
sendfile Linux    ualarm    
sendmsg     ulimit Linux   
sendto Linux   IO   umask Linux   IO  Cat 
setdomainname Linux    umount Linux   Cat 
setgid Linux   yod  uname Linux CNK  Cat 
setgroups Linux    unlink Linux   IO   IO 
sethostname Linux    unmount Linux   
setitimer Linux CNK  Cat  ustat Linux   
setpgid Linux    utime Linux   IO   IO 
setpgrp Linux    utimes Linux   
setpriority Linux    vfork Linux   
setregid Linux    vhangup Linux   
setresgid Linux    wait Linux   
setresuid Linux    wait3    
setreuid Linux    wait4 Linux   
setrlimit Linux CNK  Cat  waitid Linux   
setsid Linux    waitpid Linux   
setsockopt Linux    write Linux   IO   IO 
settimeofday Linux    writev Linux   IO   IO 
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3.2 System Calls That are Unique To Linux 
 
In Tables 2a and 2b, those calls that are unique to Linux are presented. 

That is, each call is found in Linux but not in AIX, FreeBSD, OpenSolaris, 
or HP-UX. As in the previous section this table includes 4 columns: Col-
umn 1 labeled Call identifies the system call; Column 2 labeled BGL de-
notes how the call is implemented in the BlueGene/L OS; and Column 3 la-
beled Red Storm denotes how the call is implemented in the Red Storm 
Catamount OS.  

 
 

Table 2a:  Lightweight Kernel Implementation of Linux-Only System Calls 
Cray-Sandia-UnivNewMexico Catamount and IBM CNK 

_______________________________________________ 
Each of the following are found in Linux but not the following operating systems: 

AIX, FreeBSD, OpenSolaris, HP-UX 
CALL  BGL    Red Storm  CALL  BGL    Red Storm 

add_key    get_thread_area   
adjtimex    getdents64   IO  
bdflush    getegid32   
break    geteuid32   
capget    getgid32   
capset    getgroups32   
chown32    getpmsg   
clone    getresgid32   
creat6    getresuid32   
create_module    gettid   
delete_module    getuid32   
epoll_create    getxattr   
epoll_ctl    gtty   
epoll_wait    init_module   
exit_group    inotify_add_watch   
faccessat    inotify_init   
fadvise64_64    inotify_rm_watch   
fchmodat    io_cancel   
fchown32    io_destroy   
fchownat    io_getevents   
fcntl64    io_setup   
fdatasync    IO   IO  io_submit   
fgetxattr    ioperm   
flistxattr    iopl   
free_hugepages    ioprio_get   
fremovexattr    ioprio_set   
fsetxattr    ipc   
fstat64   IO   kexec_load   
fstatat64    keyctl   
fstatfs64   IO   lchown32   
ftruncate64    lgetxattr   
futex    linkat   
futimesat    listxattr   
get_kernel_syms    llistxattr   
get_mempolicy    lock   
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Table 2b:  Lightweight Kernel Implementation of Linux-Only System Calls 
Cray-Sandia-UnivNewMexico Catamount and IBM CNK 

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Each of the following are found in Linux but not the following operating systems: 
AIX, FreeBSD, OpenSolaris, HP-UX 

CALL  BGL    Red Storm  CALL  BGL    Red Storm 

get_robust_list    lookup_dcookie   
lremovexattr    sched_getaffinity   
lsetxattr    sched_setaffinity   
lstat64   IO   security   
mbind    sendfile64   
migrate_pages    set_mempolicy   
mkdirat    set_robust_list   
mknodat    set_thread_area   
mlockall    set_tid_address   
mmap2    setfsgid   
modify_ldt    setfsgid32   
move_pages    setfsuid   
mprotect     setfsuid32   
mpx    setgid32   
mq_getsetattr    setgroups32   
mq_notify    setregid32   
mq_open    setresgid32   
mq_timedreceive    setresuid32   
mq_timedsend    setreuid32   
mq_unlink    setuid32   
mremap    setxattr   
munlockall    sgetmask   IO  
newselect    socketcall   
nfsservctl    ssetmask   
oldfstat    stat64   IO  
oldstat    statfs64   IO  
openat    symlinkat   
personality    sync_file_range   
pivot_root    sysctl   
ppoll    sysinfo   
prctl    tee   
prof    tgkill   
pselect6    timer_create   
putpmsg    timer_delete   
query_module    timer_getoverrun   
readahead    timer_gettime   
readlinkat    timer_settime   
remap_file_pages    tkill   
removexattr    truncate64   IO  
renameat    umount2   
request_key    unlinkat   
rt_sigaction    unshare   
rt_sigpending    uselib   
rt_sigprocmask    vm86   
rt_sigqueueinfo    vm86old   
rt_sigreturn    vmsplice   
rt_sigsuspend    vserver   
rt_sigtimedwait    prctl   
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3.3 System Call Growth 
 
As of version 2.6.18, Linux has 313 system calls. This represents a 

growth of about 60% since Linux version 2.4.2 (see Figure 2).  Of the 313 
system calls found in Linux, 46 are uniform in name, parameters, and func-
tionality to FreeBSD, NETBSD, OPENBSD, BEOS, and ATHEOS operat-
ing systems. [21]  

 

 
Figure 2: Growth of Linux System Call Count 

 
The reason for this growth is varied. System calls have been added for 

clarifying 32-bit or 64 bit data structures, improving performance of context 
switches [22], expanding parallel library support to include Java and 
OpenMP [23], adding support for emerging standards such as POSIX real-
time system calls, and addressing new application functionality demands. 

 
It is interesting to compare today’s Linux to the pre-TCP Version 6 Unix 

operating system of 1977. John Lion’s teaching materials on V6 Unix listed 
215 “operating system procedures” (which includes calls like sched and 
panic), 43 of which were listed as “system call entries”. [24] [25] 

 
3.4 System Call Usage Among HPC Applications 
 
In Tables 3a and 3b, we identify 7 HPC applications and/or commonly 

used libraries and note which system calls each application uses. The appli-
cations were selected based on their availability and popularity. Popularity 
was determined by ad hoc usage at representative supercomputer centers 
(especially the supercomputer center at Lawrence Livermore National 
Laboratory which is familiar to the authors). 
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A script was developed to parse C source files, header files, and 
FORTRAN source files for application usage of system calls. The script 
produces a log that must be interpreted by a programmer to ensure that the 
call usage should be included. 

 
The columns to Tables 3a and 3b have the following meanings: column 1 

lists the name of a system call; column 2 (labeled “BGL”) indicates calls 
that are supported on BlueGene/L with a blue background; column 3 (la-
beled) “Red”) indicates calls that are supported on Red Storm; and columns 
4 through 9 list the seven HPC applications (Co-op, NAMD, ARES, 
ALE3D, BLAST, POP, X11). 

 
 

Table 3a:  HPC Application Usage of System Calls 

 BGL Red Co-op NAMD ARES ALE3D BLAST POP libX11 
accept           
bind           
chdir              
close          
connect             
creat               
dlcose               
dlerror              
dlopen             
dlsym             
dup2               
execv                
execve                
exit             
fcntl             
fork              
fstat               
getcontext              
getcwd              
getgroups               
gethostname            
getitimer               
getpeername              
getpid             
getpwuid             
getrlimit               
getrusage              
getsockname               
getsockopt               
gettimeofday             
getuid               
ioctl               
kill               
lchown                
lgetxattr                
link               
linkat                
listen            
lseek               
madvise               
mkdir              
mmap              
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Table 3b:  HPC Application Usage of System Calls 

 BGL Red Co-op NAMD ARES ALE3D BLAST POP libX11 
mprotect               
open            
pipe               
poll               
read           
readdir             
recv             
recvfrom              
rename             
rmdir               
sbrk               
select            
send             
sendto               
setcontext              
setrlimit               
setsockopt              
shmat                
shmctl                
shmdt                
sigaction                 
signal              
sleep              
socket           
stat              
symlink              
system             
time             
times              
uname                       
unlink              
usleep              
vfork               
waitpid               
write           
writev               

 
Cooperative parallelism (Co-op) is a new programming model being de-

veloped at Lawrence Livermore National Laboratory.  It supports task par-
allelism by allowing applications to spawn and remotely invoke "sympo-
nents," which encapsulate executing sequential or data parallel programs.  
A runtime system known as Coop supports the creation and management of 
these symponents, and it appears to the operating system and the resource 
manager as an MPI parallel application. [26] 

 
 

NAMD is a parallel molecular dynamics code designed for high-
performance simulation of large biomolecular systems. Based on Charm++ 
parallel objects, NAMD scales to hundreds of processors on high-end paral-
lel platforms and tens of processors on commodity clusters using gigabit 
ethernet. NAMD won the 2002 Gordon Bell prize. [27] 

 
ARES is a large three-dimensional (3D) physics code developed at LLNL. 

ARES uses regular grid parallel domain decomposition and explicit MPI. [28] 
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ALE3D is a large three-dimensional (3D) multi-physics code developed 

at LLNL.  It uses an arbitrarily connected hexahedral element mesh, and 
each timestep involves a lagrange step with a mesh remap and subsequent 
advection of materials through the relaxed mesh.  This hydrodynamic algo-
rithm is referred to as “Arbitrary Lagrange-Eulerian”, or ALE.  ALE3D also 
supports explicit or implicit time integration, interaction between discon-
tinuous portions of the mesh (slide surfaces), advanced material modeling 
capabilities, chemistry, thermal transport, incompressible flow, and an im-
pressive set of 3rd party solver libraries to support various matrix-based al-
gorithms. [29] 

 
BLAST is a popular genomics application. BLAST (Basic Local Align-

ment Search Tool) provides a method for rapid searching of nucleotide and 
protein databases. Since the BLAST algorithm detects local as well as 
global alignments, regions of similarity embedded in otherwise unrelated 
proteins can be detected. Both types of similarity may provide important 
clues to the function of uncharacterized proteins. [30] 

 
POP is an ocean circulation model derived from earlier models of Bryan, 

Cox, Semtner and Chervin in which depth is used as the vertical coordinate. 
The model solves the three-dimensional primitive equations for fluid mo-
tions on the sphere under hydrostatic and Boussinesq approximations. Spa-
tial derivatives are computed using finite-difference discretizations that are 
formulated to handle any generalized orthogonal grid on a sphere, including 
dipole and tripole grids that shift the North Pole singularity into land 
masses to avoid time step constraints due to grid convergence. The code is 
written in Fortran90. [31] 

 
The X Window System is a graphics system primarily used on Unix sys-

tems (and, less commonly, on VMS, MVS, and MS-Windows systems) that 
provides an inherently client/server oriented base for displaying windowed 
graphics. The X Window System provides a public protocol by which client 
programs can query and update information on X servers. LibX11 is the li-
brary used by clients and servers to build graphical user interfaces with X 
capabilities. [32] 

 
4. Related Work 
 
While there is a wealth of material to support various design decisions 

for individual operating system designs, to our knowledge this is the first 
paper that analyzes system call trends with the emphasis on operating de-
sign and application usage. 

 
Within the last decade, a significant body of work has been developed on 

operating system call usage in support of Intrusion Detection Systems 
(IDs). Intrusion detection systems build models of expected behavior and 
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identify possible attacks based on deviations from the established model. 
On host-based systems, system call patterns are frequently incorporated in 
the model to characterize normal behavior. IDs may be used to detect mali-
cious behavior directed towards batch resources, the network, and other 
computational resources. [33] [34] [35]   

 
Another topic with some similarities is operating system protection do-

mains. Long time Unix aficionados have no doubt been exposed to viewing 
the operating system in terms of a series of concentric circles with the 
hardware being at the innermost core circle and applications being at the 
outermost circle. Most system calls do make use of special protection which 
prevents accidental or malicious access misuse. [36]  However, protection 
design may be separated from system call design. In fact, the UNIX operat-
ing systems has been implemented in User Space. [37] 

 
 
5. Conclusions and Future Work 
 
New requirements unmet by traditional operating system call sets are surfac-

ing with the new crop of computer architectures and new levels of node counts. 
In some instances, it is sufficient to add new system calls to meet these new 
needs and Linux has swelled 60% between 2.4.2 and 2.6.18. Other needs such 
as scalability to tens of thousands of nodes are not addressed so easily and 
novel kernels are being developed for these unique needs such as the light-
weight kernel.  

 
A catalogue of system calls supported by todays most successful lightweight 

kernels reveals 83 of the 218 system calls found in common HPC full-featured 
operating systems are supported (either natively or by function-shipping to a 
remote node).  Finally, an evaluation of 7 applications/libraries reveals refer-
ences to 78 system calls, 45 of which are satisfied by lightweight kernels. Each 
of these 7 application/libraries could probably be ported to lightweight kernels 
with good results, but to do so might require more effort than the typical new 
platform port.  

 
A desirable operating system would provide all system calls of interest to 

HPC applications while retaining excellent scalability. The Colony project is 
researching novel strategies to enable full-featured Linux to scale to hundreds 
of thousands of nodes with excellent scalability. We are continuing to investi-
gate the needs of HPC applications and to research strategies for improving 
scalability and reduced runtime variability. 
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