1. Introduction to the ECMC Computer Network

(This section last updated August 2007)

The purpose of this introductory section is to assure that all users of the ECet@adivomputer music studio are familiar with-cer

tain basic concepts and terms relating to computer systems digitab audio workstationgcomputer systems used to reakusic).

You may already kner much of this material, and thus may find portions of this section to be a wearisome or tedious read. Be patient,
and if necessary read this material while brushing your teeth or folding ladidtngs quickly will become more challenging.

1.1. ComputerSystems : Hardwae and Software
A computer system is a combination of
1)  physical equipment, calleldardware
and
2) setf coded instructions that argeeuted by the system

These instructions are colleddly calledsoftwae, because thecan easily be changed, updated or replaced
— sometimes as often asveeal times a year — and becauseytican be copied for use on another com-
puter system with compatible hardware and software.

A computer has a fairly limited range of basic capabilities, such as adding, subtracting, multiplying,
dividing, comparing numbers, and keeping track of where information is stbledever, it can perform
these elementary tasks with blinding speed. Each computer operatisnatadmall but finite amount of
time, measured in microseconds (millionths of a second) or nanoseconds (billionths of a s€comd).
puter hardware provides thewaapabilities of a systemubcan do nothing by itself. Software combines
elementary machineycle operations (such as reading, writing and comparing data) into more gomple
instruction sets that accomplish particular tasks.

Operating Systems

The most important piece of sofive of a computer system — the "master program" — igplee-
ating system(OS). Operatingsystems regulate the processingwfmd storage of data, communicate with
peripheral devices (such as disks, tapgedrend printers), and perform lots of other functions, ynah
which are unseen by the usérhe core of an operating system — the code that controls its most basic
functions and capabilities — is fairly small and is calledké&reel. Built on top of the kernel is a much
larger layer of additional software that enable us to issue instructions, regulatevtbédia betweenar-
ious devices connected to the compuaied run applications.

Operating systems in common use today

(1) Microsoft's Windows Nibased operating systems, includingndéwsVista(the current incar

nation ofWwindowg, Windows XPWindows 2000andWindows 2003 server

(2) Unix-based systems, including
0 Macintoshoperating systems beginning wilhac OS Xin which Macintosh graphical
tools and coventions hae keen grafted onto a Unix core
O other proprietarycommercial variants of Unix from vendors such as Sun Microsystems
(Solarig, IBM (AIX) and Hewlett-PackardHP-UX)
O open source Unix clones iboped primarily by volunteers and distributed awlor no
cost, including andsNU Linux FreeBSDand OpenSolarisian open source project span-
sored by Sun)

Older operating systems, such as Microsafifindows 98andME and all versions of the Macin-
toshFinderup through ersion 9.x, were designed to support a single user performing one task at a time,
or, at best, one user switching back and forth betweenwatéesks. Such Becy systems, which are
rapidly disappearing from desktop systems because of their limitations and lack of stmbiligrmed
single usercooperativemultitasking A program can "tal over" the computer and can only be inter
rupted at times when the program "cooperates," or "agrees" to relinquish control of the system.
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By contrast, Unix, an operating system originallwaeped at A & T Bell Labs in the 1970s,
Unix offshoots such as GNU/LinuxEree BSD and Mac OS X, as well as versiong/midowssince the
introduction ofNT in 1993, which incorporate marieatures similar to those found in Unix, are termed
multiusey pre-emptivemultitaskingsystems. These systems can servicerak users simultaneously
Each userin turn, may be wrking simultaneously on twor more concurrent processes. Unless a pro-
gram is badly written, the operating system itself can interrupt and terminate programs when it senses
that they havegone ary. This capability comes at some costweger, as individual programs may run
somavhat slower in a multitasking environment in whichytlaee interrupted more frequentlyHoweve,
given the speed of today’computer processors, and the growing use of computers thatyetamar
more processors, this is rarely an issue.

Operating systems that can suppores# simultaneous tasks, andadver more simultaneous
users, generally emptdime sharingprocedures. Eacprocess shares a portion of the compatime.
Jobs running at a higher system priority reedarger time slices than lower priority jobs, and system
administrators can adjust the priorities afious types of processes. Currendyrajority of computers
today actually can only work on one process at a tilffeis, most time-sharing computer systems actu-
ally are not working on seral jobs simultaneouslybut, rathey are switching back and forth between
these processes. In nyacases the computer is fast enough so that each user feels as though (s)he has the
undivided attention of the processétoweve, computationally or I/O intenge tasks (including man
video and audio applications) can place sufficiently heavy demands upon the prdesssand disks
that the system may not respond as quickly as addMike or reed to user input. This time delay
latency is acritical issue in audio and video applications.

To mitigate processing bottlenecks most higher end computers today incorporate two, four or more
processors runninGMP ("symmetrical multiple processor") soffine. SMPsystems actually camork
on two or more tasks simultaneouslyy dvvying up a compbe task or multiple tasks into subroutines
that run concurrently on separate processors.

Pre-emptive multitaskingneans that the operating system (andviddial users) can issue halt
instructions to programs while thare running. Thus, if a program goes haywire and locks up, a user
can issue an interrupt command and kill the rogue program, and need not perform a systemrshut do
and reboot in order to gain control of the system.

Most MicrosoftWindowssystems, which currently dominate more than 90 % of the desktop (small
computer) market, run oRentium model processors manufactured by the Intel Corporation, or else on
processors such as ti¢hlon models manufactured by the AMD (Aalwced Micro Devices) Corpora-
tion. Suchcomputers often are referred to simply RGs (‘Personal Computers”). More accurately
however, aPCis simply a "desktop"” ("one-user-at-a-time") workstation, as opposed to

» a larger more paverful server or network of servers, which service requests for data or applica-

tions from client computers; a g web site such a@oogleemplo/s thousands of servers that

access a common database

* a portablelaptopor notebooksystem;

» a palm or hand-held PB ("personal digital assistant") device; or

» an embedded"hidden from the user") operating system controllisgme electronic dece,

such as a cellular phone or digital camera.

When sgeral users are logged onto a multiuser computer system and submitting jobs, or when one
user makes inteng@ cemands on a system (such as by loadingymary laige soundfiles into memory
simultaneously), it is possible that there will not be enough RAM (computer memory) to store all of the

1 Technically, the term Linux' refers only to an operating systémmnel developed by Linux Brvolds and a
team of Linux Project programmers. TB&IU (pronounced ga-NOQ) Projectis a non-profit aganization that
supports the delopment of a broad range of open source applications, without which the Linux kewuddl w
be useless. Manusers of GNU software on Linux kernels prefer to call their operating sySftebh Linux In
common usage, aver, the termLinux often is used loosely to refer to all GNU operating system components
running on a Linux kernel. During the pasivfgears usage of GNU Linux software has grown very rapéatigt
GNU software is rapidly replacing more expemrstlosed source proprietary versions of Unix.

For more information on the history of GNU sofive, the Linux kernel, th€PL (General Public License)
under which GNU softare is distributed, and contrasts between open and closed source software paradigms,
seehttp://www.gnu.org/gnu/thegnugiect.html orhttp://web.dodds.net/"hozer/dream.html
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programs and their data simultaneoudlyhen this happens, tl@S"swaps out" (copies) the currengiv

sion ofuserA’s program, which is not beingxecuted at that instant, to a swap area on a system hard
disk. As soon as the operating system decides that it is time to return #&isusergram, the processor
swaps out someone else (or else swaps out another oAgsgocesses) and copies uges program
back into RAM. All of this generally is accomplished automaticaly memory management programs
within the operating system.

For mary users, one of the most important elements that determines their preference for a particu-
lar operating system is itsser interface (sometimes also called dé'sktop evironment). A graphical,
mouse-basedindow manger helps users to find, launch and control program applications by means of
icons, menus and other graphical symbols, to open multiple wsydgach used for a different process or
purpose, to mee back and forth between these windows (and the processeeefiresent), and, some-
times, to "draw" (rather than type in) input data. Such graphical tools cam gmlications more intu-
itive, easier to learn and to negotiate, butytlaso increase systenverhead, slowing don mary tasks.
Additionally, it sometimes is much quicker to type avfeharacters to find a file, to launch a task or to
perform an operation rather than tago#date your way through a series of chatty dialog boxesmoé-
ing menus.

The software library of a computer system containsyn@ongrams A program consists of a
series ofcommandginstructions), and, often, afatato be processedA simple program might tell a
computer processor to add a column of numbers and display the result on a.mdrmitonple pro-
gram, such as a sophisticated sound synthesis algorithm, might include thousavets rilliens of
individual instructions (manof which may be repetite), and might launch magrsubroutines or other
programs necessary to complete the main program.

A program is often wrked out initially as amlgorithm — a generalized sequence of procedures
that might be expressed in terms of a graphic diagram or in plain Englighrithms are often likned
to recipes or formulas. "Classical" frequgrmoodulation, in which the frequepof an aidio oscillator
is varied periodically by another audio signal to produce either vibrato or a more gdinihee, is an
example of an algorithmA programis a specific implementation of an algorithm, written by means of
the cowentions and tools provided by a particular programming languAgarogram can be written (1)
in a particular compiler language, suchG4d.isp, Rscalor the music compile€sound,or (2) by com-
bining a series of general purpose utility operationyigeal by the operating system, or else (3) in a
graphical programming environment, such as the musical applicAiaXandPD.

1.2. DataRepresentation; ASCII and binary files

Computers deal only with numbers. When we type in a command on a computer terminal
keyboard, the terminal calrts what we type intd\SCIl code, a digital representation of alphabetical,
numerical and special charactérs.

Using atext editing(or word processing program, we can type information or data into an ASCII
file (document) that is stored on a disk connected to the confpiteASCII file might contain a lee
letter or a shopping list. Keever, it might instead contain a program — a series of commands that we
wish to &ecute in sequence. In Unix-based operating systemsy shamter ASCIl program files are
called shell scripts because the are interpreted andxecuted by a program called ahell which
includes man built-in commands. The script file includesykword commands that the shell recognizes
and can gecute. Cross-platfornprogramming and scripting languages suchJaga, Perl and Python
sometimes work in a manner similar to Unix shell scripts, butvatle script to be run on computers
employing different operating systems.

A shell, Perl or Pythonscript runs comparatgly slowly, and such scripts generally are used only
for fairly simple tasks. Compkeprograms, especially thoseviolving repetitve gerations, rundster if
they are coded into the machine language that is unique to the architecture of a particular type of

2 Examples of "special" characters include * (asterisk), # (pound sign), / (slash) and \ (backslagacehe
characterthecontrol, alt, deletendescapecharacters, and functioreys.

3 However, by default mary word processing programs, such as Microsoffiard (and its baby sibling
Wadpad), do not see text input inASCIIformat, but rather in in a proprietary format that can only be read by
the application and by compatible applications.
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computer.

A compileris a large program that cearts ASCII code (instructions) intoxecutable machine
code. The programmer edits an AS&tluice codefile with a text editgrand then runs this source file
through the compiler to produce areeutable machine code file. Th&eeutablebinary data in this
machine code file cannot be wied directly Source code files can be copied from one computer to
anothey but must be compiled into axeeutable binary file on the nesystem before thecan be used.
Many types of rav data processed by computers, including the representation of sounds and video
images, also are stored in binary (nonaable) rather than ASCII format. The most commonly used
compiler language i€, which comes in various fars (e.g.C++, the open sourc6CCand Microsofts
CH).

The termapplicationrefers to a bundled package of one or more relatedutable (binary) pro-
grams and graphical user interfacdGUI) through which the user can control the program(s) with
mouse mwements and &yboard input. An application can be either commerciavdldped and sold by
a ftware compay for profit), freevare (distributed at no cost) or shavere (distributed at nominal
cost, often between $20 and $100).

Actually, the termfree softwareéhas two distinct meanings:

* "free beer" : the software isalable at no cost; and

« "free speech,"” oopen souwe software : the compiled binary software, whether provided at no
cost or sold for profit, is praded along with complete source code. Users can look at this source
code to determine exactly Wwaa program is verking, and can alter and re-compile the program in
order to fix bugs or to custom tailor the program to their own needs or preferences.

Microsoft's Windows Office and other software, the Macintosh OS, commercial distributions of
Unix and commercial musical applications suctCabaseLogic andMax/MSPare examples of propri-
etary software. Users purchase the safenfor use on a single machine, or purchase a site license to run
the software on a gén number of machines, or for a specific number ofvittlial users. Various protec-
tion schemes, such as hardware dongles (yuck!) or challenge-and-response codes are employed to protect
the softvare from been installed and used simultaneously varaesystems. Some vendors empéven
more restrictie licensing schemes in which users "lease" rather than "buy" software, and must commit to
future upgrade fees in order to keep the software fully functional and up-to-date.

Open source softare has none of these restrictions. A majority of open source software, including
GNU Linux and most of the music softwaneitable on the ECMC Linux systems, as well as some pro-
grams that also run onilows and Macintosh systems (ekrefox, Csoundand Audacity) is licensed
for use under someaviant of theGeneal Public LicensgGPL),* which gives wsers broad rights to use,
alter and redistribute the software.

However, some "no cost" ("free beer") softwe is proprietary rather than open source. Binaries to
the Csound score pre-processoorel] for example, can be obtained from Aleck Brinkman, author of
the program, without chge. Brinkman maintains personal control of this programyeaer, and will
not provide source code or allaisers to redistribute his progranm@ther examples of proprietary free-
ware on ECMC Linux systems includegen an dternatve, cross-platform Csound score pre-processor
developed by ECMC alumnus Mét Kuehn, andvVspace a ound spatialization program written by
Richard Furse.

The Binary Number System

Computers wrk with several types of numbersintegers or "fixed point numbers," are whole
numbers, without a written decimal point. 1, 163 and 154@uldvbe &amples.Floating pointhumbers
(also calledreal numbers offloaty include a fractional part to the right of a decimal point, such as
3.1415, 7.0 or .33.

Computers are constructed from electrical and magnetic components. The simplest (and therefore
fastest) types of electrical and magnetic switches useful for representing different vakiealhdawo
possible states. A computer memory cell may be conducting electricity ("on") or not conducting it
("off"). A magnetic deice may be magnetized in one direction, or in the opposite direction. Thus, all of

4 For more information on th&eneral Public Licensseehttp://www.gnu.org/copyleft/gpl.html
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the processing and memory components of a computer system may be thought ofpasition
switches. The switching rate (controlled by an internal "clock,” and measured bgfotthispeed is

extremely fast, but each switch is in one state or the other wheaesading is taken.

Digital circuits are not well suited to decimal ("ten-position”) representation @férdeand floats,
but rather to a binary (base &y number system. A single "ontadwitch" contains oneit (short for
binary digt) of information, represented by either the charattéion™) or by a0 ("off"). The binary
number system is based on thevpoof-two series It takes manbits to represent most numbers. The

more bits that arevailable, the greater the range of quantities that can be represented, or the finer (more

precise) the resolution of these quantities.

With sixteen bits, representation of 65,535 discretggertguantities is possible, as illustrated in
the following table. The pmer-of-two values in this table (for@mple,2["n]) should be read a2 to the

nth, or
n
2
Power-of-two  Intger equivalent 16bit representation
2[0] 1 0000 0000 0000 0001
2[1] 2 0000 0000 0000 001p
2[2] 4 0000 0000 0000 010P
2["3] 8 0000 0000 0000 100D
2[°4] 16 0000 0000 0001 000P
2['5] 32 0000 0000 0010 000p
2[°6] 64 0000 0000 0100 000P
2[°7] 128 0000 0000 1000 000P
2[°8] 256 0000 0001 0000 000P
2[9] 512 0000 0010 0000 000P
2["10] 10240r 1 k 0000 0100 0000 00Q0
2["11] 2048or 2 k 0000 1000 0000 0000
2["12] 40960r 4 k 0001 0000 0000 00Q0
2["13] 81920r 8 k 0010 0000 0000 0000
2["14] 16384or 16 k 0100 0000 0000 0000
2["15] 327680r 32 k 1000 0000 0000 0040
2["15] 655350r 64 k 1111 1117111111111

Within the right-hand columnl§ bit representatiopof this table, thdeast significant bi{repre-
senting the smallest quantity) is to the far right, whilertiest significant bi{frepresenting the lgest
quantity) is to the far left. Each bit, from theast significanto themost significantrepresents a succes-

sively higher power of tw. Note that the least significant bit is 2["0] (representing either a one or a zero)
rather than 2["1].

Often, as in the digital representation of sound, one bit is used as a sigiwv€pmsiggdive) bit,
resulting in a scale of 16 bit integealues between + 32767 and - 3278&8ith 24 bits we can represent
about 16.8 million discrete values, and integers between 8,388,607 and -8,388,608.

Floating point calculations typically are carried out on 32 litds (or on 64 ht systems, on 64
bit words). The bits may be used to represent quantities betiveed1.0, or (as with audio samples)
between-1.0 and+1.0, or any abitrary scaling. Float" (floating point) mathematical operationdeuf
significantly greater resolution (precision), butdddnger to &ecute.

Bytes and Words

A byte is a unit of eight bits.Thebit representationin the table abee each consist of te bytes.
A single alpha-numeric (ASCII) charactauch as the lettes or the digit3, is represented and stored as
one byte of data.

The basic unit of bits in which a computeonks is called avord. Word size varies on didrent
computer processors, in\ers-of-two, from as fev as 8 lits (on some hand-held electronicvites),
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through 32 bits (the most commorord size today) up to 64 (oon Ksme "supercomputers,ven 128)

bits. In general, the more werful the computerthe larger the word size. All of the ECMC computers
employ a 32 bt (4 byte) word size Registers where arithmetic and logical operations are performed, and
memory registers where data is stored, contain 32 bits, which are updated simultaheously.

In your own work, you will be pnading data in familiar decimal and integer numbers. These will

be translated by compilers and applications into the binary form necessaxgdatian.

1.3. Hardware overview of the ECMC computer systems

1)

2)

3)

4)

5)

The basic hardware components of a computer system include:

Thecomputer itself, which consists of one or more processor chips, various type of mamdory
some type of data communications system or path (usually one or more buss wires), all located on
the primary circuit board of the computer called thetherboard

Additional processing chips or circuit boards, usually fitted into backplane slots, that perform spe-
cialized functions, such as graphics acceleration, audio or video processing, aotk cetwmu-
nications

Massstorage deices, used for permanent or temporary storage of data that is not currently in use,
or that will not fit in the computes’RAM memory unit. These devices include

« disk drives, in various formats, including:
O "hard" disk drves, which emplg a "fixed" (non-remuaable) disk with a lage storage
capacity measured today igigabytegbillions of bytes, abbrgated GB) or, on some multi-
ple-disk high-end systems, inerabytes (trillions of bytes, abbrdated TB), or esen
petabytes
0 storage devices that use portable (reabte), smaller capacity discs or other types of
storage media, such as CIBR, CDR and CDRV compact disc dues, DVD ("digital \er-
satile disk") dwves, Zip drives, "floppy" disk dwes and, more recentlyflash and "pen”
drives

« digital tape dwes, which come in various formats, including 4 AT data drves, and which

today are used almost exchety on large server systems

"Peripheral“input/output (I/O) devices, which enable us to communicate with the system, issue
commands, receé pogram output, and perform specialized functioBsich devices includeer-
minals (which include a monitorkeyboard and mouse), sound cards or audioveters, MIDI
interfaces, printers, scanners, FAX units, projectors, and digital cameras and camcorders.

Network connections that enable a computer to communicate with other computer systems
The Eastman Computer Music Center includes three studios (rooms 52, 53 and 54) with a cross

platform network of Linux, Macintosh andiddowns computer systems, eachvded to particular tasks.

In previous editions of thigsers’ Guidel provided a tabular listing of the hardware on all of the princi-

pal ECMC computer systems, including processor type and speed, hard disk capacity and other "vital
statistics." ©day howeve, we ae dealing with commodity hardwe. W frequently upgrade the hard-

ware of the ECMC computers, installing morewsoful processors, larger disks andanperipheral
devices. \& dmetimes mee dsks and peripheral devices, such aglDdrives and printers, from one

host system to anotheand esen change the operating system of some of our computers between Linux
and Windows as our needs changAs a result, it has become impossible to keep a tabular listing cur

rent.

| Room 52 : The Linux sound studio \

This studio is optimized for advanced software-based sound synthesis, signal processing, recording and
mixing. Theprincipal computer for these purposes, on which you perform most of your work, is

* A powerful Athlon dual process@MPworkstation, runningsNU Linuxsoftware, with the host
name

5 Even on a 32 bit system, "double-precision” words of 64 bits (8 bytes) sometimes can be used for the repre-
sentation of very large and very small gees or floating point numbersiowever, such operations run sier
on a 32 bit system than on a 64 bit system.
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madking.esm.rochester.ednd the network IP address 128.151.112.9
This sound studio also contains
 a Windows XP workstation named gesualdo.esm.rochester.edwith the network IP
128.151.112.005.
This Windows machine supplements sound productionr@uking providing commercial audio soft-
ware that is unaailable on the Linux system. As of this writing the most frequently used applications on
gesualdoinclude
O discwelder Chromeused to author and burn DVD-Audio discs
O resample: an gplication that coverts soundfiles between different sampling rates and bit
depths
O Veas: an gplication used for creating video/audio productions, and for recording and mixing
audio soundfiles; the version Wéas on gesualdoalso includes authoring software for creating
video/audio DVD-V discs

| Room 54 : The MIDI studio \
This studio is optimized for real-time MIDI applications, including audio and MIDI sequencing, interac-
tive MIDI applications such aBD, and live performances wolving hardware and software synthesizers.
This studio, too, provides twcomputers for use:
* a MacintoshMac Pio known as wozzeck.esm.rochester.eatith the network IP address
128.151.112.1, used to run Macintosh audio sarféwsuch aMax/MSRE Cubase SXReaktor and
other Natve Instruments sampler and synthesis softwareSarpr Collider 3
* aWindows XPPC with the host namigor.esm.rochester.edand the network IP 128.151.112.3,
used to run similar software (e..ubase SXnd Reaktor) on Windows.
The Mac and Whdows boxes in room 54 are neivked, of course, and often are used in together in the
creation of a project. df example, a Cubase sequencing project running on one of these systems may
include sounds produced by a software synthesis application running on the other system.

| Room 53 : The middle studio \
The middle studio is our computer hardware roobhe computers used in rooms 52 and 54, along with
all of their peripheralsxept for monitors, &boards and mice, actually are located remotely in room 53
in order to minimize noise in the tasound studios. Room 53 also containgesal additional computer
systems and peripherals, and thus can be a rather noisy place. ECMC useysherlailiary comput-
ers in the middle studio for general purpose and utility computing functions, such as exitfilgstand
documents (like this one), making copies of CD and DVD discs, reading e-mail and newsgroups, using
internet resources such as web browserssahdacking up data, editing soundfiles oonking on audio
applications while someone else is using room 52 or 54, and reading printed documents and the ECMC
collection of books and journals (which musvedeave the studios). As of this writing this room con-
tains the following computer systems:
* a Linux workstation with the host nanseund.esm.rochester.edod IP number 128.151.112.7.
* a Windows XP workstation with the host nanfary.esm.rochesteredand IP number
128.151.112.003.
You can use these twsystems for burning and copying compact discs, for web browsing, reading
your email and similar tasks not directly related to your compositional work in the studios.
By the time you read this, one of these twachines may hee been replaced by a Mag4 for-
merly used in the MIDI studio.
* aLinux sener with the host naméulu.ecmc.rochester.eduThis system is the ECMC web
server handling requests from anywhere in therid for access to the ECMC web pages. You will
not have login access to this system.
* a Linux developmensystem, used by stahembers for testing and debuggingwner updated
software before it is installed omadking and for maintaining the ECMQurnkey software pack-
age
* a Linux system that is useadusively as sound seer for the playback of 8 channel soundfiles
in room 52. You will not hae drect login access to this machine, which is discussed more fully
within section 3.
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Please note that you shoudver tie up either the MIDI or Linux sound studios (rooms 54 and
52) with non-music related taskssuch as web browsing or reading emdilways use the machines in
room 53 for such purposes. Additionaljpu should not try to reconfigure\ aBCMC system, ngmwith-
out permission from a sfafember install aty software or download large files. If you wish to use
machinesoundor machinefury to male a emporarysmall download, copthis download immediately
to some remeable media (e.g. to a cd, dvd or flashvdyiand then delete it from the ECMC system.

Two additional ECMC laptop computers, a Dell model 8200 witindéivs XP and Linux
installed, and a Macintosh WerBook, also arevailable, but for security reasons there not kept on
line and are lockedveay in a cabinet. These portable systems are used for remote recording and play-
back functions imolving ECMC users.

Room 53 also contains a wireless natkvswitch and access point (discussed later) and a net-
worked HP 8000N printer. Files and documents created on all ECMC computers (except the laptop)
with page sizes up to 11x17 inches can be printed out on the heawyRIptinter.

Our Linux and Macintosh systems function not only as client machines on the internet, but also as
seners, and assuring netwk security for these systems is among our paramount concerns and problems.
The ECMC Whdows systems, by contrast, do novbdaerver software installed, and can function only
as client systems on the internétowever, because viruses, trojans and otherwaad are so prelent
on Windows systems, security concerns are critically important on ECMC Windows machines.

Owing to some limitations in the user manager software of dndds and Macintosh systems
you generally should naty to log of or log on to the ECMC Wdows and Mac machinefRather we
keep a single, generic user account namaehcactive dmost all the time on these systemswiéaer,
users should s& documents to their own individual folder§or corvenience, we currently keep a simi-
lar generic user account running continuously on Linux mactoonad and you need not log on nor log
off this machine. On the Linux systemadking by contrast, you mudbg in to your evn account before
you can access the system and you must logleén you are done. Failure to do so wilMeaour files
accessible to anyone, and also could compromise the security of these systems.

Students taking theAdvanced Computer Musiclass (CMP 421-2) generally will bevgn
accounts on the wvsystems in room 52njadkingandgesualdg, and also, if requested, on theotMIDI
studio computer systemwd@zzeclandigor), and also are free to useundandfury in room 53 for rou-
tine computing tasks.

1.4. Amore detailed look at computer hardware

The Computer : CPU, memory and data I/O system
A computer motherboardholds three primary components:
1)  oneor more central processing and control units (abbrevia®ids)
2)  memoryregisters, where instructions and data currently in use are stored

3) busswires, along which data is transferred between the CPU , RAM, cache memory and other
devices

In addition to theCPU itself, additional chipSor circuit-board cards connected to a buss often handle
specialized functions, such as video and audio processingyrketannections and controllers for disk
drives and other devices.

The CPU controls the operation of all of the harahe of a system, much as the human braijn+e
lates all of our body systems. Among the primary characteristics of a computer are its speed, its memory
and word sizes, and the speed of its I/O (input/output) data transfers with aticesdé& heseletermine
the execution time for programs (including which types of operations can be performed in real time), as
well as the complexity of operations that can be performed, and the number of simultaneous processes
that can be supported before the systerwslm a crawl. Audio signal processing is among the more

6 Chips" are intgrated circuits — electrical components, etched onto a small piece of silicon, designed to
perform specific types of operations.
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taxing jobs that a computer can be asked to perform, often requiring millions of computations to create a
few seconds of sound, or lge amounts of data transfer for the playing, recording, processing and mixing
of sounds.Video applications such as image processing pleee geeater demands upon a computer
system.

The CPU performs ingeer or floating point mathematical operations required by progrémbs:
ger arithmetic is much faster for computers (as it is for people) than floating point calculatfmns.
speed of a computer system can be measured/énab@ays. Onepreliminary — but sometimes mis-
leading — indication is the waclock speed of the CPU, measured in gigahertz (GHz) or (on older
machines) in ngehertz (MHz). Dday clock speeds of between about 1 and 3.6 GHz are common.
However, the totalthroughput(time required to complete a task) of a system is also affected by man
other factors, including

« the efficieng of machine cycle operatiorfsand of the operating system

* the speed of a computerl/O buss interfaces, through which data is transferred between the

CPU, RAM and various devices; on machines with nedtislow buses, a CPU may spend much

of its time cycling idly waiting for data to be sent to or reesl from other devices

* the speed and transfer rates of the disks and peripheral devices themselves

* optimizations built into a system for particular tasks.

As noted earlierSymmetrical multiple pcesson(SMBP systems, currently ranging from mother
boards with tw, four or eight CPUs on desktop systems up to banks of 128 or more processors on some
"enterprise" class servers, are becoming increasingly commadkingandwozzeckthe Mac Pio in the
MIDI studio, hare twvo CPUs. Currentlyal of the other ECMC systems empla sngle CPU.

Computers with tw or more processors will prade noticeably better performance than a compa-
rable single processor system whei v more programs are run simultaneousfipweve, when a sin-
gle large application such &ubase Ardour or Pro Toolsis being used, the additional processor(s) will
provide only a marginal performance boost unless the application has been specifically written and con-
figured to tak advantage of aailable parallel processing. Most audio applications do not yeerdék
cient use of multiple processors.

Pat of being a smart power user is knowing the hardware and software capabilities of the system
you are using. On an SMP machine sucmadking you generally can run mvprocessor-intense jobs
(such as sound synthesis and audio mixing) simultanedsly dower single-processor machine it usu-
ally will be more efficient to run these dvjobs in succession.

When we issue a command to a computer to run a particular program, the code (instructions) for
the program is read into the compuseremory from a disk file. When all of the primary instructions
and preliminary data necessary to run the prograve baen entered into memore program is ready
for execution or compilation, One by one, the instructions are transferred from memory to the CPU and
executed. The results are then written back into the memory umgractiveapplications, such asosd
processors, soundfile editors and MIDI sequencersyal®to ssue instructions and to enter or alter
data while the application is running.

Only user programs and system processes, and their data, that are currently being run are stored in
memory The memory unit of a computer is often referred toR#gM ("random access memory"),
because the CPU can accesgmemory register as quickly asyaather rejister RAM sizes today ary
between 512 MB and eeral terabytes on large sems. Inaddition to RAM, most computer systems
today include a smafirimary catie memory and one or tw larger 512 KB to 4 MBevel2(L2) cache
memory chips, which store frequently or repedty accessed instructions within a program, or recently
accessed data, or data likely to be accessed soon. Caching operatwhs pravide a much greater
performance increase for some programs than for othieraddition to RAM and cach&RAM (video
RAM) memory chips ranging from 8 to 64 MB are enyad on graphics cards and video adapters to
accelerate graphical displays and video processing operations).

Computer memory (RAM) has become reldf cheap during the pastvieyears, and all of the
ECMC music production systemsvead least one gigabyte (1 GB) of RAMAt the same time,

"for example, some CPU architectures can accomplish somewhat "nook& w a given number of
machine cycles than other processor designs
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however, mary operating systems and graphical software applicatione ga@wn much lager, some-
times with ineficient, poorly written code and withver more features and options (some of which are
rarely used) — a phenomenon callétbatware'. Larger, "feature-rich" applications require more mem-
ory as well as more processingy®. As a lesult, it is rare — although by no means impossible — for
ECMC users to exceed that RAM capacity of a system.

All types of computer memory are volatile. If a system "crashes," either from a hardware or soft-
ware malfunction or from a loss of per, everything in memory — een the operating system — is lost,
and must be re-loaded from disk or cd-rom or by some other method. This isbaitat(or, after a
crashrebooting a g/stem.

Data transfer formats

The operation of each peripheralie in a computer system (such as a hard disk, printer or audio
card) is controlled by aevice driver program and in some cases also by a circuit boardroller.
Devices come in ariousformats which determine he data is transferred between the device and the
computer Common formats todayn gpproximate order from slowest to fastest, include:

* IDE : old and slow; no longer used

» EIDE : a faster "enhanced'IDE format, used on most PC systems, bu mpadually being

replaced bySATA drives

» SCSI("Small ComputerSystemd nterfacé) formats, which typically preide better performance

and noticeably better reliability (usually carrying a three yemranty as opposed to the one year

warranty nav standard on EIDE disks)However, SCSI disks hae gnaller capacities and are
more expensk, and thus are used on servers more often than on workstations.

» ATA and, more recenth\SATA (Serial ATA) and SATA2; high quality SAA disk drives dfer per

formance that approaches or equals that of high quality SCSI digkat ess cosiSATA2 disk

drives havereplaced the preceding disk formats on ynaew workstation systems.

Two newer data transfer formats, introduced in 1998, inclW&B and IEEE-1394(also called
"FireWire", especially on Mac systems].he originalUSBformat was comparafgly slow but inexpen-
sive and ery easy to install and uséSBdevices can be "hot swapped" (connected to, or disconnected
from, a computer system while the computer is up and runnid§B?2 offers significantly enhanced
bandwidth (input/output speed), but in owperience remains problematic for some audio inte$.
"FireWire" format combines similar ceenience with much greater speed, but is moggeasve than
USB

Storage devices: internal, external and remeable disks, USB flash devices, CD and DVD discs

A disk or tape device can be mounted eitlrgernally, within a drive bay within the case of the
computey or dse exernally, in a metal box connected by a cable to a port on the comp@ee or
more "hard" disk drives form the primary bulk storage devices on most computer systénisward”
(non-remeable) disk drive is a 'turntable” that spins a three and a half inch magnetically coating disk
rapidly at speeds ranging today between 5400, 7200, 10,000 and 15,000 rpm. While the disk is spinning,
movable read-write heads read and/or write data to and from the disk. Data fygmoianhon a disk can
be located, accessed and read approximately as quickly as data frathempoint. Thus disks, l&
RAM memory are "random access" devices, as opposed to "sequential access" degiegadik dive.
Besides its rotational speed, important characteristics of a digkidciude its
* storage capacity: generally between 40 GB and about 1 terabyte (1000 GB) today
» seek timehow long, on @erage, it tak the drive 0 access a particular location on a disk; seek
times of between fevand nine milliseconds are common on high qualityefioday
* transfer mte how much data can be read from or written to the disk in a second; current formats
theoretically can achie tansfer rates up to 80 mabits or more per second, although actual
throughput rates alays are somewhat lower.
* reliability
* noise; some dvies "chatter" a lot when reading or writing data and "hum" or whine while spin-
ning — highly undesirable characteristics within an audio environment

Seek times and transfer rates become particularly important in applications such as real-time audio
mixing of soundfiles, where the disk \kinmust read simultaneously fromveeal soundfiles scattered at
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various points on the disk. Disk d@ss with rotational speeds of 5400 rpm can read (playback) or write
(record) only three or four audio tracks simultanequahich is not sufficient for professional audio use.
Disks rotating at 7200 rpm generally can handle 12 or more audio channels simultaneously.

When a disk fills up to 90 % or more of its capadites — especially large files, koundfiles
— become highly fragmented, split up into small chunksaaibus locations on the disk. When this hap-
pens, system performance begins to suffer — jobs that read from or write to the didanigdr to
execute, and real-time audio applications may include hiccups, clicks and athagg within the sound
when data is not recasd in time.

The hard disks of Widows and Macintosh systems should be defragmented periodically with a
defragmentation program. The disk management and journaling file systems sutShaasl ReiserFS
of Linux computers accomplish disk defragmentation continuously and automasacaillys rot neces-
sary to perform this task manually.

Large capacity portablexeernal USB2 and IEEE-1394 disk dgs that can be easily connected to
and then disconnected rom a running computer (without the need to reboatjyarseful for backing
up larger files and entire projects and for accessing occasionally-used data not permanently stored on the
systems internal hard drvies.

Most computer systems today are configuredutmmountJSB and Firewire devices within awe
seconds, automaticalimounting(connecting) the data on the device to the filesystem for immediate use.
When the device is disconnected or powered down the system then will automaticadlyntit. Such
hot plugging is very corenient for the user (who does not need to dgtleing before or after using the
device), hut it does increase systermethead and degrade system performance somewhat because the
system must continually poll (monitor) the status of the external ports. Sometimes system administrators
will choose to turn dfautopolling of USB, IEEE-1394, cd, dvd and other ports and devices in cases
where system performance is critical, as in the fierformance of a computer piece, or if a slower sys-
tem is being used for computationally interesiasks. In such cases, users must manually mount the
device before it can be used, then manually unmount it after us@ith@ossible file system corruption.

Removable storage deices: Older types of remable disk drves, which enable users to insert
and eject portable disks into awdioffer less capacity and speed thaedixisk dwes. Smallthree and
a half inch "floppy" disks (which for more than twenty yearsdnaot been "flopg,” or "bendable") can
store only a small amount of data (usually 1.4 Mbytes), and for this reason are rarely usedrdoday
several years the lonmga ompanys 100, 250 and 750 MB mod&lip drives were the dominant type of
removal disk drive a personal computer system3oday, howeve, the cheap cost of cd and dvd disc
drives and media, and of USBashdrives and swappable external hard diskved, hae made reme-
able disk drves such as theZip and flopgy disk pretty much obsolete.

USB flash drives ae small, lightweight, ingpensve permanent storage devices that currently can
store between 32 MB and 64 GB of data. Capacities between 1 GB and 4 GB are most déaghon.
drives generally are hot swappable, and can be connected to and disconnected from a USB port on the
computer case while the computer is running. If USB automounting is enabled on the systemethe dri
fill be attached to the file system automatically withinwa $econds and becomeailable for use. (If
automounting is not enabled, the user will need to mount the flash stick before use and then unmount it
after use.Flashdrives, covered in more detail within Section 5, are an excellent way to back up & day’
work and to cop and transfer data between computer systems, and | recommend that you purchase a
flash drive for use on ECMC systems. Note wwer, that because of their reletly modest storage
capacityflashdrives ae not suitable for archiving mamarge soundfiles.

CD and DVD drives: cd-rom disc dnes (note the spelling heredisc," not "disk™) are similar in
design to audio cd playersxaept that the discs most often store standard computer ASCII and binary
file data rather than audio samples. Timn" in the deice name indicates that the discs areationly
media": users can read data from the disasnbt write to them. Thus, cd-rom discs are used today pri-
marily for the distribution of commercial sofane. Havever, with appropriate software applications cd-
rom drives dso can be used to play audio cds through the compwetio system. Standard compact
discs hae a apacity of about 650 MB of data (800 MB capacity discs alsoaitalale) or about 74
minutes of 44.1k stereo audio.
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cdr "burners," &ailable on most of the ECMC systems, arevelithat enable us to write (create)
data on cd discs as well as to read (or play) these digdcdiscs can be written only once, and usually
only in one continuous pass. Data on the disc cannot be erased, altered or (usually) appended, and if
something goes wrong during a recording the disc asthhess. Thecost of quality cdr media has
dropped to less fifty cents per disc when purchased in spindles of 25, 50 or 100 disasrHewae
of the un&en quality of some super-cheap no-name CD and DVD discs.

Re-writablecd drives and discs, calleddrw, allow one to awerwrite the data on a disc (to reuse the
disc). Allrecently manufactured cd burners can read and write tocblotimdcdrw discs.

DVD drives, introduced in 1999, read frodvd ("digital versatile disc") platters, which are the
same size as compact discs but store much more Hat@ome strange reason, the capacities ¥DD
discs are measured & bytes(1000 bytes) rather thagigabytes(GB, or 1024 bytes). Thus & byte
equals .97GB.

Currently most DVD discs hee a @pacity of 4.7 G bytes (equal to 4.58 GB), more than six times
the capacity of a cd). Double layer 8.5 G byte DVD discs also awveawmalable, and DVD capacity
evantually is scheduled to increase to 17 G bytes. The laser pits ¥DadBc are much smaller and
pacled more closely together than the pits on a &dDrives can read cd discs, but cd % cannot
read the more densely packed dvd discs.

There are seeral types of DVD formats, including:

» DVD-ROM: Like cd-romdrives, dvd-romdrives can only read discs, not write to them. On com-
puter systems these des havelargely been superseded #and+R writable format dnes.

» DVD -R/-RW: Like cdr/rw drives, dvd-r format allows users to write either to permaneny ¢r

to erasable, re-usablenf) discs. This is the most common dvd format todsd-r video/audio
discs can be read by most standalone dvd decks used within professional and home entertainment
systems, and this is the orftyrmat that should be used when creafi-A (audio) discs.

* DVD +R/+RW: This is an alternate format to-R that offers some performance advantages — in
particular faster writing. Ier this reason +R and ¥Rformats hae become the most common for
mats for data backup, but not for video and audiDB, where -R format still provides greater
compatibility with all types of DVD playback des.

Most dvd drves manufactured since 2003 can read and write dvd discs in #HRWand in
+R/+RW formats, as well asdr and cdrw discs. Morespecific information on usinglvd/cddrives in
the ECMC studios is included within section 5 of ti&sers’ Guide

Video Monitors

Video I/O devices for interagg wse with a computer ka raditionally been calleterminals and
today include a video display monitax keyboard and a mouse (or a touchpad, trackball or similar
"point-and-click" selection déce). Duringthe 1980s and early to mid 1990s ECMC Unix systems usu-
ally included twp or three terminals, and wor three users often logged on simultaneously to these sys-
tems. For the past decadewmger, each of our computers has included a single terminal, although it is
possible to log on remotely to most of our systems from other computers.

For mary years the most common type of video displays wer& @&thode ray tube) monitors,
which come in sizes between 14 and 30 inches (measured diagaltiatiygh the actual viewing size
always is slightly smaller).Laptop and notebook computers typically contain smdligtter (and often
somavhat dimmer) LCD (liquid crystal diode) monitor&lat panel LCD monitors are rapidly replacing
CRT monitors on desktop systems as well. Although still slightly mapeesve than conentional CR
monitors, flat panel models introduce less visual distortion around the edgesiptddss room, are
lighter and more portable and are less likely to induce noise into nearby audio circuits. For these reasons,
all of the music production systems in the ECMC studios eyripdd panel LCD monitors, usually at a
resolution of 1280x1024 pels. (Apixelis one dot on the monitor displgaySomehigh resolution moni-
tors, used mostly for video and CAD (computer-assisted design) work can provide displays up to
1600x1280 resolution owven higher.

Sound cards and audio interfaces
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Sounds are recorded and stored as binary data files. The data contains thousands or millions of
numbers. W cannot hear these numbers directdf course. All digital audio playback applications and
components requiredigital-to-analay converter (DAC), which corverts the number stream into a corre-
sponding electrical (analog) voltage signal that is sent tav@pamplifier and loudspeak An analog-
to-digital converter (ADC)erforms an opposite function, taking a reading of the voltage & an
audio signal at regulavery short time intervals, and producing a corresponding stream of humbers.

The motherboards of mgmwomputers include an on board sound chip that performs digital to ana-
log corversion, but the audio quality of such chips is not adequate for professional quality auklio w
Sound cards fitted into a PCI, USB, Riree or other slot in the computer backplane can provide better
audio qualitybut sometimes stdr from noise induced by switching transients from the motherboard and
other cards within the computer enclosure. Externav@ters and audio interfaces that include et
ers, situated outside the computer and usually connected to a signal routing card within the computer
backplane, generally pviwe a quieter environment for audio processing and provide better cabling
options. TheECMC music production systems empkmix of high quality soundcards and companion
external interface boxes manufactured by the German RME corporatioDedted 1010models manu-
factured by the M-Audio compan

1.5. ComputerNetworks

Until the early 1970s almost all computing was done agelanainframe computer systems, often
with twenty or more terminals. Users had access to a large data baswekiduring periods of hesy
use (which oftenx@ended through most of the twenty-four hours), such systems sometimes slowed to a
crawl servicing so mayusers and processes. During the mid 1970s, smbdkes &pensve mini-com-
puter systems were widely usedygically, a mni-computer system could service betweewn td five
simultaneous users, and myamere dedicated to particular tasks (such as making music). Temple
ment of still smaller and cheapericrocomputersn the years around 1980 led to the advent ofpee-
sive dngle-user personal computing systems, such as the early IBM PC (running early versions of
Microsoft's DOSand thenNindowson Intel processors) and Apple Macintosh, as well as microcomputer
systems manufactured by Atari, Amiga, Commodore, NeXT and other hardware vendors.

During the mid 1980s attempts to combine theaathges of mainframe computing (access to
large data bases and storage capacity), with those of personal computers (fast response time and con-
venience for individual users) led to thevelpment ofdistributed computing systenaser computer
networks In alocal area network (LAN)one computer may act asfie server or host servicing
requests from seral client workstation computers for access to disks, printers and other peripheral
devices, or else for files, programs and other types of serviee=ed from the need to control all of
these devices and services, each client CPU oan dinost undivided attention to user processes.
Groups ofLANSs, in turn, can be connected into Brtended Local Area network (ELAMch as the
University of Rochester netwvk, which then are connected to theernet a world wide "network of net-
works."

The ECMC systems are connected by networking hardware and software, comptigiNgvéh
the internet domain namesm.rochester.eduHoweve, there currently is no file server machine on our
LAN. Rather each of our computers is self-§iafent, within its own hard disks and complete, self-con-
tained file system. All ECMC computers also are connected by aasriotal 1 Gbit Ethernet system,
which in turn connects to a slower 100 base T Ethernet system that services all of Eastman, then by
routers and fiber optic cabling to the U. of R. ELAN, and, via U. ofafgy machines, to the internet.
We wse U. of R. servers agaigways to access web and email sites, and for a variety of otheonketw
functions.

ECMC Linux systemulu functions as our network web servnot only for our evn users, but also
for users across the internet who wish to access the ECMC web gdagieg this same netwking
hardware and softare, ECMC users can log on toyasf our computers from gnother ECMC com-
puter (for example, logging on to their Linmxadkingdirectories while working on Wdows machine
fury in room 53 or the Mac systemozzeckn the MIDI studio). Additionallyusing the samsshbased
applications, you can log on our Linux and Mac systems remdtety ary computer connected to the
internet that hasshsoftware, and also cgpiles back and forth between local and remote systems.
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Wireless networkswhich transmit data by micwave transmission through the air (the same basic
technology as cellular phones) are becoming increasingly common becausbntireate cables. The
ECMC studios include a D Linkve port wireless switcand a companion D Linccess poinin room
53 that we use to connect some of our computers to the ECMC LAN. ECMC users are welcome to bring
their personal laptop or notebook computers into the studios and connect them to the ECMC LAN.
Before you can do this, h@ver, you must hae gpropriate wireless networking hardware and safav
installed on your computeand for security and practical reasons you must register some information
about your computer with the Eastmaechnology and Music Production (TMP) technicians who sup-
port wireless access to various computer systems within the School. Call one of the TMP desktop sup-
port consultants at 274-1160 or 274-1161 to register your compatesee an ECMC sfainember to
obtain the appropriate ECMC WERKrumber to use with the wireless access software on your laptop.

1.6. Softwae (direct) synthesis and MIDI applications in the ECMC studios

The establishment dflIDI (Musical I nstrumentDigital Interfac§ communications protocol stan-
dards in 1983 made it possible for general purpose microcomputers to control and store performance data
that drives dgital synthesizers, samplers and other audio proces&®tveen the mid 1980s and the
mid 1990s the Macintosh platform provided the largest base of quality MIDI software, but for more than
a decade MIDI softwre of comparable quality has beemilable for Windowssystems. @day high
quality open source MIDI software for GNU Linux systems is alslable and under rapid gelop-
ment.

Besides controlling MIDI déces, a computer itself can run software programs that calculate the
numbers that represent sounds or sound processing proce@afwae s/nthesis(sometimes called
direct synthes)sis dower than MIDI control of digital audio hardware, and requires greatenlkdge
of programming techniquesHowever, snce all of the audio processing procedures exist in sofw
they offer greater fleibility and extensibility, and maty more possibilities than the fixed hardware archi-
tecture of a particular synthesizer of effects processtard disk-based audio workstations can mix,
manipulate and transform sounds in a variety aysy replacing tape recorders, mixing consoldecef
processors and other audio gear used in traditional recording studios.

Sophisticated audio synthesis and signal processing waopled initially (beginning in the late
1960s) on Unix systems at academic and research computer music centers (the only institutions that
could provide access to th&pensve dgital hardware of the time). The music sodine base on our
Linux systems reflects thisdecy as well as its continuing wlution, which nav generally takes the
more gditarian form of open source softwarevé®mpment, distribution and sharing by imdiuals and
teams of programmers and musicians from throughout the world.

Since the mid 1990s powerful commercial music software that performs similar tasks has been
awailable for Macintosh and iMdows users. There are advantages and disadvantages to commercial soft-
ware and to open source software. If you become thoroughlyersant with both of these sofare
streams you can maknformed choices as to which programs and applications are best suited to your
working preferences and to the realization of particular musical obgsctind will hae nore resources
from which to drav in your compositional work.

A brief history of the ECMC studibs

Room 52The Eastman Computer Music Center was established in 1980 with the installation of a
DEC PDP-11 computer system dedicated to music productibis. system, which initially included 132
kbytes (sic!) of RAM and an 80 MB disk (both respectable capacities for the day) often craghald se
times a daybut included very high quality 8C and ADC cowverters and was used to create some of the
ECMC music software angflib soundfiles (such as the tam tanigfiib/perg that we still use today.

During the mid 1980s the PDP-11 was replaced by a netwdBkim3Unix workstations, and by
1990 software-based recording, sound synthesis, signal processing and mixing operations-were per
formed on NeXT Unix wrkstations. Fromnthe mid 1990s through 2002 SGI Unix workstations were
employed for these operations. Our first Linux box was installed in 1998, and by 2003 Linux music

8 A more detailed, if rambling, memoir on the history of the ECMC studiosai$able on the ECMC web
site.
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software had become sufficiently sophisticated to enable us to retire the last of our aging SGI machines.

Room 54:n 1983 we installed Mac Pluscomputer to augment our existing analog synthesizers
and electronic music gear and to rdWIDI capabilities &ailable to ECMC users. During the late
1980s this primitre machine vas replaced by a Mac 8100, and in the early 1990s by a Mo®iaia
Max Macintosh clone. During the later 1990s we experienced increasing incompatibility and instability
problems with our Mac software (particularly wio Tools which did not get along with the rest of our
installed audio software applications), along with dissatisfaction with the high cost and mediocre perfor
mance of Mac hardware of this period and so migrated our MIDI studio computer operationgnto a W
dows system. By the spring of 2003, with theiability of OS X-based audio sof@ave for the Mac,
these instability and incompatibility problems on the Mac platform hagklladisappeared, and we
installed a Power Mac G4 (replaced witiMac Pio in 2007) in the MIDI studio to complement our
existing Windows system.

Each of the ECMC computer systems in rooms 52 and 54dera wide range of both MIDI and
audio signal processing capabilities.vidwer, our MIDI studio is optimized for real-time an#IDI-
related tasks; we try to prmle the very best, most powerful Macintosh anohdgvs MIDI and audio
software in this studio, though not necessarily what one finds in a commercial recording studio designed
primarily for pop and commercial music andieceoser production. Similarly the Linux and Wwhdows
PC systems in room 52 are optimized to create the besbement we can provide for sophisticated
audio signal processing and synthesis. ECMC users are encouraged to become familiar with the
resources of all of our computer systems, so that the emply the most powerful resources of the
Center for a ariety of specialized musical tasks. In realityere is only one ECMC studio, which
encompasses an igrated network of Linux, Macintosh andimlons computers, software and audio
peripherals spread through three rooms.

1.7. Crasheshangs and rebooting

Computer "crashes" and "hangs" can result either from hardware malfunctions, but much more
often are caused by softwe problems or by user errowwhen a computenangs it becomes trapped in
an endless loop or an impossible operation (such as trying to access a non-existent memory location,
known as asggmentation fau)tsomewhere in the middle of a process. The operating system is unable to
terminate the process or togen control of the systemWith multitasking operating systems usually
only the process itself is affected: its wimds) will freeze, and will not respond toyamput. In such
cases, it generally is possible to kill the errant process (and its subprocesses) from anotherandhdo
then to resume ark. Occasionallyhoweve, a hung process will paralyze the entire system, and it will
be necessary to reboot the system.

While acrashmost often results from user errgystem aerload or from a badly written program,
it may instead portend a more serious system hamehor software problem, such as a bad sector on a
disk or a failing component on a circuit board. The operating system knows that something is wrong,
and shuts down to prent corruption of, or further damage to, the file systeiii.current operations are
aborted, wiping outverything in RAM. During rebooting, the operating system is read back into mem-
ory from a disk, the file system is checkto see if anything is missing or duplicated, and most problems
are corrected automaticallur Linux systems empjo journaling file systems, in which all changes in
the file system are logged almost instan#s a esult, file system checking and repairs during a reboot
generally are accomplished very quickly with little ifydnss or corruption.

Windows XP systems empip less robust file system updating procedures, and upon rebooting
after a serious crash thenay require check-and-repair operations lastingrs¢ minutes. Occasionally
— athough much less frequently than in the past Wiadowsreboot after a crash will result in the
fearedblue screen of death- an impenetrable error list of numbers highlighted on a blue background.
Usually rebooting again (and then, perhapgain) eventually will clear the problem. If notxéensive
system rebuilding may be necessaAlways advise a sthimember if you are confronted by théue
screen Macintosh systems empi@ proprietary file system calleHISF + that is generally robustub
that nav and again may require simple or extesgsiepairs after a crash.

If one of the ECMC computers appears to lock up on you, you should only perform a "hard
restart," by pushing thgtopor restart button on the computer case, as a last resort. Simply "pulling the
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plug" is never a "good" solution, since it may result in corruption of the file system. Reboots made from
software are much better than simply hitting the hardware shutdown/rebibon b Firsttry quitting the
process on which you are currently working, or accessing anotherwinilo the mouse. Is it really the
entire computer system that is leckup, or only the the currently aaipocess or the monitor screen?
Make are that the screen\s has not kicked in (tap the mouse button or theterkey) and that you

have ot inadvertently issued suspendr lock screencommand or (on Wdows and Macintosh sys-
tems) put the computer ingleep(or "hibernate") modelf a staf member is @ailable, get help. If all

else fails, halt and restart the computer with the hardvesetbutton, and report the crash or hang to a
staf member.

O Procedures for restarting Linux systems:

« Try clicking in, or opening, a shell windo If this succeeds, type
ps aux
in the terminal windw, note the process ID number(s) of the problematic job, and kill the rogue pro-
cess:
killall process_namewhereprocess_namis the name of the hung application)
or else
kill-9 process_number
(Thekillall command is generally preferred, because it will terminate all subprocesses launched by the
main application in addition to the application itself.)

Example: If the applicatioaudacityhangs, @s auxcommand might display a line such as
allan 44861.0 1.065324 10936 pts/B 07:45 0:00/usr/bin/audacity test.wav
I can kill this job by typing eithekillall audacity or else kill -9 4486

Alternatively, typexkill in a shell windav. The cursor will change to a skull and crossbonesvévice
cursor to the windw of a gplication you wish to kill and then click the left mouse button.

« If this doesrt work, click onSystenon the task bar and try to log out better (to force a file sys
tem check), click oshutdowrand then orfRestart If you believe that there is a problem with the sy
tem that will not be corrected by rebooting, click shut down the system instead.

(7]
1

« If you still get no response you will V& bite the bullet and do a hardware restart. Pressetdet
button on the computer case. After shutting down the system, wait sefnds, then push thisite
ton again to initiate rebooting. While rebooting, Linux may inform you that some disk partitions were
not mounted "cleanly," and, if so, will run system checks and repairs if necessary on the file system.

O Procedures for restarting Windows systems:

* If the system does not respond ty amouse clicks or meement, hold down thgCtr] and
leys smultaneously On Windows XPsystems this should operTask Manaer window.

* In the Task Man@er window, slect the process that is hung and clickemd sk You may need to
kill more than one process.
« If this doesrt’ work, repeat theCtrl/Alt/Delete command, if necessarthen selecShutdown and
Restart
« If this still doesnt work, press the power button on the computer case. After shutting down the sys-
tem, wait a fev seconds, then push this button again to initiate rebooting.
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O Procedures for restarting Mac OSX systems:

o

« To terminate an errant application, you can usepbh@uxandKkill -9 Unix commands describe
under the boxe@rocedures for restarting Linux systeaisyve work on Mac OSX as well.

« Alternatiely, if the mouse still works, you can attemptféoce-quitthe application. Heoever, this
may cause the Mac to crash, so do not perform this procedure .lighdld davn Option-Apple-
Escapeselect the errant program from the list, then sdfeate quit

« If you are unable to terminate the program, sdlegtout or Restartor (if you beliese tat the sys
tem is not in a good stat8hutdowemunder the~ile menu.

(After a nasty crash it may be necessary to runOfsi Utility or fsckto repair the file system. For some repair tips, [see
http://www.jmu.edu/computing/mac/crashesOSX.ghtml

1.8. Studiosecurity and usage policies

Occasionally demand for studio time and/or soundfile disk space exceed cafaeitylloning
procedures ha been established to enable us to work together amicably rather thdraliraver each
other like a svarm of angry insectsViolations of studio usage regulations or courtesies will result, ini-
tially, in a masty e-mail message, then may lead to a loss in studiteges. Neglect of studio security
policies will be dealt with very seerely, even upon a first infraction.

Security regulations

Every so often students not authorized to use the ECMC studios, widurals with no connec-
tion to Eastman or the U. of R., attempt to convince students to takon into the studios.

NEVER ALLO W ANYONE WHOM YOU DO NOT RECOGNIZE AS AN AUTHORIZED

STUDIO USER TO ENTER THE OUTER DOOR TO THE STUDIOS.

NEVER DEMAND T O BE ADMITTED T O THE STUDIOS BY SOMEONE WHO DOES
NOT RECOGNIZE YOU.

If someone gies you a hard time about this pofidmmediately contact a stahember orif nec-
essaryESM security (extension x13, or 5333).

STUDIO EQUIPMENT AND SUPPLIES, INCLUDING HEADPHONES AND MANU ALS,
MUST NEVER BE TAKEN FROM THE STUDIOS FOR ANY REASON.

MICR OPHONES, MIC STANDS AND OTHER EQUIPMENT SHOULD NEVER BE
MOVED BETWEEN THE STUDIOS unless you first consult a staff member and mak cer-
tain to retur n them immediately after use.

If you wish to borrev any gudio equipment, materials or documentation briefly for sorees
tionally good reason, consult with a $taember well in advance.

In particular we have had ongoing problems with headphones disappearing from the studios. This is
especially disturbing because it means that we tiaen ripped dfby a few d our own users.For this
reason we no longer keep our higher quality headphones easily accessible within the siudistzdol
provide them only on a sign-out basis, and all of our users suffer thevénéamce of this poliz

When you first enter gnof the three studios taka @reful look around to determine if astudio
equipment is missing or brek, and if so report this immediately by email to afst#mber If you
break something, report it in the same way.

Violation of aiy of the policies abee will result in loss of access to the ECMC studiosy Amci-
dence of stealing (or of unauthorized "borrowingjére"just for a very short time") of studio equipment
additionally will result in immediate and permanent loss of studio access and will be reported to the ESM
Dean of Students office. Put simplye reed to hae ésolute trust in the inggity of all of our studio
users.

Accessing the studios and reserving studio time

Access to the ECMC studios for authorized student users dptbby means of an ID card
reader next to the entrance to the studia@sirstudent ID number must beyed into the reader or the
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door will not be unlocked. After entering the anteroom, you can usestsenkar the doors to rooms 52
and 54 to unlock the doors to these studiasuifock the ley (in order to unlock the door), set the three
digits of the ley b the current combination and unloop theyk it will reach the door lock. After
unlocking the dogroop the ley back around its lock (so that it will not reach the door) and scramble the
three digit combination of theek lock.

Each Thursday sign-up sheets for the feilgy week are posted on the bulletin outside the
entrance to the studios. Depending upon demand for studio time, time quotas may or may not be
included on the MIDI studio and Linux sound room sign-up shdétgou wish to reser@ permanent
working hours, consult the studio director.

After 6:00 pm, a user may sign out additional hourgphd ary quota restrictions, for remaining
free time on the following dayAny time that either of our twgudios is not being used, it may be signed
out on an ad hoc basis. Howee the studios must be signed out wheaehey are in use.

If you are unable to come in to work during a time youehggned out, it is your responsibility to
erase your name or to call the studios (274-1578) and ask someone to do this foryyamserAvho con-
sistently signs out time then does notwlup may face loss of studio privileges.

When your assigned studio time is up and another user is ready to use the room, be sure to termi-
nate all of your processes (especiglgk on Linux systems), including subackground jobs.

All studio users are subject to the Eastman School building hours. The building is generally open
daily between 7:30 am and 11:00 pm whenelasses are in session, but building hours are more
restricted during vacation, holiday and certain summer periods.

The outer door to the Computer Music Center mustdy locked at all times to minimize the
chances of theftThe doors to moms 54 and 52 also should be kept locked when not in use, espe-
cially during evening and week-end hours.(Room 53 should ndie locked.)

Obtaining supplies and materials

The Computer Music Center purchases reghte discs, tapes and other supplies in bulk at whole-
sale prices and sells them at cost to all users. The current pricesifabla studio supplies are posted
on the vall outside room 53. Pay the cashier on the first floor the correct amount for the supplies you
want, ask her or him to credit the computer music account (2-11196) and obtain a receipt. Bring this
receipt to a sthimember to obtain the supplies.

1.8 Studio security and usage policies Pagel : 18



