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1. Overview

Thismanual provides reference material for Swift: the SwiftScript language and the Swift runtime system. For intro-
ductory material, consult the Swift tutoriali.

Swift is adata-oriented coarse grained scripting language that supports dataset typing and mapping, dataset iteration,
conditional branching, and procedural composition.

Swift programs (or workflows) are written in alanguage called SwiftScript.
SwiftScript programs are dataflow oriented - they are primarily concerned with processing (possibly large) collec-
tions of data files, by invoking programs to do that processing. Swift handles execution of such programs on remote

sites by choosing sites, handling the staging of input and output files to and from the chosen sites and remote execu-
tion of program code.

2. The SwiftScript Language

2.1. Language basics

A Swift script describes data, application components, invocations of applications components, and the inter-re-
lations (data flow) between those invocations.

1 http://www.ci.uchicago.edu/swift/guides/tutorial .php
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Datais represented in a script by strongly-typed single-assignment variables. The syntax superficially resembles C
and Java. For example, { and} characters are used to enclose blocks of statements.

Typesin Swift can be atomic or composite. An atomic type can be either a primitive type or a mapped type. Swift
provides afixed set of primitive types, such asinteger and string. A mapped type indicates that the actual data does
not reside in CPU addressable memory (asit would in conventional programming languages), but in POSIX-like
files. Composite types are further subdivided into structures and arrays. Structures are similar in most respects to
structure types in other languages. Arrays use numeric indices, but are sparse. They can contain elements of any
type, including other array types, but all elementsin an array must be of the same type. We often refer to instances
of composites of mapped types as datasets.

Mapped type and composite type variable declarations can be annotated with a mapping descriptor indicating the
file(s) that make up that dataset. For example, the following line declares a variable named phot o with typei m
age. It additionally declaresthat the data for this variableis stored in asingle file named shane. j peg.

i mage photo <"shane.jpeg">;

Component programs of scripts are declared in an app declaration, with the description of the command line syntax
for that program and alist of input and output data. An app block describes afunctional/dataflow style interface to
imperative components.

For example, the following example lists a procedure which makes use of the ImageM agick2 convert command to
rotate a supplied image by a specified angle:

app (image output) rotate(imge input) {
convert "-rotate" angle @nput @utput;

}

A procedure isinvoked using the familiar syntax:
rotated = rotate(photo, 180);

While this looks like an assignment, the actual unix level execution consists of invoking the command line specified
inthe app declaration, with variables on the left of the assignment bound to the output parameters, and variablesto
the right of the procedure invocation passed as inputs.

The examples above have used the type i mage without any definition of that type. We can declare it as a marker
type which has no structure exposed to SwiftScript:

type inage;
This does not indicate that the data is unstructured; but it indicates that the structure of the data is not exposed to
SwiftScript. Instead, SwiftScript will treat variables of this type asindividual opague files.
With mechanisms to declare types, map variables to datafiles, and declare and invoke procedures, we can build a

complete (albeit simple) script:

type inage;
i mage photo <"shane. | peg">;
i mage rotated <"rotated.|peg">;

2 http://www.imagemagick.org/
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app (imge output) rotate(i mage input, int angle) {
convert "-rotate" angle @nput @utput;
}

rotated = rotate(photo, 180);
This script can beinvoked from the command line;

$1s *.jpeg
shane. | peg
$ swift exanple.swft

$' I's *. ] peg
shane. j peg rot at ed. j peg

Thisexecutesasingleconver t command, hiding from the user features such as remote multisite execution and
fault tolerance that will be discussed in alater section.

Figure 1. shane,jpeg

Figure 2. rotated.jpeg

2.2. Arrays and Parallel Execution

Arrays of values can be declared using the [ ] suffix. An array be mapped to a collection of files, one element per
file, by using a different form of mapping expression. For example, thef i | esys nmapper mapsall files matching
aparticular unix glob pattern into an array:
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file frames[] <fil esys_mapper; pattern="*.jpeg">;
Thef or each construct can be used to apply the same block of code to each element of an array:

n frames

foreach f,ix i
[i = rotate(franes, 180);

X
out put [i Xx]

Sequential iteration can be expressed using thei t er at e construct:

step[0] = initial Condition();
iterate ix {
step[ix] = simulate(step[ix-1]);

This fragment will initialise the O-th element of the st ep array to some initial condition, and then repeatedly run the
si mul at e procedure, using each execution's outputs as input to the next step.

2.3. Ordering of execution

Non-array variables are single-assignment, which means that they must be assigned to exactly one value during exe-
cution. A procedure or expression will be executed when all of itsinput parameters have been assigned values. Asa
result of such execution, more variables may become assigned, possibly allowing further parts of the script to ex-
ecute.

In thisway, scripts are implicitly parallel. Aside from serialisation implied by these dataflow dependencies, execu-
tion of component programs can proceed in parallel.

In this fragment, execution of procedures p and q can happenin parallel:

Arrays in SwiftScript are more monotonic - a generalisation of being assignment. Knowledge about the content of an
array increases during execution, but cannot otherwise change. Each element of the array isitself single assignment
or monotonic (depending on itstype). During arun all values for an array are eventually known, and that array isre-
garded as closed.

Statements which deal with the array as awhole will often wait for the array to be closed before executing (thus, a
closed array is the equivalent of a non-array type being assigned). However, af or each statement will apply its
body to elements of an array as they become known. It will not wait until the array is closed.

Consider this script:
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Initidly, thef or each statement will have nothing to execute, as the array a has not been assigned any values. The
proceduresr and s will execute. As soon as either of them isfinished, the corresponding invocation of procedure p
will occur. After bothr and s have completed, the array a will be closed since no other statementsin the script
make an assignment to a.

2.4. Compound procedures

Aswith many other programming languages, procedures consisting of SwiftScript code can be defined. These differ
from the previously mentioned procedures declared with the app keyword, as they invoke other SwiftScript proced-
ures rather than a component program.

(file output) process (file input) {
file intermediate;
internediate = first(input);
out put = second(internmedi ate);

ile
ile

< —h—h

t
t
(

X X X

X <"X t">;
y <y th >
process(X);
Thiswill invoke two procedures, with an intermediate data file named anonymously connecting thef i r st and
second procedures.

Ordering of execution is generally determined by execution of app procedures, not by any containing compound
procedures. In this code block:

(filea, file b) A() {
a = Al();

b = A2()

%ile X, Y, s, t

(x,y) = AQ);

s = 3(X);

t = S(y);

then avalid execution order is: A1 S(x) A2 S(y) . The compound procedure A does not have to have fully com-
pleted for its return values to be used by subsequent statements.

2.5. More about types

Each variable and procedure parameter in SwiftScript is strongly typed. Types are used to structure data, to aid in
debugging and checking program correctness and to influence how Swift interacts with data.

Thei mage type declared in previous examplesis a marker type. Marker typesindicate that datafor avariableis
stored in a single file with no further structure exposed at the SwiftScript level.
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Arrays have been mentioned above, in the arrays section. A code block may be applied to each element of an array
using f or each; or individual elements may be referencesusing [ ] notation.

There are anumber of primitive types:

Table 1.

type contains

int integers

string strings of text

float floating point numbers, that behave the same as Java
doubl es

boolean true/false

Complex types may be defined using thet ype keyword:

type headerfil e;

type voxelfile;

type vol une {
headerfil e h;
voxel file v;

}
Members of a complex type can be accessed using the. operator:

vol une brai n;
o = p(brain.h);

Sometimes data may be stored in aform that does not fit with Swift's file-and-site model; for example, data might be
stored in an RDBM S on some database server. In that case, a variable can be declared to have ext er nal type.
Thisindicates that Swift should use the variable to determine execution dependency, but should not attempt other
data management; for example, it will not perform any form of data stage-in or stage-out it will not manage local
data caches on sites; and it will not enforce component program atomicity on data output. This can add substantial
responsibility to component programs, in exchange for allowing arbitrary data storage and access methods to be

plugged in to scripts.
type file;
app (external o) popul at eDat abase() {
popul ati onProgram

app (file o) anal yseDat abase(external i) {
anal ysi sProgram @;

ext ernal dat abase;
file result <"results.txt">;

dat abase = popul at eDat abase() ;
result = anal yseDat abase( dat abase);
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Some external database is represented by the dat abase variable. The popul at eDat abase procedure populates
the database with some data, and the anal yseDat abase procedure performs some subsequent analysis on that
database. The declaration of dat abase contains no mapping; and the procedures which use dat abase do not ref-
erence them in any way; the description of dat abase is entirely outside of the script. The single assignment and
execution ordering rules will still apply though; popul at eDat abase will aways be run before anal yseDat a-
base.

2.6. Data model

Data processed by Swift is strongly typed. It may be take the form of valuesin memory or as out-of-core files on
disk. Language constructs called mappers specify how each piece of datais stored.

2.6.1. Mappers

When a DSHandle represents a data file (or container of datafiles), it is associated with a mapper. The mapper is
used to identify which files belong to that DSHandle.

A dataset's physical representation is declared by a mapping descriptor, which defines how each element in the data-
set'slogical schemais stored in, and fetched from, physical structures such as directories, files, and remote servers.

Mappers are parameterized to take into account properties such as varying dataset |ocation. In order to access a data-
set, we need to know three things: its type, its mapping, and the value(s) of any parameter(s) associated with the
mapping descriptor. For example, if we want to describe a dataset, of type imagefile, and whose physical representa
tionisafile caled "filel.bin" located at "/home/yongzh/datal”, then the dataset might be declared as follows:

i magefile fl<single file_mapper;file="/hone/yongzh/data/filel.bin">
The above example declares a dataset called f1, which uses a single file mapper to map afile from a specific loca

tion.

SwiftScript has a simplified syntax for this case, since single file_mapper is frequently used:
bi naryfil e f1<"/hone/yongzh/data/filel.bin">

Swift comes with a number of mappers that handle common mapping patterns. These are documented in the map-
pers section of this guide.

2.7. More technical details about SwiftScript

The syntax of SwiftScript has a superficial resemblance to C and Java. For example, { and } characters are used to
enclose blocks of statements.

A SwiftScript program consists of a number of statements. Statements may declare types, procedures and variables,
assign values to variables, and express operations over arrays.

2.7.1. Variables

Variables in SwiftScript are declared to be of a specific type. Assignments to those variables must be data of that
type. SwiftScript variables are single-assignment - avalue may be assigned to avariable at most once. This assign-
ment can happen at declaration time or later on in execution. When an attempt to read from a variable that has not
yet been assigned is made, the code performing the read is suspended until that variable has been written to. This
forms the basis for Swift's ability to parallelise execution - all code will execute in parallel unless there are variables
shared between the code that cause sequencing.
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2.7.1.1. Variable Declarations

Variable declaration statements declare new variables. They can optionally assign a vaue to them or map those vari-
ables to on-disk files.

Declaration statements have the general form:

typenane vari abl enane (<mapping> | = initial Val ue )

The format of the mapping expression is defined in the Mappers section. initial Value may be either an expression or
aprocedure call that returns asingle value.

Variables can a so be declared in a multivalued-procedure statement, described in another section.
2.7.1.2. Assignment Statements
Assignment statements assign values to previously declared variables. Assignments may only be made to variables
that have not already been assigned. Assignment statements have the general form:
vari abl e = val ue;
where value can be either an expression or a procedure call that returns asingle value.

Variables can also be assigned in a multivalued-procedure statement, described in another section.

2.7.2. Procedures

There are two kinds of procedure: An atomic procedure, which describes how an external program can be executed,;
and compound procedures which consist of a sequence of SwiftScript statements.

A procedure declaration defines the name of a procedure and its input and output parameters. SwiftScript procedures
can take multiple inputs and produce multiple outputs. Inputs are specified to the right of the function name, and
outputs are specified to the left. For example:

(type3 outl, typed out2) nyproc (typel inl, type2 in2)

The above example declares a procedure called my pr oc, which hastwo inputsi n1 (of typet ypel) andi n2 (of
typet ype2) and two outputsout 1 (of typet ype3) and out 2 (of typet yped).

A procedure input parameter can be an optional parameter in which case it must be declared with a default value.
When calling a procedure, both positional parameter and named parameter passings can be passed, provided that all
optional parameters are declared after the required parameters and any optional parameter is bound using keyword
parameter passing. For example, if mypr ocl isdefined as:

(binaryfile bf) nyprocl (int i, string s="foo")

Then that procedure can be called like this, omitting the optional parameter s:

bi naryfile nybf = nyprocl(1l);

or like this supplying a value for the optional parameter s:

bi naryfile nybf = nyprocl (1, s="bar");
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2.7.2.1. Atomic procedures

An atomic procedure specifies how to invoke an external executable program, and how logical datatypes are
mapped to command line arguments.

Atomic procedures are defined with the app keyword:

app (binaryfile bf) nyproc (int i, string s="foo") {
nyapp i s @il ename(bf);
}

which specifiesthat nypr oc invokes an executable called myapp, passing the values of i , s and the filename of
bf ascommand line arguments.

2.7.2.2. Compound procedures

A compound procedure contains a set of SwiftScript statements:

(type2 b) foo_bar (typel a) {

type3 c;
c = foo(a); /1 ¢ holds the result of foo
b = bar(c); /1l c is an input to bar

2.7.3. Control Constructs

SwiftScript providesi f,swi t ch, f or each, andi t er at e constructs, with syntax and semantics similar to com-
parable constructsin other high-level languages.

2.7.3.1. foreach

Thef or each construct is used to apply ablock of statements to each element in an array. For example:

check_order (file a[]) {
foreach f in a {

} conput e(f);

f or each statements have the general form:

foreach controlvariable (,index) in expression {
statenents
}

The block of statementsis evaluated once for each element in expr essi on which must be an array, with con-
trol vari abl e set to the corresponding element and i ndex (if specified) set to the integer position in the array
that is being iterated over.

2.7.3.2.if

Thei f statement allows one of two blocks of statements to be executed, based on a boolean predicate. i f state-
ments generally have the form:
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i f(predicate) {
statenents

} else {
statenents

where pr edi cat e isaboolean expression.
2.7.3.3. switch

swi t ch expressions alow one of a selection of blocks to be chosen based on the value of a numerical control ex-
pression. swi t ch statements take the general form:

swi tch(control Expression) {
case nil:
st at enent s2
case n2:
st at enent s2
defaul t:
statenents

}

The control expression is evaluated, the resulting numerical value used to select a corresponding case, and the
statements belonging to that case block are evaluated. If no case corresponds, then the statements belonging to the
def aul t block are evaluated.

Unlike C or Java switch statements, execution does not fall through to subsequent case blocks, and no br eak
statement is necessary at the end of each block.

2.7.3.4. iterate

i t erate expressionsallow ablock of code to be evaluated repeatedly, with an integer parameter sweeping up-
wards from O until atermination condition holds.

The general formis:

iterate var {
statenents;
} until (term nati onExpression);

with the variable var starting at O and increasing by one in each iteration. That variable isin scope in the statements
block and when evaluating the termination expression.

2.8. Operators

The following infix operators are available for use in SwiftScript expressions.

Table 2.
operator purpose
+ numeric addition; string concatenation

- numeric subtraction

*

numeric multiplication

10
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operator purpose

/ floating point division

%/ integer division

%% integer remainder of division
=== comparison and not-equal-to
<><=>= numerical ordering

&& || boolean and, or

! boolean not

2.9. Global constants

At the top level of a SwiftScript program, the gl obal modified may be added to a declaration so that it isvisible
throughout the program, rather than only at the top level of the program. This allows global constants (of any type)
to be defined. (since Swift 0.10)

2.10. Imports

Thei nport directive can be used to import definitions from another SwiftScript file. (since Swift 0.10)

For example, a SwiftScript program might contain this:

i mport defs;

I t
file f;
which would import the content of def s. swi f t in the current directory:

type file;

Imported files are read from the current working directory.

There is no requirement that a module is imported only once. If amodule isimported multiple times, for examplein
different files, then Swift will only process the imports once.

Imports may contain anything that is valid in a SwiftScript program, including code that causes remote execution.

3. Mappers

M appers provide a mechanism to specify the layout of mapped datasets on disk. This is needed when Swift must ac-
cess filesto transfer them to remote sites for execution or to pass to applications.

Swift provides a number of mappers that are useful in common cases. This section details those standard mappers.

For more complex cases, it is possible to write application-specific mappersin Java and use them within a
SwiftScript program.

3.1. The single file mapper

Thesingl e _fil e_nmapper mapsasingle physica fileto adataset.

11
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Swift variable ------------------- > Filenane
f myfile
f[0] | NVALI D
f. bar I NVALI D
Table 3.
parameter meaning
file The location of the physical file including path and
file name.
Example:

file f <single_file_mapper;file="plot_outfile_parani>;

Thereisasimplified syntax for this mapper:
file f <"plot_outfile_ param >;

3.2. The simple mapper

Thesi npl e_mapper mapsafileor alist of filesinto an array by prefix, suffix, and pattern. If more than onefile
is matched, each of the file names will be mapped as a subelement of the dataset.

Table4.
parameter meaning
location A directory that the files are located.
prefix The prefix of the files
suffix The suffix of thefiles, for instance: " . t xt "
pattern A UNIX glob style pattern, for instance: " *f oo* "
would match all file names that contain f oo. When
this mapper is used to specify output filenames,
patt ernisignored.
Examples:
type file;
file f <sinple_mapper;prefix="foo", suffix=".txt">;

12
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The above maps al filenames that start with f 0o and have an extension . t xt intofilef.

Swift variable ------------------- > Filenane

f f 0o. t xt

type nmessagefil e;
(messagefile t) greeting(string m {.
app { :
echo m stdout=@il enanme(t);
}
}

nmessagefile outfile <sinple_mapper; prefix="foo",suffix=".txt">;

outfile = greeting("hi");

Thiswill output the string 'hi* to the filef 0o. t xt .

Thesi npl e_mapper can be used to map arrays. It will map the array index into the filename between the prefix
and suffix.

type nmessagefil e;
(nmessagefile t) greeting(string m {

app { .
echo m stdout=@i | enanme(t);
}

}

nmessagefile outfile[] <sinple_mapper;prefix="baz", suffix=".txt">;

outfile[0] = greeting("hello");
outfile[l] = greeting("m ddle");
outfile[2] = greeting("goodbye");

Swift variable ------------------- > Fil enane
file[0] baz0000. t xt

outfile[1] baz0001. t xt
filel2] baz0002. t xt

si npl e_mapper can be used to map structures. It will map the name of the structure member into the filename,
between the prefix and the suffix.

13
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type nessagefil e;

type nystruct {
nessagefile left;

nessagefile right;

}1
(nmessagefile t) greeting(string m {
app { :
echo m stdout=@il enanme(t);
}

nmystruct out <sinple _mapper; prefix="qux", suffix=".txt">;
out.left = greeting("hello");
out.right = greeting("goodbye");

Thiswill output the string "hello" into thefilequx. | ef t . t xt and the string "goodbye" into the file
qux. right.txt.

Swift variable ------------------- > Filenane
out.left guxl eft.txt
out.right qguxri ght . t xt

3.3. concurrent mapper

concurrent _mapper isamost the same as the simple mapper, except that it is used to map an output file, and
the filename generated will contain an extract sequence that is unique. This mapper is the default mapper for vari-
ables when no mapper is specified.

Tablebs.

parameter meaning

location A directory that the files are located.

prefix The prefix of thefiles

suffix The suffix of thefiles, for instance: " . t xt "

pattern A UNIX glob style pattern, for instance: " * f oo* "
would match al file names that contain f 00. When
this mapper is used to specify output filenames,
pat t er n isignored.

Example:

file f1,
file f2 <concurrent_mapper; prefix="foo", suffix=".txt">;

14
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The above example would use concurrent mapper for f 1 and f 2, and generate f 2 filename with prefix " f 00" and
extension" . t xt "

3.4. file system mapper

fil esys mapper issimilar to the simple mapper, but maps afile or alist of filesto an array. Each of the file-
name is mapped as an element in the array. The order of filesin the resulting array is not defined.

TODO: note on difference between location as a relative vs absolute path wrt staging to remote location - as mihael
said: It's because you specify that location in the mapper. Try location="." instead of location="/sandbox/..."

Table6.

parameter meaning

location The directory where the files are located.

prefix The prefix of thefiles

suffix The suffix of thefiles, for instance: " . t xt "

pattern A UNIX glob style pattern, for instance: " * f oo* "
would match all file names that contain f 0o.

Example:

file texts[] <filesys_mapper; prefix="foo", suffix=".txt">;

The above example would map all filenames that start with " f 00" and have an extension™ . t xt " into the array
t ext s. For example, if the specified directory containsfiles: f ool. t xt ,f oot est . t xt ,foo__1. t xt, then
the mapping might be:

Swift variable --------------on-- > Fil enane
t ext s[ 0] foot est . txt
texts[1] fool. txt
t ext s[ 2] foo 1.txt

3.5. fixed array mapper

Thefi xed_array_mapper mapsfrom astring that contains alist of filenamesinto afile array.

Table7.

parameter meaning

files A string that contains alist of filenames, separated
by space, comma or colon

Example:

15
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file texts[] <fixed_array_napper;files="filel.txt, fileB.txt, file3.txt">;

would cause a mapping like this:

Swift variable --------------

————— > Fil enane

t ext s[ 0] filel. txt
texts[1] fileB. txt
t ext s[ 2] file3.txt

3.6. array mapper

Thear ray_napper mapsfrom an array of stringsinto afile

Table8.

parameter meaning

files An array of strings containing one filename per ele-

ment
Example:
string s[] = "a.txt", "b.txt", "c.txt" ];

file f[] <array_mapper;fil es=s>;

Thiswill establish the mapping:

Swift variable -------------

f
f
f

NP O
——i

3.7. regular expression mapper

Ther egexp_mapper transforms one file name to another using regular expression matching.

Table9.
parameter meaning
source The source file name

16
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parameter meaning

match Regular expression pattern to match, use () to
match whatever regular expression isinside the par-
entheses, and indicate the start and end of a group;
the contents of a group can be retrieved with the

\'\ nunber specia sequence (two backslashes are
needed because the backslash is an escape sequence
introducer)

transform The pattern of the file name to transform to, use
\ nunber to reference the group matched.

Example:
string s = "picture.gif";
file f <regexp_mapper;
sour ce=s,

match="(.*)gi f",
transform="\\1j pg" >;

This example transforms a string ending gi f into one ending j pg and maps that to afile.

Swift variable ------------------- > Fil enanme

f picture.jpg

3.8. csv mapper

Thecsv_mapper mapsthe content of a CSV (commarseparated value) fileinto an array of structures. The dataset
type needs to be correctly defined to conform to the column namesin the file. For instance, if the file contains
columns: nane age GPA then the type needs to have member elements like this:

€ naneg;

If the file does not contain a header with column info, then the column names are assumed ascol urm1, col unm2,
etc.

Table 10.

parameter meaning

file The name of the CSV file to read mappings from.

header Whether the file has a line describing header info;
defaultist rue

skip The number of lines to skip at the beginning (after
header ling); default is 0.

hdelim Header field delimiter; default is the value of the
del i mparameter

17



Swift User Guide

parameter meaning

delim Content field delimiters; defaults are space, tab and
comma

Example:

student stus[] <csv_mapper;file="stu list.txt">;

The above example would read alist of student info fromfile"stu_| i st.txt" and map them into a student ar-
ray. By default, the file should contain a header line specifying the names of the columns. If st u_| i st. t xt con-
tains the following:

nane, age, gpa
101- nane. t xt, 101-age.txt, 101-gpa.txt
nanmeb5. t xt, ageb55.txt, age55.txt

q, r, s

then some of the mappings produced by this example would be:

Swift variable ------------------- > Fil enane

stus[ 0] . nane 101- nane. t xt
stus[ 0] . age 101- age. t xt
stus[ 0] . gpa 101- gpa. t xt
stus[ 1] . nane name55. t xt
stus[ 1] . age ageb55. t xt
stus[ 1] . gpa gpab5. t xt
stus[ 2] . nane q

stus[ 2] . age r

stus[ 2] . gpa S

3.9. external mapper

The external mapper, ext maps based on the output of a supplied Unix executable.

Table 11.

parameter meaning

exec The name of the executable (relative to the current
directory, if an absolute path is not specified)

* Other parameters are passed to the executable pre-
fixed with a- symbol

The output of the executable should consist of two columns of data, separated by a space. The first column should
be the path of the mapped variable, in SwiftScript syntax (for example[ 2] means the 2nd element of an array) or
the symbol $ to represent the root of the mapped variable.

Example: With the following in mapper . sh,
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#!/ bi n/ bash

echo "[2] qux"
echo "[0] foo"
echo "[1] bar"

then a mapping statement:

student stus[] <ext;exec="mapper.sh">;

would map
Swift variable ------------------- > Fil ename
st us[ 0] foo
stus[ 1] bar
st us| 2] qux

4. Commands

The commands detailed in this section are available in the bi n/ directory of a Swift installation and can by run
from the commandline if that directory is placed on the PATH.

4.1. swift

The swift command is the main command line tool for executing SwiftScript programs.

4.1.1. Command-line Syntax

The swift command isinvoked as follows: swift [options] SwiftScript-program [SwiftScript-arguments] with
options taken from the following list, and SwiftScript-arguments made availabl e to the SwiftScript program through
the @arg function.

Swift command-line options

-help or -h Display usage information

-typecheck Does atypecheck of a SwiftScript program, instead of executing it.

-dryrun Runs the SwiftScript program without submitting any jobs (can be used to get a graph)
-monitor Shows a graphical resource monitor

-resumefil e Resumes the execution using alog file

-configfile Indicates the Swift configuration file to be used for this run. Propertiesin this configura-

tion file will override the default properties. If individual command line arguments are
used for properties, they will override the contents of thisfile.
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-verbose | -v Increases the level of output that Swift produces on the consol e to include more detail
about the execution

-debug | -d Increases the level of output that Swift produces on the console to include lots of detail
about the execution

-logfilefil e Specifies afile where log messages should go to. By default Swift uses the name of the
program being run and a numeric index (e.g. myworkflow.1.l0g)

-runidi dentifier Specifiesthe run identifier. This must be unique for every invocation and is used in sev-
eral placesto keep files from different executions cleanly separated. By default, a datest-
amp and random number are used to generate arun identifier. When using this paramet-
er, care should be taken to ensure that the run 1D remains unique with respect to all other
run IDs that might be used, irrespective of (at least) expected execution sites, program or
user.

-tui Displays an interactive text mode monitor during arun. (since Swift 0.9)
In addition, the following Swift properties can be set on the command line:

* caching.agorithm

* clustering.enabled

o clustering.min.time

* clustering.queue.delay
* ip.address
 kickstart.always.transfer
* kickstart.enabled

» lazy.errors

* pgraph

* pgraph.graph.options
* pgraph.node.options
* sitedir.keep

* sitesfile

* tcfile

« tcp.port.range

4.1.2. Return codes

The swift command may exit with the following return codes:

Table12.
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value meaning

0 success

1 command line syntax error or missing project name
2 error during execution

3 error during compilation

4 input file does not exist

4.1.3. Environment variables
The swift isinfluenced by the following environment variables:

GLOBUS_HOSTNAME, GLOBUS_TCP_PORT_RANGE - set in the environment before running Swift. These can be
set to inform Swift of the configuration of your local firewall. More information can be found in the Globus firewall
How-to3.

COG_OPTS - set in the environment before running Swift. Options set in this variable will be passed as parameters
to the Java Virtual Machine which will run Swift. The parameters vary between virtual machine imlementations, but
can usually be used to ater settings such as maximum heap size. Typing 'java-help' will sometimes give alist of
commands. The Sun Java 1.4.2 command line options are documented herex.

4.2. swift-osg-ress-site-catalog

The swift-osg-r ess-site-catalog command generates a site catalog based on OSGs's ReSS information system (since
Swift 0.9)

Usage: swift-osg-ress-site-catalog [options]

--help Show help message

--vo=[name] Set what VO to query ReSS for

--engage-verified Only retrieve sites verified by the Engagement VO site verification tests This can not be
used together with - - vo, as the query will only work for sites advertising support for
the Engagement VO.

This option meansinformation will be retrieved from the Engagement collector instead
of the top-level ReSS collector.

--out=[filename] Write to [filename] instead of stdout

--condor-g Generates sites files which will submit jobs using alocal Condor-G installation rather
than through direct GRAM2 submission. (since Swift 0.10)

4.3. swift-plot-log

swift-plot-log generates summaries of Swift run log files.

Usage: swift-plot-log [logfile] [tar gets]

3 http://dev.globus.org/wiki/Firewall[HowTo
4 http://java.sun.com/j 2se/1.4.2/docs/tool docs/windows/java html
5 http://www.opensciencegrid.org/
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When no targets are specified, swift-plog-log will generate an HTML report for the run. When targets are specified,
only those named targets will be generated.

5. Executing app procedures

This section describes how Swift executesapp procedures, and requirements on the behaviour of application pro-
grams used in app procedures. These requirements are primarily to ensure that the Swift can run your application in
different places and with the various fault tolerance mechanismsin place.

5.1. Mapping of app semantics into unix process execu-
tion semantics

This section describes how an app procedure invocation is trandated into a (remote) unix process execution. It does
not describe the mechanisms by which Swift performs that tranglation; that is described in the next section.

In this section, this example SwiftScript program is used for reference:

type file;

app (file o) count(file i) {
we @ stdout=@;

——h =

e q <"input.txt">;

e r <"output.txt">;

The executable for wc will be looked up in tc.data.

This unix executable will then be executed in some application procedure workspace. This means:

Each application procedure workspace will have an application workspace directory. (TODO: can collapse terms/
[application procedure workspace// and //application workspace directory// ?

This application workspace directory will not be shared with any other application procedure execution attempt; all
application procedure execution attempts will run with distinct application procedure workspaces. (for the avoidance
of doubt: If a SwiftScript procedure invocation is subject to multiple application procedure execution attempts (due
to Swift-level restarts, retries or replication) then each of those application procedure execution attempts will be
made in a different application procedure workspace. )

The application workspace directory will be adirectory on a POSIX filesystem accessible throughout the application
execution by the application executable.

Before the application executable is executed:

» The application workspace directory will exist.

» Theinput fileswill exist inside the application workspace directory (but not necessarily as direct children; there
may be subdirectories within the application workspace directory).

e Theinput fileswill be those files mapped to input parameters of the application procedure invocation. (In the ex-
ample, thismeansthat thefilei nput . t xt will exist in the application workspace directory)

» For each input file dataset, it will bethe casethat @i | ename or @i | enanes invoked with that dataset as a
parameter will return the path relative to the application workspace directory for the file(s) that are associated

22



Swift User Guide

with that dataset. (In the example, that meansthat @ will evaluate to the path i nput . t xt)

* For each file-bound parameter of the Swift procedure invocation, the associated files (determined by data type?)
will always exist.

» Theinput files must be treated as read only files. This may or may not be enforced by unix file system permis-
sions. They may or may not be copies of the source file (conversely, they may be links to the actual sourcefile).

During/after the application executable execution, the following must be true:

If the application executable execution was successful (in the opinion of the application executable), then the ap-
plication executable should exit with unix return code O; if the application executable execution was unsuccessful
(in the opinion of the application executabl€), then the application executable should exit with unix return code
not equal to 0.

Each file mapped from an output parameter of the SwiftScript procedure call must exist. Files will be mapped in
the same way as for input files.

(?Isit defined that output subdirectories will be precreated before execution or should app executabl es expect to
make them? That's probably determined by the present behaviour of wrapper.sh)

Output produced by running the application executable on some inputs should be the same no matter how many
times, when or where that application executableis run. 'The same' can vary depending on application (for ex-

ample, in an application it might be acceptable for a PNG->JPEG conversion to produce different, similar look-
ing, output jpegs depending on the environment)

Things to not assume:

anything about the path of the application workspace directory

that either the application workspace directory will be deleted or will continue to exist or will remain unmodified
after execution has finished

that files can be passed(?def) between application procedure invocations through any mechanism except through
files known to Swift through the mapping mechanism (there is some exception here for ext er nal datasets -
there are a separate set of assertionsthat hold for ext er nal datasets)

that application executables will run on any particular site of those available, or than any combination of applica
tions will run on the same or different sites.

5.2. How Swift implements the site execution model

This section describes the implementation of the semantics described in the previous section.

Swift executes application procedures on one or more sites.

Each site consists of :

» worker nodes. There is some execution mechanism through which the Swift client side executable can execute its
wrapper script on those worker nodes. Thisis commonly GRAM or Falkon or coasters.

» asgite-shared file system. This site shared filesystem is accessible through some file transfer mechanism from the
Swift client side executable. Thisis commonly GridFTP or coasters. This site shared filesystem is also accessible
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through the posix file system on all worker nodes, mounted at the same location as seen through the file transfer
mechanism. Swift is configured with the location of some site working directory on that site-shared file system.
There is no assumption that the site shared file system for one site is accessible from another site.

For each workflow run, on each site that is used by that run, arun directory is created in the site working directory,
by the Swift client side.

In that run directory are placed severa subdirectories:

» shared/ - siteshared files cache

« ki ckstart/ -whenkickstart is used, kickstart record files for each job that has generated a kickstart record.
» infol -wrapper script log files

e status/ -job statusfiles

» j obs/ - application workspace directories (optionally placed here - see below)

Application execution looks like this:

For each application procedure call:

The Swift client side selects a site; copies the input files for that procedure call to the site shared file cache if they
are not already in the cache, using the file transfer mechanism; and then invokes the wrapper script on that site using
the execution mechanism.

The wrapper script creates the application workspace directory; places the input files for that job into the application
workspace directory using either cp or | n - s (depending on a configuration option); executes the application unix
executable; copies output files from the application workspace directory to the site shared directory using cp; cre-
ates a status file under the st at us/ directory; and exits, returning control to the Swift client side. Logs created
during the execution of the wrapper script are stored under thei nf o/ directory.

The Swift client side then checks for the presence of and deletes a status file indicating success; and copies files
from the site shared directory to the appropriate client side location.

Thejob directory is created (in the default mode) under thej obs/ directory. However, it can be created under an

arbitrary other path, which allowsit to be created on a different file system (such as aworker node local file system
in the case that the worker node has alocal file system).

6. Technical overview of the Swift architecture

This section attempts to provide atechnical overview of the Swift architecture.

6.1. karajan - the core execution engine

6.2. Execution layer

The execution layer causes an application program (in the form of a unix executable) to be executed either locally or
remotely.

The two main choices are local unix execution and execution through GRAM. Other options are available, and user
provided code can also be plugged in.
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The kickstart utility can be used to capture environmental information at execution time to aid in debugging and
provenance capture.

6.3. SwiftScript language compilation layer

Step i: text to XML intermediate form parser/processor. parser written in ANTLR - see resources/VVDL.g. The XML
Schema Definition (XSD) for the intermediate language is in resourcesy XDTM .xsd.

Step ii: XML intermediate form to Kargjan workflow. Kargjan.java - reads the XML intermediate form. compilesto
karajan workflow language - for example, expressions are converted from SwiftScript syntax into Kargjan syntax,
and function invocations become karajan function invocations with various modifications to parameters to accomod-
ate return parameters and dataset handling.

6.4. Swift/karajan library layer

Some Swift functionality is provided in the form of Kargjan libraries that are used at runtime by the Kargjan work-
flows that the Swift compiler generates.

7. Ways in which Swift can be extended

Swift is extensible in a number of ways. It is possible to add mappers to accomodate different filesystem arrange-
ments, site selectors to change how Swift decides where to run each job, and job submission interfaces to submit
jobs through different mechanisms.

A number of mappers are provided as part of the Swift release and documented in the mappers section. New map-
pers can be implemented in Java by implementing the org.griphyn.vdl.mapping.Mapper interface. The Swift
tutoriale contains a simple example of this.

Swift provides a default site selector, the Adaptive Scheduler. New site selectors can be plugged in by implementing
the org.globus.cog.karajan.schedul er. Scheduler interface and modifying libexec/scheduler.xml and etc/kara
jan.propertiesto refer to the new scheduler.

Execution providers and filesystem providers, which allow to Swift to execute jobs and to stage filesin and out
through mechanisms such as GRAM and GridFTP can be implemented as Java CoG kit providers.

8. Function reference

This section details functions that are available for use in the SwiftScript language.

8.1. @arg

Takes acommand line parameter name as a string parameter and an optional default value and returns the value of
that string parameter from the command line. If no default value is specified and the command line parameter is
missing, an error is generated. If adefault value is specified and the command line parameter is missing, @r g will
return the default value.

Command line parameters recognized by @r g begin with exactly one hyphen and need to be positioned after the
script name.

For example:

6 http://www.ci.uchicago.edu/swift/guides/tutorial.php
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trace(@rg("myparam'));
trace(@rg("optional parant', "defaultval ue"));

$ swift arg.swift -nyparanrhello
Swi ft vO0.3-dev r1674 (nodified | ocally)

Runl D. 20080220- 1548-yl c4pnda
SwiftScript trace: defaultval ue
SwiftScript trace: hello

8.2. @extractint

@xtractint (file) will read the specified file, parse an integer from the file contents and return that integer.

8.3. @filename

@i | enanme(v) will return a string containing the filename(s) for the file(s) mapped to the variable v. When more
than one filename is returned, the filenames will be space separated inside a single string return value.

8.4. @filenames

@il enanmes(v) will return multiple values () containing the filename(s) for the file(s) mapped to the variable v.
(compare to @filename)

8.5. @regexp

@ egexp(i nput, pattern, repl acenment) will apply regular expression substitution using the Java
java.util.regexp API7. For example:
string v = @egexp("abcdefghi", "c(def)g", " nmonkey");

will assign the value " abnonkeyhi " to thevariablev.

8.6. @strcat

@trcat(a, b, c,d,...) will return astring containing all of the strings passed as parametersjoined into a
single string. There may be any number of parameters.

The + operator concatenatestwo strings. @t rcat (a, b) isthesameasa + b

8.7. @strcut

@t rcut (i nput, pattern) will match the regular expression in the pattern parameter against the supplied in-
put string and return the section that matches the first matching parenthesised group.

For example:

7 http://java.sun.com/j 2se/1.4.2/docs/ api/javalutil /regex/Pattern.html
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stringt = "nmy nanme is John and i |ike puppies.";
string nane = @trcut(t, "my name is ([ ]*) ");
string out = @trcat("Your nane is ", name);

trace(out);

will output the message: Your nane is John.

8.8. @strsplit

@trsplit(input, pattern) will splitthe input string based on separators that match the given pattern and
return a string array. (since Swift 0.9)

Example:

stringt = "ny

string words|]
[

foreach word i

n John and i |ike puppies.”;
= Fit(
n r
trace(word)
}

t, "\\s");

will output one word of the sentence on each line (though not necessarily in order, due to the fact that foreach itera-
tions execute in paralléel).

8.9. @toint

@ oi nt (i nput) will parseitsinput string into an integer. This can be used with @r g to pass input parameters
to a SwiftScript program as integers.

9. Built-in procedure reference

This section details built-in procedures that are available for use in the SwiftScript language.

9.1. readData

r eadDat a will read data from a specified file.

The format of the input file is controlled by the type of the return value.

For scalar return types, such asint, the specified file should contain a single value of that type.

For arrays of scalars, the specified file should contain one value per line.

For structs of scalars, the file should contain two rows. The first row should be structure member names separated
by whitespace. The second row should be the corresponding values for each structure member, separated by
whitespace, in the same order as the header row.

For arrays of structs, the file should contain a heading row listing structure member names separated by whitespace.

There should be one row for each element of the array, with structure member elements listed in the same order as
the header row and separated by whitespace. (since Swift 0.4)
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9.2. readdata?

r eaddat a2 will read data from a specified file, liker eaddat a, but using adifferent file format more closely re-
lated to that used by the ext mapper.

Input files should list, one per line, a path into a Swift structure, and the value for that position in the structure;

rows[0].colums[0] =0
rows[ 0] .colums[1l] = 2
rows[O0].colums[2] =4
rows[ 1] .colums[0] =1
rows[ 1] .colums[1l] = 3

1] [2] =5

. col ums
which can be read into a structure defined like this:

type vector {
int colums[];
}

type matrix {
vector rows[];
}

matri x m

m = readDat a2("readData2.in");

(since Swift 0.7)

9.3. trace

t r ace will log its parameters. By default these will appear on both stdout and in the run log file. Some formatting
occurs to produce the log message. The particular output format should not be relied upon. (since Swift 0.4)

9.4. writeData

wr i t eDat a will write out data structures in the format described for r eadDat a

10. Swift configuration properties

Various aspects of the behavior of the Swift Engine can be configured through properties. The Swift Engine recog-
nizes aglobal, per installation properties file which can foundinet ¢/ swi ft . properti es inthe Swift installa-
tion directory and a user properties file which can be created by each userin~/ . swi ft/ swi ft. properties.
The Swift Engine will first load the global propertiesfile. It will then try to load the user propertiesfile. If auser
propertiesfileis found, individual properties explicitly set in that file will override the respective propertiesin the
global properties file. Furthermore, some of the properties can be overridden directly using command line arguments
to the swift command.

Swift properties are specified in the following format:

<name>=<val ue>
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The value can contain variables which will be expanded when the propertiesfile is read. Expansion is performed
when the name of the variable is used inside the standard shell dereference construct: ${ nane} . The following
variables can be used in the Swift configuration file:

Swift Configuration Variables

swi ft. home Points to the Swift installation directory ($SW FT_HOVE). In general, this
should not be set as Swift can find its own installation directory, and incor-
rectly setting it may impair the correct functionality of Swift.

user. nane The name of the current logged in user.
user . hone The user's home directory.

Thefollowingisalist of valid Swift properties:

Swift Properties

caching.algorithm Valid values: LRU
Default value: LRU

Swift cachesfiles that are staged in on remote resources, and filesthat are
produced remotely by applications, such that they can be re-used if needed
without being transfered again. However, the amount of remote file system
space to be used for caching can be limited using the swift:storagesize [33
profile entry in the sitesxml file. Example:

<pool handl e="exanpl e" sysi nfo="1NTEL32:: LI NUX">
<gridftp url="gsiftp://exanple.org" storage="/scratch/sw
<j obmanager universe="vanilla" url ="exanpl e. org/j obmanagt
<wor kdi rect ory>/ scrat ch/ swi ft </ wor kdi rectory>
<profil e namespace="SW FT" key="st oragesi ze">20000000</ pi
</ pool >

The decision of which files to keep in the cache and which filesto removeis
made considering the value of the caching.algorithm property. Currently, the
only available value for this property is LRU, which would cause the |east re-
cently used files to be deleted first.

clustering.enabled Vaidvalues: true, fal se
Default value: f al se
Enables clustering.

clustering.min.time Valid values: <i nt >
Default value: 60
Indicates the threshold wall time for clustering, in seconds. Jobs that have a

wall time smaller than the value of this property will be considered for clus-
tering.
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clustering.queue.delay

execution.retries

foreach.max.threads

ip.address

kickstart.always.transfer

kickstart.enabled

lazy.errors

Valid vaues: <i nt >
Default value: 4

This property indicates the interval, in seconds, at which the clustering queue
is processed.

Valid values: positive integers
Default value: 2

The number of time ajob will be retried if it fails (giving a maximum of 1 +
execution.retries attempts at execution)

Valid values: positive integers
Default value: 1024

Limits the number of concurrent iterations that each foreach statement can
have at one time. This conserves memory for swift programs that have large
numbers of iterations (which would otherwise all be executed in parallel).
(since Swift 0.9)

Valid values: <i paddr ess>
Default value: N/A

The Globus GRAM service uses a callback mechanism to send notifications
about the status of submitted jobs. The callback mechanism requires that the
Swift client be reachable from the hosts the GRAM services are running on.
Normally, Swift can detect the correct |P address of the client machine.
However, in certain cases (such as the client machine having more than one
network interface) the automatic detection mechanism is not reliable. In such
cases, the | P address of the Swift client machine can be specified using this
property. The value of this property must be a numeric address without
quotes.

This option is deprecated and the hosthame property should be used instead.
Vaidvaues: true, fal se

Default value: f al se

This property controls when output from Kickstart is transfered back to the
submit site, if Kickstart is enabled. When set tof al se, Kickstart output is
only transfered for jobs that fail. If settot r ue, Kickstart output istransfered
after every job is completed or failed.

Vaidvalues: true, f al se, maybe

Default value: maybe

This option alows controlling of when Swift uses Kickstart. A value of

f al se disablesthe use of Kickstart, while avalue of t r ue enables the use
of Kickstart, in which case sites specified inthe si t es. xm file must have
valid gr i dl aunch attributes. The maybe value will enable the use of Kick-
start only on sitesthat have thegr i dl aunch attribute specified.

Vdidvaues: true, fal se
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pgraph

pgraph.graph.options

pgraph.node.options

provenance.log

replication.enabled

8 http://www.graphviz.org/
9 http://www.graphviz.org/
10 http://www.graphviz.org
11 http://www.graphviz.org

Default value: f al se

Swift can report application errorsin two modes, depending on the value of
this property. If set tof al se, Swift will report the first error encountered and
immediately stop execution. If settot r ue, Swift will attempt to run as much
as possible from a SwiftScript program before stopping execution and report-
ing al errors encountered.

When devel oping SwiftScript programs, using the default value of f al se
can make the program easier to debug. However in production runs, using

t r ue will allow more of a SwiftScript program to be run before Swift aborts
execution.

Validvaues: true, fal se,<fil e>

Default value: f al se

Swift can generate a Graphvizs file representing the structure of the
SwiftScript program it has run. If this property issettot r ue, Swift will save
the provenance graph in afile named by concatenating the program name and
theinstance ID (e.g. hel | owor | d- ht Oadgi 3151 61. dot).

If settof al se, no provenance graph will be generated. If afile nameis
used, then the provenance graph will be saved in the specified file.

The generated dot file can be rendered into a graphical form using Graphvizo,
for example with a command-line such as:

$ swift -pgraph graphl.dot ql.swft
$ dot -ograph. png - Tpng graphl. dot

Valid values: <stri ng>

Default value: spl i nes="conpound”, rankdir="TB"

This property specifies a Graphvizio specific set of parameters for the graph.
Valid values: <st ri ng>

Default value: col or =" seagreen", style="filled"

Used to specify a set of Graphvizii specific properties for the nodes in the
graph.

Vadidvaues: true, fal se
Default value: f al se

This property controls whether the log file will contain provenance informa-
tion enabling this will increase the size of log files, sometimes significantly.

Vaidvaues.true, fal se
Default value: f al se

Enables/disables replication. Replication is used to deal with jobs sitting in
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replication.limit

sitedir.keep

sitesfile

status.mode

tc.file

tcp.port.range

throttle.file.operations

batch queues for abnormally large amounts of time. If replication is enabled
and certain conditions are met, Swift creates and submits replicas of jobs, and
alows multiple instances of ajob to compete.

Valid values: positive integers

Default value: 3

The maximum number of replicas that Swift should attempt.
Validvaues: true,fal se

Default value: f al se

Indicates whether the working directory on the remote site should be | eft in-
tact even when arun completes successfully. This can be used to inspect the
site working directory for debugging purposes.

Validvalues: <fi | e>
Default value: ${swi ft . hone}/ et c/ sites. xn

Points to the location of the site catalog, which contains alist of al sites that
Swift should use.

Vaidvalues: fi | es, provi der
Default value: fi | es

Controls how Swift will communicate the result code of running user pro-
grams from workers to the submit side. Inf i | es mode, afile indicating suc-
cess or failure will be created on the site shared filesystem. In pr ovi der
mode, the execution provider job status will be used.

provi der mode requires the underlying job execution system to correctly
return exit codes. In at least the cases of GRAM2, and clusters used with any
provider, exit codes are not returned, and sof i | es mode must be used in
those cases. Otherwise, pr ovi der mode can be used to reduce the amount
of filesystem access. (since Swift 0.8)

Validvalues: <fi | e>
Default value: ${swi ft . home}/ etc/tc. data

Points to the location of the transformation catalog file which containsin-
formation about installed applications. Details about the format of the trans-
formation catalog can be found here12.

Valid values: <st ar t >,<end> where start and end are integers

Default value: none

A TCP port range can be specified to restrict the ports on which GRAM call-
back services are started. Thisislikely needed if your submit host is behind a

firewall, in which case the firewall should be configured to allow incoming
connections on ports in the range.

Valid values: <i nt >, of f

12 http://vds.uchi cago.edu/vds/doc/userguide/html/H_TransformationCatal og.html

32


http://vds.uchicago.edu/vds/doc/userguide/html/H_TransformationCatalog.html
http://vds.uchicago.edu/vds/doc/userguide/html/H_TransformationCatalog.html

Swift User Guide

throttle.host.submit

throttle.score.job.factor

throttle.submit

throttle.transfers

Default value: 8

Limits the total number of concurrent file operations that can happen at any
given time. File operations (like transfers) reguire an exclusive connection to
asite. These connections can be expensive to establish. A large number of
concurrent file operations may cause Swift to attempt to establish many such
expensive connections to various sites. Limiting the number of concurrent file
operations causes Swift to use a small number of cached connections and
achieve better overall performance.

Valid values; <i nt >, of f
Default value; 2

Limits the number of concurrent submissions for any of the sites Swift will
try to send jobs to. In other words it guarantees that no more than the value of
thisthrottle jobs sent to any site will be concurrently in a state of being sub-
mitted.

Valid values; <i nt >, of f
Default value: 4

The Swift scheduler has the ability to limit the number of concurrent jobs al-
lowed on a site based on the performance history of that site. Each siteisas-
signed a score (initially 1), which can increase or decrease based on whether
the site yields successful or faulty job runs. The score for a site can take val-
uesin the (0.1, 100) interval. The number of allowed jobsis calculated using
the following formula:

2 + score* throttle.score.job.factor

This means a site will always be allowed at least two concurrent jobs and at
most 2 + 100* throttle.score.job.factor. With a default of 4 this means at least
2 jobs and at most 402.

This parameter can also be set per site using the jobThrottle profile key in a
Site catalog entry.

Valid values: <i nt >, of f
Default value: 4

Limits the number of concurrent submissions for arun. Thisthrottle only lim-
its the number of concurrent tasks (jobs) that are being sent to sites, not the
total number of concurrent jobs that can be run. The submission stagein
GRAM is one of the most CPU expensive stages (due mostly to the mutual
authentication and delegation). Having too many concurrent submissions can
overload either or both the submit host CPU and the remote host/head node
causing degraded performance.

Valid values: <i nt >, of f
Default value: 4
Limits the total number of concurrent file transfers that can happen at any giv-

en time. File transfers consume bandwidth. Too many concurrent transfers
can cause the network to be overloaded preventing various other signaling
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ticker.disable

wrapper.invocation.mode

wrapper.parameter.mode

wrapperlog.aways.transfer

Example:

traffic from flowing properly.
Vdidvaues: true, fal se
Default value: f al se

When set to true, suppresses the output progress ticker that Swift sendsto the
console every few seconds during a run (since Swift 0.9)

Valid vaues; absol ut e, rel ati ve
Default value: absol ut e

Determinesif Swift remote wrappers will be executed by specifying an abso-
lute path, or a path relative to the job initial working directory. In most cases,
execution will be successful with either option. However, some execution
sitesignore the specified initial working directory, and so absol ut e must
be used. Conversely on some sites, job directories appear in adifferent place
on the worker node file system than on the filesystem access node, with the
execution system handling translation of the job initial working directory. In
such cases, r el at i ve mode must be used. (since Swift 0.9)

Controls how Swift will supply parameters to the remote wrapper script.

ar gs mode will pass parameters on the command line. Some execution sys-
tems do not pass commandline parameters sufficiently cleanly for Swift to op-
erate correctly. f i | es mode will pass parameters through an additional input
file (since Swift 0.95). This provides a cleaner communication channel for
parameters, at the expense of transferring an additiona file for each job in-
vocation.

Vaidvaues: true, fal se

Default value: f al se

This property controls when output from the Swift remote wrapper is
transfered back to the submit site. When set to f al se, wrapper logs are only

transfered for jobs that fail. If settot r ue, wrapper logs are transfered after
every job is completed or failed.

sites.file=${vds. hone}/etc/sites.xn
tc.file=${vds. hone}/etc/tc.data

i p. address=192. 168. 0. 1

11. Profiles

Profiles are configuration parameters than can be specified either for sites or for transformation catalog entries. They
influence the behaviour of Swift towards that site (for example, by changing the load Swift will place on that sites)
or when running a particular procedure.

Profile entries for a site are specified in the site catalog. Profile entries for specific procedures are specified in the

transformation catal og.

11.1. Karajan namespace
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maxSubmi t Rat e limits the maximum rate of job submission, in jobs per second. For example:

<profil e namespace="karaj an" key="nmaxSubm t Rat e">0. 2</profil e>
will limit job submission to 0.2 jobs per second (or equivalently, one job every five seconds).

jobThrott | e allowsthejob throttle factor (see Swift property throttle.score.job.factor) to be set per site.

i nitial Scor e alowstheinitia score for rate limiting and site selection to be set to avalue other than 0.

del ayBase controls how much asite will be delayed when it performs poorly. With each reduction in a sites score
by 1, the delay between execution attempts will increase by afactor of delayBase.

st at us. node alows the status.mode property to be set per-site instead of for an entire run. See the Swift config-
uration properties section for more information. (since Swift 0.8)

11.2. swift namespace

st or agesi ze limitsthe amount of space that will be used on the remote site for temporary files. When more than
that amount of spaceis used, the remote temporary file cache will be cleared using the algorithm specified in the
cachi ng. al gori t hmproperty.

wr apper | nt er pr et er Thewrapper interpreter indicates the command (executable) to be used to run the Swift
wrapper script. The default is"/bin/bash