Outline

» Last time: Cal language for declaratively
specifying actors

actor A (k) Inputl, Input2 ==> Qutput

action [a], [b] ==> [k*(a + b)] end

end

« Today:
— Ptolemy expression language

wap {
function( rec:{Genell = string, Start = int, End = int, Queryitart = int, QueryEnd = int} )
merge (rec, {AccessionMumber=hocIium}) .,
Homo loghrray)
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Ptolemy Il Expression Language
e ... can be very useful for “data plumbing”

& file: /C:AkeplerAvorkflows/s pasPIW sant M=)
Fie Vew Edt Groph Debun Hep

Q@ PO REEDL e

Actors | Data HE DItk

Promoter identification workfiow (PIW) aims at constructing
oo models of transcription factor binding sites to identify
co-reguiated genes, starting from microarray data.
text[7] concept Right click and Configure to modify the gene Accession

Numbers in quotes separated by commas to be imvestigated.
5
1 Diectars
SYAcirs
iy GenehccessionNumbertist g i larcATo s
) Imge Maripulston
22 GidFurctons
Wb Senices
1 Datenining
2 DomainSpecif
20 Extemal Executon Envionnd
i nputs Shows the physcal alignment
s of multiple gone smquence
) Constants Usas DOBL.ClusalW Multiple
21 Converers Alignment Tool.
B Gt Sucnass This actor executes
=i “Gene Seauence Pocesing”
i 019 Puctions ettty
] Sting Functons

21 Variables

ClustalW Results Displa

ArrayToSequence

Autors
Mat Coleman from Lawrence Livermore National Laboratory Version: $Revision: 1.13 §

1| lhay Avintas. Zhongang Crang, Xiaowen Xin from the SPA projact ;

[« RIS | B S : SAuthor: altintas § ~

e < >
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PIW.xanl¥Gene Sequence Processing, g@a

LI L e

e Accession Number and Sequence Display

Get Sequence

sum(input)

G;mm:\:assion Number P IW EX an

SequencaToATay  Expression Fasta Output,

. S p ing.Blast

SpuoaayBEIowon

O p e

Sequence

do_blast parse_blast

IIW.xml. .. Sequence Processing Blast.parse_blast

IOdE e e

Merge Index
Get rif of the DOCTYPE because Xerces wants to validate it ap(ur {ndexcin... |
input Expression
HomologRec

StringTeXML

a inputy XPath
| y L
Expression2
"/BlastOutputBlastOutput_iterations/fteration/lteration_hit...

PIW Example

M.m‘nl#Gene Sequence Processing.Blast.do_blast

=19

CrR T e

e filename: CWD + PIW-BLAST-input.bd™

e delimiter: —
- Expression
previous, count==0 ? readFile(flename) : previous
SampleDelay Expressions
SampleDelay2 ] ¢ inputsplit[delimiter)

i

Expression2

BoolearfSwitch
T, BlastWeb Senice

Expression3
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& Expression Evaluator g@

File Help

prox =z o
Z

Fr XK -

: Example Expressions

> {a=1, b=2}

{a =1, b = 2}

>> {&a=1, b=Z}.get("a")

il

> input

The ID input is undefined.

>> gin(pif2)

1.0

s> [1:2:10] |
[1, 3, &, 7, 9]

>> sin((pi/f10) *[1:2:10])

[0.3090169943745, 0.6090169943749, 1.0, 0.8090165943749, 0.3090169943749]

s> [1:2:20] (O0,2)

15

(%] | [2]

e 1==1.0 (value comparison-> true)
e 1l.equals(1.0) (also type comparison - false)
* BooleanExpr ? TrueExpr, FalseExpr
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e constants (pi, e, true, i, ...), literals (2.0, 2, 2+3i, “a string”, ...), variables (x, ...),

Use of Expressions

* in actor parameters (beware of string parameters though)
* in port parameters
— a parameter that is also a port

— provides a default value, which can be overridden with the value
provided at the port

A Utiies AWuous T1me (CT) Solver customize the name:
[E] compostteCiassoeiintion
Composteackr

| Decorative > portParameter:

= 4 Parameters » Configure (CtriE)  Ctr4E.
-P- parameter=

-S- StringParameter=
-F~ FieParameter=
-C- CalorAtribute=

¥

-P-

-V- RequireVersio Rename noiseL evel

B scopetsdenir
# ) UnitSysterns D noisete ’\6) New neme: Level
? naiseLeve
‘ Showneme: ()
Get Documentation
" 2

Edit Parameter noiselevel

‘\?) noiseLevet [ 100]

[P noiseLewl: 100

FIGURE 3.2. A portParameter is both a port and a parameter. To use it in a composite actor, drag it into the

. actor, change its name to something meaningful, and set its default value.
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Sinewave

Sinewave

=

Customize Name ‘
Get Nncumentatinn

fo] Edit parameters for Sinewave L x|
Liste
. \~) samplingFreauency:  faooo.of
—_— frequancy: 4400
phase; 0.0
Sinewave
E}D Cornmit I Add | Remave | Edit Styles Cancel
Configure
Custornize Name SDF Director
Get Documentation Generate a sine wave.
Configure Ports
Listen to Actor I::> frequency: 440.0 Ramp TrigFunction output

I:> phase: 0.0

“

Edit parameters for Ramp

Customize Name
Get Documentation
Configure Ports
Listen to Actar

ISet Breakpoints

x|

'@ firingCountLimit: ||

Look Inside

init. phase

step: frequency*2*PlisamplingFrequency

Commit |

Add | Remove Edit Styles Cancel |

4

FIGURE 3.3. Sinewave actor, showing its port parameters. and their use at the lower level of the hierarchy.

Expression
Expression I
Configure .
Custmze are Xpression AcCtor
Q) Get Documentation
Look Inside
Listen to Actor ‘
(®)
Configure ports for Expression x|
THEE g input & output € multiport R nknovn
Expression . e E——
‘ " Ginput © output C multiport 3 unknown
(d ¥ { ¢ ouput C mutipot YOPE Junknown

Cnmmitl Add | Remnvel Help I Cancell

\4

©

Edit parameters for Expression E

|

Expression

\) expression: f + cos(y]

Add | Remaove | EditBtersI Cancel

»

| ®

(e)

FIGURE 3.5. Tllustration of the Expression actor.

The Expression actor by default has one output and no inputs (a). The first step in using it is
to add ports, as shown in (b) and (c), resulting in a new icon as shown in (d).

In (c) when you click on Add, you will be prompted for a Name (pick one) and a Class. Leave
the Class entry blank and click OK. You then specify an expression using the port names, as

shown in (e), resulting in the icon shown in (f).
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Composite Data Types

» Arrays
— ... are ordered sets of tokens, e.g.:
-{1, 2.3}
- {{1, 2}, {3, 4, 5}}
— element access:

« >>{1.0, 2.3}(1)
23

* Matrices

— ... are multi-dimensional arrays, but of for some (mostly
numeric) types only

« Array and matrix operations available
— E.g. matrix multiplication, multiplication w/ a scalar, etc.
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Composite Data Types: Records ...

— ... like tuples with named attributes
— e.g. {a=1, b="foo"} (note: type is Integer x String)
— parts are accessed as expected:
» {a=1, b="foo"}.a() (or just“.a”)yields ... 1
— operators can be applied as well:
>> {foodCost=40, hotelCost=100}
+{foodCost=20, taxiCost=20}
{foodCost=60}
— works like an intersection
>> intersect({a=1, c=2}, {a=3, b=4})
{a=1}
(this is really “intersect on attributes and pick first”)
— record merge:
>> merge({a=1, b=2}, {a=3, c=3})
{a=1, b=2, c=3}
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Defining Functions
The expression language supports definition of functions. The syntax is:

function(argl:Type, arg2:Type...)
function body

where “function” 1s the keyword for defining a function. The type of an argument can be lett unspeci-
fied, in which case the expression language will attempt to infer it. The function body gives an expres-
sion that defines the return value of the function. The return type is always inferred based on the
argument type and the expression. For example:

function (x:double) x*5.0

defines a function that takes a double argument, multiplies it by 5.0, and returns a double. The return
value of the above expression is the function itself. Thus, for example, the expression evaluator yields:

5

>> function (x:double) x*5.0
*5.0))

(function (x:double) (x
>>

To apply the function to an argument, simply do

>> (function(x:double) x*5.0) (10.0)
50.0

Higher Order Functions; Passing Functions
>> jterate(function(x:int) x+3, 5, 0)
{0, 3, 6, 9, 12}

>> map(function(x:int) x+3, {0, 2, 3})
{3, 5, 6}

SDF Director EIE] & |

SequencePlotter
80 1

Const 60 |

> function(xdouble) x'2

SequencePlotter 40 7
f Expression

20 1

FIGURE 3.6. Example of a function being passed from one actor to another.
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More on those: Haskell Prelude

iterate

definition:
iterate f = =

usage:

fype: iterate :: (a > a) -» a > [a]
description: iterate f x returns the infinite list [x,1x),f{(f(x)),...].

Prelude> iterate

(1, 2z, 3, 4, 3, 6, 7, 8, 9, 10, 11, 12, -u...

: lterate £ (f x)

(+1y 1

map

definition:
map £ xs = [f x |

usage:
PreludeX> map sqrt

type: map :: (a2 -> by -> [a] —-» [b]

description: given a function, and a list of any type, returns a list where each element is the
result of applying the function to the corresponding element in the input list.

X <- Xs]

[1..5]
[1.0, 1.41421, 1.73205, 2.0, 2.23607]

B. Ludaescher, ECS289F-WO05, Topics in Scientific Data Management

References & Further Reading

e Chapter 3 from: C. Brooks, E.
A. Lee, X. Liu, S.
Neuendorffer, Y. Zhao, H.
Zheng "Heterogeneous
Concurrent Modeling and
Design in Java (Volume 1:
Introduction to Ptolemy I1) ,"
Technical Memorandum
UCB/ERL M04/27, July 29,
2004, University of California,
Berkeley, CA USA 94720.

B. Ludaescher, ECS289F-W05, Topics in Scientific Data Management

Chapter 3 from: C. Brooks, E. A. Lee. X. Liu. S
Neuendorffer, Y. Zhao, H. Zheng "Heterogeneous
Concurrent Modeling and Design in Java (Volume
1: Introduction to Prolemy IT) " Technical Memo-
randum UCB/ERL M04/27, July 29, 2004, Uni-
versity of California, Berkeley, CA USA 94720

Expressions

Authors:  Edward 4. Lee
Xiaojun Liu
Steve Neendorffer
Neil Smyth
Yithong Xiong

3.1 Introduction

In Ptolemy II, models specify by composing actors. Many however,
are awkward to specify this way. A common situation is where we wish to evaluate a simple algebraic
expression, such as “sin(2m (x-1)).” It is possible to express this computation by composing actors in a
block diagram, but it is far more convenient to give it textually.

The Prolemy II expression language provides infrastructure for specifying algebraic expressions
textually and for evaluating them. The expression language is used to specify the values of parameters,
guards and actions in state machines, and for the calculation performed by the Expression actor. In
fact, the expression language s part of the generic infrastructure in Ptolemy IL. and it can be used by
programmers extending the Ptolemy II system. In this chapter, we describe how to use expressions
from the perspective of a user rather than a programmer




