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Unit & Dynamic Typing in Hybrid Systems Modeling with CHARON

Abstract

In scientific applications, dimensional analysis forms a basis for catching errors as it introduces a type-
discipline into the equations and formulae. Dimensions in physical quantities are measured via their standard
units. However, many programming and modeling tools provide limited support for incorporating these units
into the variables. Thus, it is quite difficult for a programmer to ensure dimensional consistency in the code.
Different existing standards for units further complicates this problem and an incautious use could cause
inconsistencies, often with catastrophic results.

In this paper, we propose an extension of the basic type system in CHARON, a language for modeling of
hybrid systems, to include Unit and Dynamic data types. Through a combination of indirect user-guided
annotations and typeinference, we address the problem of ensuring both dimensional consistency, and
consistency with respect to different unitsystems. Further, we also introduce dynamic data typing, that allows
programmers to specify entities that bind at runtime. Such abstractions are particularly useful to program
controllers for dynamic environments. We illustrate these benefits with an example on mobile robots.
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Unit & Dynamic Typing in Hybrid Systems Modeling with C HARON

Madhukar Anand, Insup Lee, George Pappas and Oleg Sokolsky
Department of Computer and Information Science
University of Pennsylvania
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Abstract—In scientific applications, dimensional analysis
forms a basis for catching errors as it introduces a type-
discipline into the equations and formulae. Dimensions in phys-
ical quantities are measured via their standardunits. However, Gy §i() = Jalse
many programming and modeling tools provide limited support
for incorporating these units into the variables. Thus, it is quite G
difficult for a programmer to ensure dimensional consistency
in the code. Different existing standards for units further
complicates this problem and an incautious use could cause Fig. 1. Obstacle Avoidance Controller Model for a Mobile Robot
inconsistencies, often with catastrophic results.

In this paper, we propose an extension of the basic type

system in CHARON, a language for modeling of hybrid sys- : i : : it .
tems, to include Unit and Dynamic data types. Through a conversion front4-bit floating point to16-bit signed integer

combination of indirect user-guided annotations and type- value. The floating point number which was converted had
inference, we address the problem of ensuring both dimensional a value greater than what could be represented by-a

consistency, and consistency with respect to different unit- bit signed integer. This triggered an exception in software
systems. Further, we also introduce dynamic data typing, that gnqd subsequently the flight failure [17]. As these examples

allows programmers to specify entities that bind at runtime. . o . -
Such abstractions are particularly useful to program controllers lllustrate, it is essential that we focus on providing support

for dynamic environments. We illustrate these benefits with an O Units and their compatibility.

false
true
true

example on mobile robots. While ensuring consistency of units and types is indis-
pensable in general, for hybrid systems, there is also a need
. INTRODUCTION for dynamictypes. Many embedded systems, like that of

When dealing with physical quantities, dimensional analsensor networks and mobile agents, are best modeled as a
ysis is an effective tool to check for compatibility andhybrid system(s). Such applications are characterized by (1)
plausibility. Arithmetic operations on different quantities aredynamic membership of a set of attributes, and (2) attributes
only meaningful if they are of the same dimensions. Anyarying in their type and units. These requirements warrant
assignment or comparison also involves quantities with sinthe introduction ofdynamictype checking. The following
ilar dimensions. It is therefore imperative that, programmingxample highlights these issues.
languages and modeling tools allow specification of variables Example 1: Consider the case of a mobile robot in a two
in appropriate units and incorporate dimensional analys@imensional plane. Suppose that the objective of the appli-
into the type-checking. Surprisingly however, the languageation is to move the robot while avoiding and maintaining
support for unit-types is quite limited, often requiring explicita safe distance from obstacles. A simple hybrid controller
annotations which can be quite tedious. As a consequender the robot is described as in Figure 1. Thestates of
programs are frequently developed with outputs having unhe controller correspond to whether robot is moving with
expected units [6]. constant velocity; ), accelerating,), or deceleratingqs).

Including unit-types in the language alone does not solvEhe transition conditions are described by the conditifps
the problem. Modular programs implemented with mixednd.S; which are defined as:
units (c.f., SI [18], FPS[16], etc.) can harbor serious bugs . )
and can have disastrous consequences. For example, an ons, (x) = { ;gljse gt:g\i/viesg d(Xi, X) > dmaz ;
ground system used in the navigation of the NASA Mars '

Climate Orbiter spacecraft failed to convert between pound-
seconds and newton-seconds in calculating the impulse pro- _ { true if 30; € O,d(X;,X) < dmin ;
- (x) = -
duced by thruster firings, due to a programmer error when false otherwise;
updating_g program used for a previous spacecraft to ir]CIUdewhere O denotes thecurrent set of obstacles detected,
the specification Qfanew model of thruster [9]. Anotherwelki denotes the location of obstadle, andd,, ... d,;, are
known example is from that of the BANE 5 flight 501 safety parameters.
disaster. An internal software exception responsible for the If the set of obstacles is updated based on readings sent in

failure of the launcher was caused during execution of a da{fi‘/ different cameras embedded in the environment,ensuring

This research is supported in part by NSF CCR-0200024, NSF cndhat th_e data has the same type and units has to be performed
0410662, NSF CNS-0509327, and ARO DAAD19-01-1-0473 at runtime. Furthermore, an abstract data array whose mem-



bership can be updated at runtime is useful in modeling many . UNIT TYPES

applications. For instance, with such a dynamic array type, |n the proposed extensions to the basic typing iMEON,

the set of obstacles) is easily modeled. L) we support two kinds of declarations for unit-systems: (1)
The rest of the paper is structured as follows. In Section l|;sing the standard set of units provided in the library, and (2)

we present an overview of ARON. In Sections Ill and IV ¢ystom declaration of unit-systems using timét ~ directive.

we present the unit and dynamic type extensionsHaoN The programmer can specify to use standard unit-systems
and discuss resolution of types and units. Finally, we presegiat are built-in by using thenitSystem  declaration. For
related and prior work and conclude in Section VII. example,define UnitSystem=SlI would indicate that

all the physical quantities to be used will have Sl units. We
plan on supporting other popular unit systems such as the
CHARON is a language for modular specification of in-CGS, FPS, and the US metric standards [16]. By making
teracting hybrid systems based on the notions of agent attte declaration of unit system global, we disallow mixing
mode. For hierarchical description of the system architecturef different unit-systems, which is essential in ensuring
CHARON provides the operations of instantiation, hiding,consistency. However, this restriction only applies &irale
and parallel composition on agents, which can be used mogram or module. Different modules can, in principle, have
build a complex agent from other agents. The discrete amtifferent unit-systems. This is clearly advantageous if the
continuous behaviors of an agent are described using modpsogram is being developed as different modules, possibly
For hierarchical description of the behavior of an agenby different people. If this be the case, there needs to be a
CHARON supports the operations of instantiation and nestingiechanism to reconcile the different systems in use. We will
of modes. Furthermore, features such as weak preempti@ome back to this problem later in Section IV.
history retention, and externally defined Java functions, fa- In order for the type checker to automatically assign units
cilitate the description of complex discrete behavior. Condnder this scheme, we allow variable declaration in terms of
tinuous behavior can be specified using differential as wellasic physical quantities. These physical typesypg will
as algebraic constraints, and invariants restricting the flole derived from the base typeal . This admits inference of
spaces, all of which can be declared at various levels dbth thebasetype and the unit for the variable. The following
the hierarchy. The modular structure of the language is nekample clarifies the usage.
merely syntactic, but also reflected in the semantics so thatExample 3:Consider the example of the robots from Ex-
it can be exploited during analysis. ample 1. Let us say that we want to declare the displacement
The key features of @ARON are its architectural and be- of the robotx in the Sl units. This can be declared as,
havioral hierarchy, and constructs for discrete and continuous— .
. define UnitSystem =SI ;
update of variables [2]. jength x [2]:
Example 2:The following code snippet shows how
CHARON model of the obstacle avoidance controller from By declaring the variabl& to be of the typdength , the
Example 1. The controller has three locations labeled Coprogrammer specifies both the base tyRedl ) and also its
stantVel, Accel, and Decel. The two continuous variables aignit (meters). |
the velocity (v) and the position (x). The mode TopMode We define ther basic physical typep{ype$in CHARON
captures the entire model. This mode is composed of thgsed on the fundamental physical quantitig?? =
three modes. The code for mode ConstantVel is also giveiiength, Mass, Time, Temperature, Current, Amount of
below. Here, the rate of change of position and velocity arg substance, Luminous intengityAny other physical quan-
captured by specifying the differential equation associategty can then be described using these bagsigpes Each
with it ( # = v, andv = 0). The transitions between statesof thesepTypeswill have an associated unique unit which
are specified in the TopMode as shown. is decided by the programmer. Since all reasoning is based
on dimensional analysigyTypes will form the basis of
type-checking here rather than the units. Therefore, we will

II. OVERVIEW OF CHARON

mode TopMode (real x1, real vl1){

write analogx,v; use the termeTypes and unit-types interchangeably in the
mode ql= ConstantVel (); . .
mode q2= Accel (); discussion.
mode 3= Decel (); In CHARON, new pTypes can be defined using the
trans from default to q1 when true do {x=x1;v=vl;} declaration define pType Iy = pType _expr , where
trans from gl to g2 when  (Su(x)= true ) do {} pType _expr is an arithmetic expression on basic physical
trans from g2 to ql when (Su(x)= false ) do {} types
y Example 4:In the robot example (Ex. 1), the programmer
mode ConstantVel can define velocity as a derived physical type using Veloc-
0 ) A
{ ity=Length/Time. Therefore,

write analog real x,v;

define UnitSystem =SI ;
define pType velocity = length /time ;

diff {d(x)== v; d(v)==0}
inv{Su(x)=true }

}

will allocate the variables to be inferred as an floating point
O array of size two having the units of meters/sec. O



The alternative to using predefined unit-system is to cusmit type. A programmer can also explicitly declare floating
tom declare it. In this case, the programmer can specifyoint quantities to b@odim or can annotate them after the
the units she chooses to use. The alternate system of urtitpe-inference procedure is completed. This idea is explained
can be defined by using thenit keyword. However, the further in Section IlI-B.
programmer can only specify the units of a basic typ®h It must be emphasized that the unit-types are built on
This is to disallow mixing of different units of measurementthe regular type system and this prevents the system from
within the same program. In a few cases, a combination dfaving to qualify ill-formed unit-types. For instancedfis
units can be given a specific name. For instance, one Newtdeclared as a constant with no dimensidhs,Hello would
of force is equivalent to onég - m/s. To permit use of be assigned a unit-type of length (Sec. lil, Table ). However,
such units, the keywordquiv can be used aftaunit to this would fail the regular type check and thus would not be
indicate that the units are equivalent. The following examplegrmed as a permissible expression.
illustrate the use of types and keywords introduced here.

Example 5:1If the displacement in Example 1 is to be
measured in kilometers and time in hours instead of metersIn the previous section, we have introduced the unit types
and seconds respectively, it can be done using, in CHARON and the syntax to specify them in programs.
Here, we describe the process of type checking the unit types
and the procedure for type inference that we use to deduce

A. Unit Type Resolution

define unit length kilometers
define unit time hours

define pType velocity = length /time ; the unit types of dimensionless quantities and constants. The

length x [2]; Table | gives the syntax and thg typing rules for a_subset

velocity v [2]; of the CHARON language. The unit-type checker applies the
rules to check whether the expressions have consistent unit-

This will cause length to be interpreted Kilometers . typing after the regular type checker is done checking the

Consequentlyyelocity ~ will automatically be interpreted program.

in Kilometers/hour. O In the table denotes the set of all physical typesis

Example 6: Suppose a programmer has declared the unigsmapping that maps the physical types to their unitsland
of mass, length, and time to lkg,m ands respectively. Now s a typing context, i.e., the context that keeps track of the
if she wishes to use and declare units for force, she couRfysical types of variables and expressions in the program.

do so with the following set of commands. The table is presented as a sequence of inferegce rules that
define pType force = mass«length /(time )"2 the type checker uses. Therefore, a rule of the férwould
define unit equiv force newton mean that, upon seeing a declaratiénour inference of the

typing would be as specified iB.
By usingequiv , the programmer lets the type checker know The rulesT; — 75 give the typing rules for a subset of
thatnewton is equivalent to the default set of units, whichyariable declaration<; deals with the declaration of a new
in this case iskg - m/s”. U physical type. In this case, the set of physical tyfess
Although the programmer can specify her own units usingugmented with the new type in the declarat{éh and the
unit  keyword, GHARON has no way to know the seman-units of the new type are set to the units of the evaluation
tics of it. This means that a declaratiamit length of the typed expressions. For examptigfine pType
Km would work in the same way asinit length velocity = length/time would causevelocity  to
Kilometers  in Example 5. We introduce the directive be assigned the quotient of default units of length over time.
unit, unitto unity (var) = unit _expr ; to explic- TF represents a regular expression on typed restricted to a
itly tie the custom-defined units with the standard set of unitgroduct or quotient of other physical types (or consequently,
Example 7:In the Example 5, the conversion to Sl unitstypes raised to integer powers). Addition and subtraction

can be specified as, of two physical types is only meaningful when both the

. — summands are of the same physical type. Therefore, there
define unit time hours . . .
hours unitto seconds (y) = 3600y will never be the case that a sum/difference of physical types
seconds unitto hours (y) = y/3600; yields a new type and we can safely ignore these operations

on the typed expressions.
Note that we have conversions from seconds to hour andTheunit declaration causes the mappifitp be updated
vice versa. This is important to ensure that interoperabilityr;,) and other datatypes (bool, int, etc.) are assigned the unit-

between modules written in different units. U type ofnodim (73). The rulesT; andTs are concerned with
The GHARON type checker will verify whetheboth direc-  typing of arrays. The notation.[] : # denotes? to be the
tions of conversion are specified. type of the variable array.

Not all variables in a @BARON program will be physical Typing rulesTy — Tyo are rules for inference of types.
guantities. For instance, booleans and some constants hdves essence of the rules is that, sum, difference, comparison
no physical units. To deal with these quantities, we introducand assignment of expressions should have the same unit-
a nodim type that can be assigned to variables that argpe. In these rulesF represents a regular expression on
dimensionless, and consequently without a unit. All typesariables involving common arithmetic operations. In case
other tharreal such as booleans will also be assigned thisf differential equations, the variable and the expression



Typing Rules:

Ty : New physical types
pType 6 =TE

P =PuU{0},£(9) := £(ITE)

T> : New units
unit 0 u

£(0) :=u

T5 : Other datatypes
0v,0¢P

I'=TU {v:nodim }

Ty : Arrays
0 array wv[size],0 € P

I'=TU{v.[]]:06}

Ts : Array elements
T'Fo.[]:0,a: nodim

T'Fola]:0

Ts : Sum/Difference of expressions
I'HE,:0,Ex:0

THEL @ F2:0 ®e{+, -}

T, : Product/Quotient of expressions
I'FE:0,,E3: 62

I'E ® Ex:=01®02
® € {*,/}, 61 ® nodim = 61, nodim x 62 = 62

nodim /62 = (82)~*, nodim ~! *< nadim

Ts : Exponentiation of expressions
'+ Eq:6,c:nodim

'+ E; " c:6olel nodim llel “f nodim
Ty : Assignment and comparison
'tv:0,E:6
I'Hv < E:nodim <€ {i=,=,%,<,>,>,<}

Ty : Differential equations
TFv:01,E:02,8(02) - &(time) = £(01)

I'+-d(v) = E :nodim

TABLE |
UNIT TYPING RULES FORCHARON

Indeed, depending on context, constants suchaild have
multiple unit-types. Instead of imposing that all of them be
explicitly annotated, we propose to automatically infer the
types of unknown quantities and prompt the programmer to
annotate them only on a reduced set of constraints. This
process is similar in principle to the annotation-less type
inference approach in [10] but differs in being semi-explicit
(some units are known) and the constraints generated are in
terms of physical dimensions rather than units. The inference
process is done in two phases. The first phase involves
constraint generation and the second phase involves solving
these constraints.

Constraint generation: In this phase, the code is first
analyzed and the expressions whose type cannot be resolved
using the rulesl; — Ty are assigned an variab}el'ype
of ¢t. Typically, the equations that are not resolved by the
checker include ones that have implicit constants multiplied
in them. For instancey = /v is one such equation. Here,
the constantl on the right hand side has dimensions of
(Length)z (Time)z. To cope with such expressions, we
include a fresh unit-typéwith every equation that either has
a mismatched unit or one which lacks constants. This step is
not essential for equations which has constants of unspecified
type. such as the equatian= 3,/v where the constartcan
be assigned the appropriate dimensions. Finally, we equate
the dimensions on both sides of the equations to generate
the constraints. The following set of examples illustrates the
procedure.

Example 8:Consider the equation = /v. The left hand
side of this equation has dimensions(@fength) while the
right hand side has dimensiorigength)z (Time)~2. To
ensure equality, we introduce a consta@ind denote its type
to bet;. With this constant, the type equality requirement
now becomesL = t; « L3 +T—3 whereL denotes the length
andT the time. Equating the dimensions bfandT" on both
sides, we can get the following equations = tI + % and
0 = t{ — 5. Solving these equations yields the type (and
hence the units) of the constant to f&)z (T)z. O

The unit-type checker makes it run through the program

differ in the unit of time. For product and quotient of and automatically creates constraints for expressions that do
expressions, there are a few cases depending on whethgf unit-type check.

one of the expressions is of typedim . The rules check  Example 9:Consider the following code snippet imple-
for consistency of the physical types, and since the physicalenting the robot example (Ex. 1) in locatign: Let us
types have aniqueunit throughout the program, their units assyme that: is declared to be one-dimensional and of
will also be consistent. physical typelength but v is only declared aseal . The

~ Before we close the discussion on typing rules, we mefigpe constraints generated are indicated as comments.
tion that we have not considered type casts with the exception

of casting constants to a particular physical type. Thigeal analog velocity

restriction is placed so that programmers cannot arbitrarily;+s (q(x)==v): /
cast one physical type to another. It can be argued that thedgf (d(v)==0); /
are very few situations, if any, where such type casts would . ] ] )
be meaningful. However, we leave the possibility open, dfiereL andT refer to the length and time dimensions used in

allowing limited class of such explicit casts in future. dimensional analysig, is the type assigned to the implicit
constantl, t; is the type associated with variahleandi. is

B. Automatic Inference of Unit-types the type associated with the constanwe get the following
The typing rules introduced in the previous section willconstraints from these} + ¢ = 1 (EquatingLengthin the
fail to check equations and assignments where only some fafst equation)#Z +¢7 +1 = 0 (Equatingtime), and similarly,
the quantities have a declared physical types. Examples ©df = t& andtZ + 1 = 0 from the next equation. ]
this could include constants which are not explicitly declaredlhe generated constraints can be solved using standard

L=t0 x=t1 =T
t1 t2 T

*

/
/




equation solvers. In case the system is such that there ardn the syntax for specifying dynamic typdType bf is
more variables than equations, the programmer is promptadboolean function on variablégl,...,Vn andx. If the
to provide the minimum number (Number of equations functionbf evaluates to true, thexwill be assigned a type

number of variables) of missing types of variables. var . The typevar here, is treated as a subtype of type
pType.
IV. DYNAMIC TYPES Example 10:Consider the problem of mobile agents mov-

ing in the plane with the same speed but variable heading

) direction. Each agents heading is updated as the average of

Tléc?yﬁrzrr\g; anays o its heading and a set of its nearest neighbors. As the agents
— move, the graph induced by the nearest neighbor relationship

T'=TU{var.get() : 0 . . . . .
7 . dTypes{ 9etQ+ 0} changes, resulting in switching. In this case, you want to

define dType var(T x,..)= bf; . T - bf:bool ensure that only the nearest neighbors’ data is read at any
, D=DU{var <: T} agent. We can enforce this check by introducing a dynamic
T, : Runtime Unit Typing ) type to handle the situation. Here is a code snippet with the
I' Fvarhandler :60,0 € P,¢ (0) =&(9) type declaration.
T" - extern handler (var, varHandler) true
TABLE Il define dType near (Cd xn, Cd xs) = {
if (d(xn,xs)<dmin)return true ;
PARTIAL SET OF TYPING RULES FOR DYNAMIC TYPES INCHARON return false

}
near dynArray N;

In addition to unit types, an orthogonal but useful ab;. . - . .
; ) ’ . X It is assumed thatn are the 2-dimensional coordinate3d)
straction for modeling many hybrid controllers is that of

q ot h wo f 0 d i tvoi of a neighbor andcs are the co-ordinates of the agent and
a dynamictype. there aré two Tavors to dynamic typing.y ey, ins the distance between different co-ordinates. If the

In thte f![rst .f?se’ \évet conS|ddert d&ta stliuctl,(ljr?rs] th?t h"’.‘tved?stance between them is less thdmin , then the neighbor
constant unit-type but are updatexiternallyand therefore i qeualifies as beingear . 0

is essential to ensure that the writes to the variable by th
external agent be of the same type and units. A. Inference of Dynamic Types
In the second kind of dynamic types, we consider variables
that can acquire different abstrattpesat runtime. Such
dynamic types are defined as a subtype relation on static u
types. This implies that, while variables have the saffigpe
(and hence the units) throughout the program, they c

belong to multiple dynamic types. For instance, in the robg eclared. The rulé}' describes the typing for declaration of

Eaxnzr?hplzm(g)t(ﬁ elrz ' e\il\tlf? ef?g t? ee gﬁ;);aglre;todgg e%fd?r-:-é]/poen a newdType The effect of the declaration is that, the variable

the relative distance from the robot. The main advantage ifc’f;"
such abstractions is that they separate updatedefinition
and useof the variables.

The syntax for specifying these dynamic types is,

The Table Il gives a partial list of typing rules for the
pstract types introduced here. The rillegives the typing
or arrays. The effect of declaring a dynamic array is the
Same as that of static arrays except that nowvireget
ethod will be expected to return with a value of type as

D, the set of alldT'ypes. The notation<: indicates the
sub-typing.

Finally, the ruIeTé describes type-checking of external
binding. This rule is different from the rest, in that, it is

pType dynArray var ; interpreted at runtime. Therefore, a runtime support needs
extern handler — (var , varHandler ); to be provided to the GARON compiler and type-checker.
define dType var (T x,T1 V1,...)= bf : While this may not be possible in general, a wrapper can

be built around each KARON program that implements

Since G4ARON is built on Java, we use theector object ( this check for every input and output. A discussion on
java.util.Vector ) to construct the dynamic array. We runtime support for dynamic types in Java can be found
cannot use thevector class directly as it allows allows in  [15]. We plan to follow up on that, and develop a
two different types of objects to be added. We remedy thigintime support for @ARON in future. Nevertheless, with

by havingdynArray restrict member updates to be onlysuch a system in place, the external conféxand mapping

of type pT'ype. Apart from this restriction, all other methods function ¢ can be called to check whether the quantities
inherited from theVector are provided for use. Examples returned by the external handler have the same units. In case
of these methods includeadd, delete, isEmpty, of discrepancies, the runtime can then usétto , ifitis

get , etc. The entire list of methods for théector class defined, to supply the value of the variables in the right units.
can be found in the Java documentation page [12].

The keywordextern can be used to declare an external
function that updates the members of the array. This decla- There are several modeling tools for hybrid systems such
ration has the effect that it lets the runtime know that thas GHARON [2], PTOLEMY [7], SHIFT [8], and the Mat-
unit-type and unit-system check has to be performed befolab/Simulink Hybrid Toolbox [11]. A listing of many tools
the function can update the members. and their description is available at [20]. Ptolemy has a

V. RELATED AND PRIOR WORK



provision to incorporate units. Currently, their system hagyping rules for unit types based on indirect user-guided
the Sl units hard-wired and it does not yet support automatannotations and automatic inference. We have also proposed
unit-type inference and dynamic types lid@ype . a scheme to include runtime checking of units that would
Adding unit information to programming languages haselp in automatically convert between different unit-systems.
been the topic of frequent research. Languages such VA& are currently working on implementing these features in
C++ have powerful extensions that the unit type informatiolCHARON.
can be added within the language with concepts such asAcknowledgmentde would like to thank Gunjan Gupta,
overloading and templates [6]. In other languages, such aad anonymous reviewers for their suggestions in improving
Java, units have been treated as a class [1]. There have als® paper.
been a few scientific tools that consider units such as a
unit-checking tool for Microsoft Excel Spreadsheets [3] and
Unit extension for FORTRAN [19]. In many modeling tools [1] Eric Allen, David Chase, Victor Luchangco, Jan-Willem Maessen, and
such as Modelica [4], dimensions and unis are a part of =25 O L. Stede, Ohiectoriented unis o measurementigty
the language specification. However, there exists no strategy languages, and applicationgpages 384-403, 2004.
to analyze and verify dimensional integrity in a arbitrary [2] Rajeev Alur, Radu Grosu, Yerang Hur, Vijay Kumar, and Insup Lee.
language construct of Modelica and there is an ongoing g/'_oldgmgroz%?c'f'cat'o” of hybrid systems in CHARON.HISCG pages
project to incorporate them [5]. [3] Tudor Antoniu, Paul A. Steckler, Shriram Krishnamurthi, Erich
A common approach to adding unit types is to let the  Neuwirth, and Matthias Felleisen. Validating the unit correctness
user annotate quantitigs with their gppropriate units. This gfoﬁ?ére;dcseh%e,: ‘éff?viir?es'egﬁiﬁfrggsg gg—ﬁtg, I\r/]\tlggr;\?rggtgil,
scheme however requires all quantities such as constants pc, USA, 2004. IEEE Computer Society.
have explicit units and therefore can be quite tedious. Td4] Modelica Association. Modelica specification, version 2ttp:
reduce the bur_den of annotations, researches have Suggesfﬁdltl)m'smrg?:gﬁégt%ﬁc di'n'::r?srité;rgl ﬁ%i?ysis in modelicutp:/
embedding unit types in a type system like that of ML that = www.ida.liu.se/"davbr/dim-analysis.pdf i
supports type inference [21], [13]. Kennedy [13] implements[6] Walter E. Brown. Applied template metaprogramming in SI units:
a algebraic technique that allows only integral exponents and %emlgtf;?éyp?g;rrg;ﬁzgozoﬁp”tat'on' Becond Workshop on C++
also gives theoretical results on the expressiveness of Sugh Joseph Buck, Soonhoi Ha, Edward A. Lee, and David G. Messer-
a system. A annotation-less unit type inference for C has schmitt. Ptolemy: a framework for simulating and prototyping hetero-
been_ squeSteq in [10] Although S_UCh a Fe_Chnique does n%] %\.enDe:stjr?pzﬁsdt:,m:: Gpﬁ?:fldSZL?_SS:r?\éﬁggtzd. The SHIFT programming
require annotations, it suffers from imprecision as the tool is ~ language for dynamic networks of hybrid automata.
context-insensitive and the constraint solving can become Bl Edward A. Euler, Steven D. Jolly, and H.H. "Lad’ Curtis. The failures

: of mars climate orbiter and mars polar lander: A perspective from
bottleneck if the programs to be checked are Iarge' the people involved. IrR24th Annual AAS Guidance and Control

In contrast to the above, our approach utilizes an in-  Conference2001.
direct annotation of the units. This is accomplished byi0] Philip Guo and Stephen McCamant. Annotation-less type inference

- . . for C, pag.csail.mit.edu/6.883/projects/unit-type-inference.pdf, 2005.
supporting phySICaI quantity types such mch and [11] Hybrid Toolbox - Hybrid Systems, Control, Optimization.

temperature  and specifying the unit-system to be used.  nttp:/mww.dii.unisi.it/nybrid/toolbox.

Type inference is used to check consistency in differentid}2] Jzavé}l 32/d P't’;ltfo_;,m aIStEV Ciasit \I/ector- http://java.sun.com/
. JZse/l. ocs/apl/java/util/vector.ntmi.

operators and of ConStantS' Th_e dynamlc types are mana Andrew J. Kennedy. Relational parametricity and units of measure.

with the help of a runtime environment that evaluates and * in POPL '97: Proceedings of the 24th ACM SIGPLAN-SIGACT

REFERENCES

decides the types of objects at runtime. symposium on Principles of programming languagesges 442-455,
New York, NY, USA, 1997. ACM Press.
V1. | MPLEMENTATION OUTLINE [14] Moonjoo Kim, Mahesh Viswanathan, Sampath Kannan, Insup Lee,

) . . ) o and Oleg Sokolsky. Java-mac: A run-time assurance approach for
The implementation of unit and dynamic type checking is  java programs. Formal Methods in System Desig4(2):129-155,

; i 2004.
orthogonal to the regular type checking itARON . After 15] Scott Malabarba, Raju Pandey, Jeff Gragg, Earl Barr, and J. Fritz

the type Chef?ker returns S'T'CCES_SfU”yv. the code hgs 0 D€ Bames. Runtime support for type-safe dynamic java classes. In
parsed for units and generating dimensional constraints. Java Proceedings of the 14th European Conference on Object-Oriented
tools such as JavaCC can be used to automate the constraint Programming pages 337-361, London, UK, 2000. Springer-Verlag.

. . . . . Eﬁ NIST. Preferred metric units for the general use by the federal
generation. The next phase involves solving the unit typing ™ government, 1993.
constraints and this can be done by invoking any equatidnv] Bashar Nuseibeh. Ariane 5: Who dunnit? IEEE Software Vol. 14,

i ; Issue 3, pages 15-16, 1997.

solver. For dyn?‘.mlc types, we nee.d a runtime support fE{B] International Bureau of Weights and Measures (BIPM). The interna-
CHARON. Specifically, we need to instrument the code t tional system of units, 1998.
monitor the changes and then tie the changes to the typ&®] Grant W. Petty. Automated computation and consistency checking of

i ; physical dimensions and units in scientific progran®oftw. Pract.
We plan on using several concepts from the Java runtime Exper. 31(11) 1067-1076, 2001,

monitoring and control, Java-MAC [14] to implement thepp; Hybrid System Tools. http://wiki.grasp.upenn.edu/ graspdoc/hst/.
dynamic typing. [21] Mitchell Wand and Patrick O’Keefe. Automatic dimensional inference.
In Computational Logic - Essays in Honor of Alan Robinspages
VIl. CONCLUSIONS 479-483, 1991.

In this paper, we have described a framework to incorpo-
rate unit types to verify and ensure consistency in scientific
modeling tools such as hybrid systems. We have presented



	University of Pennsylvania
	ScholarlyCommons
	October 2006

	Unit & Dynamic Typing in Hybrid Systems Modeling with CHARON
	Madhukar Anand
	Insup Lee
	George Pappas
	Oleg Sokolsky
	Recommended Citation

	Unit & Dynamic Typing in Hybrid Systems Modeling with CHARON
	Abstract
	Comments


	Unit & Dynamic Typing in Hybrid Systems Modeling with CHARON

