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Chapter 1

Introduction

This document serves as a usage guide for the Rosetta specification language. It defines most of the base
Rosetta semantics in an ad hoc fashion and provides general usage guidelines through examples.

The basic unit of Rosetta specification is a facet. Each facet is a parameterized collection of declarations
and definitions specified using a domain theory. Facets are used to define: (i) system models; (ii) system
components; (iii) architectures; (iv) libraries; and (v) semantic domains.

Although definitions within facets use many different semantic representations, the semantics of facet com-
position, inclusion and data types are shared among all facets. Collections of facets are composed using
a collection of common operations that operate regardless of semantic domain. The basic facet definition
provides an encapsulation, parameterization and naming convention for Rosetta systems.

This document describes the semantics of facets in an ad hoc fashion. Its intent is to provide an introduction
to facets and their various uses without discussing any specific domain theory. In addition to facets them-
selves, this document also defines a type system shared among facet definitions. Basic types and operations
available to Rosetta specifiers are identified and primitive definitions provided. Finally, the system construct
used to describe hegerogeneous systems using facets is presented. The system construct supports definition
of facets, assumptions, declarations, and verifications in support of a systems level design activity.



Chapter 2

Facet Basics

The basic unit of specification in Rosetta is termed a facet. Each facet defines a single aspect of a component
or system from a particular perspective. To define facets completely, it is necessary to understand the basics
of Rosetta declarations, functions and expressions. This chapter intends only to introduce the concept and
simple examples of facet definition to motivate the descriptions in following chapters. If concepts are not
fully presented here, assume they will be in chapters dealing with the specifics of facet definition.

A facet is a parameterized construct used to encapsulate Rosetta definitions. Facets form the basic semantic
unit of any Rosetta specification and are used to define everything from basic unit specifications through
components and systems. Facets consist of three major parts: (i) a parameter list; (ii) a collection of
declarations; (iii) a domain; and (iv) a collection of labeled terms. This section introduces the facet syntax,
an ad hoc facet semantics, and provides structure for the remainder of the document. For a formal definition
of facet semantics, please see the Rosetta Language Semantics Guide.

2.1

Facets are defined using two mechanisms: (i) direct definition; and (ii) composition from other facets. In this
section we will deal only with direct definition and defer facet composition to Section 2.3. Direct definition
is achieved using a traditional syntax similar to a procedure in a traditional programming language or a
theory in an algebraic specification language. The general formal for a facet definition is as follows:

facet is

The facet definition is delineated by the facet keyword immediately followed by a
providing the facet with a unique name. The facet label is immediately followed by a comma separated
parameter list denoted above by and the keyword is. The declarations section, denoted by
, is used to declare labeled items and define visibility of locally defined labels. The keyword
e i starts the definition section and is immediately followed by domain theory, denoted ,
used to provide a vocabulary for the definition. Declarations follow in the form of labeled terms, denoted
that provide a definition for facet. The definition concludes with the keyword e  and the facet

label.

As an example, a specification for a fi  component follows:



facet e iste i 1 it ect t it ect s i it s i it is
state it ect
e 1 state ase
if s t e
if s t e state state
e se state s state e if
e se if s t e state s state
e se state i e if
e if
state
e e iste

This definition describes a facet e iste with data parameters i, and of types it ect and two control
parameters of type it. The variable state is defined to hold the internal state of the register and is of
type it ect . As can be deduced from examination of the specification, this register performs hold,
logical shift right and left, and load operations given inputs of , , and  on parameters s and s
respectively.

All Rosetta variables and parameters are declared using the notation T where is a variable name and
T is a type. The notation is used for declarations as it represents bunch membership and all types
are in fact bunches. The notation T creates an item labeled whose values are associated with type T.
The declaration can be viewed as declaring an item  whose possible values are selected from the bunch
associated with T. In the e iste specification, state it ect defines a variable labeled state whose
values can be selected from the bunch type it ect

Parameters are universally quantified variables visible over the scope of the facet. Parameter definitions are
similar to traditional declarations with the addition of a descriptor predicate. Specifically, i i it ect
defines a parameter i of type it ect and declares the predicate i i to be true. The semantics of
i i are defined by the semantic domain currently being used. In the e iste example, the state_ ase
domain defines i to explicitly disallow reference an input parameter in the next state. Specifically, i is
disallowed.

The declaration section following the facet interface includes declarations local to the facet. Items defined
in this manner are visible throughout the facet. Such declarations may be made visible outside the facet
using an e p t statement. In this case, the exclusion of an e p t clause makes all labels visible outside
the specification.

hen referenced in the facet body, a term, variable or parameter is referenced by its label without decoration.

hen referenced outside the facet, labels are referenced using the facet name as a qualifier. In the register
example, e iste refers to the first term in e iste while e iste state refers to the variable
state.

The e i -e pair delimits the domain specific terms within the facet and declares the facet s domain.
The e i statement opens the set of terms and identifies the semantic domain those terms will use. In
the e iste specification, the semantic domain is state_ ase providing the basic semantics for state and
change in the traditional axiomatic style. Specifying a semantic domain indicates what domain theory the
facet uses for its definition. Every facet must have an associated domain even if that domain is the ic
domain common to all facets.

Terms in the term list define the behavior modeled by the facet. Each term is a labeled, well formed formula
(wif) with respect to the facet s semantic domain.

The general form associated with any term is:

te m



where is the label associated with the term and te mis the definition itself. The label is used to reference
the term in other definitions as well as when the term is exported. All terms defined in scope of the e i -e
pair are considered top level terms.

The e iste wuses two terms to define behavior. The first, labeled , defines the register s next state in
terms of its current state, input and control inputs. The if statement implements the various cases for hold,
shift right, shift left, and load. It should be noted that the shift operations are implemented using the built
in bitvector shift functions s and s that provide logical shifts over bitvector types. The second term,
labeled defines the next output. This simple expression states that the next output is the same as the
next state as defined by term

It should be noted that both terms defined in e iste hold simultaneously. Thus, both the next state
and output definitions must hold for the component to behave correctly. The structure of the specification
is much like the structure of a V DL specification. Each state variable and output parameter is handled
individually. The distinction here is the variability of definition semantics. In this case, the Rosetta function
semantics is used to calculate next values for each variable.

The domain extends the semantics available for specification by adding new definitions and potentially
syntax specific to the domain being specified. In the case of state_ ase , the basic addition is the concept
of current and next state. Specifically in the register definition, state refers to the register contents in the
current state while state refers to the register contents in the following state. The state. ase domain
defines the semantics of

In declarative requirements facets, domains and associated terms are characterized by logical expressions
like those used in e iste . In operational descriptions, terms may be imperative or functional program
fragments. Regardless, the syntax and semantics of terms are determined by the semantics defined by the
facets domain.

Parameter instantiation is achieved by traditional universal quantifier elimination. An object of the specified
type is selected and the parameter replaced by that object.  hen formal parameters are instantiated with
objects, those objects replace instances of parameters throughout the facet specification.  hen is an actual
parameter and is a formal parameter, the notation allows direct assignment of actual parameters to
formal parameters. This notation allows partial instantiation and is sometimes necessary when parameter
ordering in constructed facets is ambiguous.

Consider the following modified e iste specification:

facet e iste i i it ect t it ect s i it s i it is
state it ect
e p t state
e 1 state ase

if s t e
if s t e state state
e se state s state e if
e se if s t e state s state
e se state i e if
e if
state

e fi

This specification is identical to the previous definition except that only the state variable is visible outside
the facet scope. The terms  and  are no longer visible as they are not listed in the export clause. The
variable state is accessed using the name e iste state because e iste is the label assigned to the
facet.



Examples are included here to provide motivation for the facet syntax and to provide context for the following
sections. It is intended that these examples provide an overview, not a detailed language description. It
is suggested that these be referred to while reading subsequent chapters as a means for understanding the
utility of Rosetta definition capabilities.

Example 1 ort De nition dec a ati e s eci cation fo e ui ements and const aints associated ith
a function has the fo o ing fo m
facet s t e 1 1 a ay i tee ta ay i te e is

sea ay tis itee
e i1 state ase
pe m tati i
e e
e s t e

he facet _ de nes a ie of a com onent that acce ts an a a of intege s as in ut and out uts
the a a so ted  his sim e s eci cation demonst ales se e a as ects of Rosetta s eci cation using the
- a tomatic st e

a amete s fo - ae sim an in ut and out ut o a s of t e he facet uses the
- domain a o ing the use of to e esent the out ut in the state fo o ing e ecution  he
ac age _ de ned ate s incuded to o ide de nitions necessa fo de ning sot S eci
ca and hese functions cou d e de ned in the dec a ation section of the ac
age ho e e this de nition is ceane and a o s euse of the a a wutiities in othe s eci cations  ote
that the - ac age is a amete ied o e at e his a amete i ation is used to s eciai e the
- fo an a o datet e
tis ossi eto itea _ de nition that is a amete i ed 0o e the contents of the in ut and out ut
o a his im ementation so ts a a s of intege s though this ma e inte esting f om a edagogica

e s ecti e itisnot a ticua usefu o eusa e hefo o ing de nition a amete i es the facet de nition
oe ana ita t e

facet s t e T type 1 i a ay T ta ay T is
sea ay tis T
e 1 state ase
pe m tati i
e e
e s t e

n this ne - facet the t e associated ith the contents of the in ut and out ut a o s is a
a amete his a o s s eciai ation of the - facet fo  a ious a a contents he on  est iction
eing that an o de ing e ationshi must e de ned on the a a e ements

he fo o ing instantiation of the a amete i ed _ is e ui a ent to the o igina _ facet

s t e itee T

his usage e aces a instances of in the facet ith thet e he esu ting facet is semantica
identica to the o igina - de nition



Example 2 array_utils ac age ac ages a e a a amete i ed mechanism fo g ou ing togethe de ni
tions he a e de ned using the semantics of facets and i e discussed fu in a ate section e e the
de nition of the - ac age used  the _ facet is de ned

pac aea ay tis T type is

ei ic
mi et te me f cc e ces f i i
mi T i a ay T at a is
if i t e
e se if i te mi tai i
ese mi tai i
e if
e if
pe m tati ete mi e if a is a pe m tati f a
pemtati a a ayT a a ay T ea is
f a T mi a mi a
e e ete mi e if a is ee mst e efie T
ee a a ayT ea is
f a i se at a a ai ai
tai et tetai fa a ay ase se e ce tai
tai a a ay T a ay T is ea a
e a ay tis
he _ ac age de mes fou gene a u ose functions fo a a s i i
1 and 1 tisdi cuttoe ain these de nitions fu ithout dee e unde standing of

Rosetta function de nition o0 e e somee o ation i aid in unde standing and  iting mo e com e
s ect cations

san e am e e amine the de nition of

pemtati a a ayT a a ayT ea 1is
f a T mi a mi a

his de nition can e di ided intot o ats i st the signatu e of is gi en as

pemtati a a ayT a a ayT ea

he function name is a e the domain a amete s and

is the etu nt e

he second a t of the de nition fo o ingthe e od denotes the a ue of the etu ne ession he
e ession s eci esthe e mutation tistue hene e eementof occu sin and  the same num e
of times tis fa se othe ise  he s nta of function dec a ation and the semantics of and othe
const ucts a e de ned ate

the functions a e simia  de ned dete mines the num e of occu ences of a aue in an a a
using a sim e ecu si e de nition de nes a  edicate that is t ue hen e e e ement of its a gu
ment a a is g eate than o e ua to the eceding e ement ina fo a a sisde ned e tacting

the e ements into a se uence nding the tai and ec eating an a a Remem e to fu unde stand these
de nitions e ui es fu the mno edge of Rosetta t e and function semantics that i e esented ate



Example 3 ort onstraints n ate nati e ie of a com onent mode s e fo mance const aints  he
fo o ing de mition mode s the o e consum tion const aints of a so ting com onent

facet s t ¢ st
P e ea
ei c¢c st ai ts

P p e m
e 8 tc st

he aia e isa ea num e e esenting o e consumed the com onent he facet od de mesa
sing e te m that imits o e consum tionto e essthano e ua to m oth the semantics of const aints
and the unit const ucto s e ui ed to de ne m a e de ned in the const aints facet

Example 4 Timed ort he facet _ is an ate nati e de nition of so t that aces timing
const aints on the de nition e e instead of modeing hat is t ue in an a st act ne t state the so t is
s eci ed ith es ecttoits eha i0 o e time

facet s t time T type i 1 a ay T ta ay T 1is
sea ay tis T
ei c ti s
pe m tati t ms i
e e t ms

e s t time

his de nition uses the domain athe than the - domain  he notation efe s
to the aue of at time he te m  states that the out ut ms in the futu e must e a e mutation
of the cu ent in ut he te m  states that the out ut must e o de ed ms in the futu e

o notion of ne t state as used e ious is de ned o e e this s eci cation o ides mo e detai in
the fo m of ha d timing const aints  sing the domain the use is a o ed to de ne a ues of
a ia es at s eci ¢ times ith es ect to the cu ent time

Example 5 perational ort  he facet _ o ides an o e ation de nition fo a so ting a go
ithm im ementing a uic so t a go ithm that i so tthein ut S eci ca
facet s t pi i T t T is
s ti se eceT se ece T is
et pi t Tis t t se eceT is tai i i
if i i
te 1
ese s t siepi tt pi t s t siepi tt
e if
siepi t T i se eceT se ece T is
if i i
t e i
e se if i pi t
te i siepi t tai i

ese siepi t tai i
e if

10



siepi t T i se eceT se ece T is

if i i
te 1
e se if i pPi t
te i siepi t tai i
ese siepi t tai i
e if
e if
el c ti ]
t ms s t 1

his s eci cation is inte esting due to its simi a it to a L s eci cation and its e ui a ence to -

he _ s eci cation s eci es that the out ut o amete ms in the futu e is e ua to the esut of
a ing wic so t to the in ut a amete he detai s of the a ication a e unim o tant Su ce to sa
that e c uding the conce t of a ait statement this is uite simia to ho a L s eci cation might e
de ned

he function and the au iia  functions and de ne a wic so tago ithm o e se uences

he de nition fo o s the c assic ecu si e st e s ith othe function de nitions in these e am es these
functions e ui e some fu the stud to unde stand com ete t this oint it is im o tant on to unde stand
that o amete s to the function a e s eci ed as se a ated  the to en and
enc osed ithin a antheses he mna e ession de nes the etu n aue n the case of a aues

ess than o e ua to the i ot aue a e found ecu si e and etu ned

otentia  ceane s eci cation might ha e the fo m

pac a e T is
ei ic
s ti se eceT se ece T is
et pi t Tis t t se ece T is tai i i
if i i
te i
ese s t siepi tt pi t s t siepi tt
e 1if
siepi t T se eceT se ece T is
if i i
t e i
e se if i pi t
te 1 siepi t tai i
ese siepi t tai i
e if
e if
siepi t T i se eceT se ece T is
if i i
t e i
e se if i pi t
te 1 siepi t tai 1

ese siepi t tai i

11



e if
facet s t pi i T t T
ei c ti s

t ms s t i
e s t p

ep ts t p

e e the function s eci cations a e emo ed f om the facet s eci cation  he facet and functions a e inc uded

in the ac age he simi a it to L he e is intentiona  ni e L the ac ageis a amete i ed
a 0 ing s eciai ation fo a ita t es  ote the inc usion of the _  cause his couses
the _  facet to e isi e outside the ac age the dec a ations such as and ae

hidden in the ac age

hy the obsession with sort Thus far, an axiomatic, continuous time and operational continuous time
specification have been developed. Together, we can use all three specifications to define various charac-
teristics of a single sorting component in a manner unique to Rosetta. Specifically, in the next section we
will define how a designer can specify a sorting component by combining specifications from multiple do-
mains. The result is a requirements specification, a temporally constrained requirements specification, an
operational specification, and a power specification simultaneously describing a system. ith the addition
of facet composition operators, this provides a powerful mechanism for mixing and composing specifications.

Example 6 Alarm loc ystem  onside the fo o ing de nition of an aa m coc ta en f om the
S no s s s nthesis tuto ia his aa m coc o ides a asic ca a iit fo setting time setting aa m
sounding an a a m and ee ing time  he s eci cation states the fo o ing e ui ements

hen the it is set the is sto ed as the and out ut as the dis a time
hen the it is set the is sto ed as the and out ut as the dis a time
hen the it is set the it is togg ed

hen and a e eui aent and is high the a a m shou d e sounded

the ise it shou d not

he c oc inc ements its time aue hen time is not eing set
he s stems e e desc i tion of the aa m c oc is de ned in the fo o ing facet

se timeTypes

facet aam c¢c e time i time 1isp ayTime t time
aam t it set am i it setTime i it
a a mT e i it is
a a mTime time
c c¢ Time time
aam it

e i state ase
setc c setTime
c c Time time a isp ayTime time

12



seta am if set am

t e a a mTime time a isp ayTime time
e se a a mTime a a mTime
e if
isp ay c¢ setTime a set am
isp ayTime c c Time
tic setTime c¢ c¢ Time i c eme t time ¢ c¢ Time
amaam if a a mT e
te aam aanmn
eseaanm aam
e if
s aanm aam a a a mTime ¢ c¢ Time

n uts co es ond to data and cont o a ues fo the coc contains the cu ent time in ut and can
e used to set eithe the a a m time o the coc time is the time cu ent  eing dis a ed

d i es the audi e aa m and cont o hethe the aa m time o coc time a e
cu ent eing set causes the a a m set state to togg e

Loca a ia es co es ond to the state of the c oc is the cu ent time associated ith sounding
an aa m is the cu ent time 18 hen the a a m is set and othe ise

o ing the s eci cation indicates that each e ui ement is de ned as a a eed te m  ach te m can e

t aced ac to a e wi ement fom the ngish s eci cation e m hand es the case he e the c oc
time is eing set e m hand es hen the a a m time is eing set e m hand es the
togg ing of the a a m set it causes the coc ime to e inc emented he c oc time is inc emented
in the ne t state on  hen the c oc time is not eing set ina  the te m de nes the out ut
in te ms of the it and hethe the and aues a e e uwa he notation
t ansfo ms the oo ean esut of e uas into a it awue te ms must e simu taneous t ue  hus the
s eci cation has the same e ect as using muti e ocesses in L

he aa m coc facet uses the fo o ing co ection of time mani u ation functions and t es

pac a e timeTypes is

e i ic
s type at a se at a
mi tes type at a se at a
time type iesa 1is ec s m mi tes
icemet time t time time is
ec icemet st
m iceme tmi tes t
iceme tmi tes t time mi tes is
if tm
te tmn
e se
e if
icemet s t time s is
if tm
te if t
te t
e se

13



e if
e set
e if
e timeTypes

and a e est icted su anges of natu a num e e esenting hou s and minutes es ecti e
he notation indicates that and minutes a e unches not sing eton aues he
o e ation o ides a com ehension o e ato and is used to te natu a num e s is a eco d containing

an hou and minute a ue

h ee inc ement functions de me inc ementing time _ fo ms a eco d f om the esuts of
inc ementing the cu ent hou s and minutes a ues - and - hand e in
¢ ementing hou and minute aues es ecti e ote that the e d names a e used to efe ence hou s and

minutes a ues es ecti e

Example 7 tac de nition o fo ma s eci cation fans a semi const ucti e stac de nition is in
c uded to desc i e an ate nate means fo function s eci cation e e the t aditiona stac o e ations a e
dec o ed wut a e not de ned di ect he distinction ith othe function de nitions eing that no constant
de nition a ea s in con unction ith the dec a ation  he s eci cation ta es the fo m

facet stac type type is

PSs s e

PPpPs

tps

empty s ea

empty

e i ic

a f a s f a e PPPS es s

a f a s f a e tpps es e

a f a s f a e t empty ps es

a empty empty
e stac

his is a canonica const ucti e s eci cation fo a stac  n the dec a ations section and ae
de ned to o e ate 0 e stac s and e ements  he a toms de ned as th ough const ain the a ues of

functions in the t aditiona dec a ati e fashion

his s eci cation st e ma o e uncomfo ta e fo t aditiona L use s n ate nate de nition uses
se uences to e esent the stac

pac a e stac s e type 1is
ei ic

type 1 e sa 1is se e ce

Ps s e is e s

PP s is tai s

tps is s

empty is 1

empty s ea is s empty
e stac
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his stac de mnition uses the const uct to  esent a se ies of di ect de nitions o te ms a e needed
to desc i e the eha i0o ofthe o idedt e hestac t e is not an uninte etedt e wutis de ned as
a se uence of t e he asic stac o e ations a e no de ned on the stac t e using conc ete o e ations

n inte esting e e cise is to conside the meaning of

stac se e ce a stac s e
s e sha see ate facet com osition states that o e ties of oth and must a m
the facet fo med ecti e this ne de nition is consistent on if 0 e s the a iomatic
de nition o ided n essence e esents e ui ements hie e esents an

im ementation of stac

ummary A facet is the basic unit of Rosetta specification. It consists of a label, optional parameter
list, optional declarations, a domain and terms that extend its domain. Variable declaration is achieved
using the notation T interpreted as the awue of is contained in . Constants are similarly defined
using the notation T is c interpreted as the aue of is contained in  and is € ua to ¢. Domains
provide a vocabulary for defining specifications. Terms extend domains to provide definitions for the specific
components. Terms are declarative constructs that are accompanied by a label. Any label defined in a
Rosetta specification may be exported and referenced using the canonical facet ame a e notation. By
default, all labels are exported. owever, an explicit export statement may be used in the declaration section
to selectively control label export.

2.2

An important system level specification activity is aggregation of facets into general purpose architectures.
Rosetta supports this directly using facet inc usion and facet a eing. Facet inclusion occurs when a facet
name is referenced in a facet term. Facet labeling occurs when a facet is given a new label.

Consider the trivial example of defining a three input and gate from two input and gates:

facet a ate i it y i it t it is
e i ic

e a ate

facet a ate a i it i it ¢ i it t it is
i it
e i ic
a ate a i
a ate i ¢
e a ate

The resulting definition is quite similar to structural V. DL without explicit component instantiation. The
first facet clearly defines the behavior of a simple and gate while the second seems to use facets as terms.
The terms and both reference a  ate and are interpreted as stating that the definitions provided
by each are true. Thus, the first term instantiates a  ate with items a, and i where i is an internally
defined variable of type it. Thus, the facet asserts that i is equal to a a . The second term does the
same except it asserts that isequaltoi a «c.

Communication between facets is achieved by sharing items. ere, the items are variable items defined
either in the parameter list or in the body of the including facet. This models instantaneous exchange of
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information between facets via variables. Later, channels will be introduced to provide means for defining
connections with properties such as storage and delay.

Although similar to VDL structural definition, this Rosetta definition style is semantically quite different.
To understand this requires some understanding of labels and item labeling. The notation te m defines
te m and associates label with it. Thus, the definition:

a ate a i

assertsa ate a 1 asaterm and associateslabel  with it. Effectively, the definition renamesa  ate
locally to . Thus, the terms and define facets equivalent to a  ate, but with new names. The
reasoning for this is demonstrated in any definition where components that locally define variables and
constants have multiple instances. For example, consider the following incorrect specification:

facet e iste i i it ect t it ect a i it is
mem y it ect
e i state ase

a if a te mem y iesemem y mem ye if
tp t mem y
e e iste
facet e iste i i it ect i i it ect
t it ect t it ect

a i it is
e i state ase

e iste i a
e iste i a
e e iste

Consider the mem 7y variable associated with each register. In the above definition, e iste mem ¥y
reference to the mem y variable in facet e iste . Unfortunately, there s no way to learn which register.
Further, because the register variables share the same name in the facet, they must be equal.

The proper definition is:

facet e iste i i it ect t it ect a i it is
mem y it ect
e 1 state ase

a if a te mem y iesemem y mem ye if
tp t mem y
e e iste
facet e iste i i1 it ect i i it ect
t it ect t it ect

a i it is
e i state ase

e iste i a
e iste i a
e e iste

In this definition, the facet e iste is copied and relabeled twice. In the first case, the new facet is named

and in the second, . The mem y variable associated with  is referenced via  mem y and similarly
for mem y. Now there is no con ict and the elements of each component have unique references. This
aspect of labeling is simple, but extraordinarily powerful.
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ummary Including facet definitions as terms supports structural definition through facet aggregation.
Including and instantiating facets in definitions is achieved using relabeling. Instantiating facets replaces
formal parameters with actual items. Unique naming forces these items to be shared among facets providing
for communications. hen a facet is renamed, all of its internal items are renamed making each instance of
that included facet unique.

Tef i secti is ay t f ate ie te patest te
facet a e a e ee t et i facet ecaati t ic e
pa amete s si a tati ief cti s t maet is appe
c ecty t i e ca se t e same sema tics

2.

The essence of systems engineering is the assembling of heterogenous information in making design decisions.
Rosetta supports this type of specification directly with operations collectively known as the facet a ge a.
The facet algebra provides mechanisms for defining new specifications by composing existing specifications
using the standard operatorsa , ,and t.

In the context of facets, these are not logical operators. The operation a does not have a boolean
value. Instead, it defines a new facet with properties from both a . Looking ahead, this operation
provides us a mechanism for combining properties from several facets into a single facet.

Facets under composition must maintain the logical truths as specified by standard interpretations of logical
connectives. For example, if a ,then  is consistent if and only if a is consistent
(Note: a are enclosed in parentheses because has higher precedence than a ). Facet composition
is useful for specifying many systems level properties by combining properties from various facets. A new
facet can be defined via composition by an expression of the following form:

is _

where is the new facet name, is an optional parameter list, and _
is an expression comprised of facet algebra operations.

The following examples describe several prototypical uses of facet composition. Please note that domains
used in these examples are defined in an accompanying document.

a Facet conjunction states that properties specified by terms T and T must by exhibited by the
composition and must be mutually consistent. Further, the interface is implying that all symbols
visiblein  and  are visible in the composition.

The most obvious use of facet conjunction is to form descriptions through composition. Of particular in-
terest is specifying components using heterogeneous models where terms do not share common semantics.
A complete description might be formed by defining requirements, implementation, and constraint facets
independently. The composition forms the complete component description where all models apply simulta-
neously.

Example 8 e uirements and onstraints Reconside the e ious de ned facets - and
- Reca that - de ned e ui ements fo a so ting com onent hie _ de ned a
o e const aint o e the same com onent so ting com onent can no e de ned to satisf oth facets

s t facet is s t e a s t c st
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nfo ma i out uts a so ted co of its in ut and i consumes on m of o e 0 ma
the ne facet is the product of o e ties f om - and - n this e am e the inte
action et een const aints domain and othe e ui ements domains a e uns eci ed  he efo e ana sis of
inte actions i e ea itt e additiona info mation o e e itis ce tain  o0ssi e to de ne a e ationshi
et een the and - domains if desi a e

Example ostcondition peci cations Reconside thes eci cations fo - and - he

st facet s eci es the e ui ements fo a so ting com onent using a ac o0 a iomatic st e  he second
facet de mes so ting using a s eci ¢ o0 e ationa a go ithm Li e the const aint mode and e ui ements
mode s e i0ous _ and _ can e com ined into a sing e so ting de nition

s t s t e a s t p

e e the com osition eha es much di e ent he state ased and mode s do inte act in inte esting a s
he com osition of _ and _ o ides a e and ost condition fo the o e ationa so ting
de nition  he net e ect is i e an asse tion in L o ee the e uiements aes eci ed distinct

and a e not inte ming ed in the o e ationa de mnition hus fo this com osition to e consistent the
o e ationa s eci cation must hod a ong ith its ea time const aints and the a iomatic s eci cation must
hod de ning e and ost condition e ui ements on the com osition

Simi a a so ts eci cation can e de e o ed that com ines e ui ements o e ationa and const aint mode s

s t facet is s t e a s t pa s tc st

Facet disjunction states that properties specified by either terms T or T must be exhibited by
the composition. Note that this is logical or, not exclusive or. The most obvious use of facet disjunction is
combining different component models into a component family. The following example illustrates such a
situation.

Example 1 omponent Version onside the fo o ing de nitions using so t facets de ned e i
ous
m tis t facet iss t e a es t ic s t
he ne facet desc i es a com onent that must so t wut ma do so using eithe a v esoto
uic so t a go ithm hie is a oduct o e ato is a sum o e ato o e facets

Other facet operations are defined and include negation, implication and equivalence. These will be presented
in detail in a later chapter. The objective here is simply to demonstrate various facet composition operations
and where they might apply in a specification.

ummary The facet algebra supports combining facet definitions into new facet definitions. The a and

operations corresponding to product and sum operations over facets combine facets under conjunction

and disjunction respectively. The a  operation defines new facets with all properties from both constituent
facets. The  operation defines new facets with properties from either facet.

Ti sae ay ey tispit
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2.

In Section 2.1, the alarm clock example was introduced as an example systems level specification. In this
section, the alarm clock example is examined more carefully and a structural definition introduced. The
example is completely specified to provide an overall view of a Rosetta functional specification.

time es

timeTypes is a general purpose package introduced and explained in Section 2.1. It contains basic data
types and functions used in the definition of the alarm clock system and structural definition. The only
construct used in this definition that may require some explanation is the comprehension quantifier, se .
This function implements set comprehension for bunches. It does so by taking as its argument a function
that maps a bunch onto the booleans and returning all domain elements for which the function is true. Thus,
the statement:

se at a

examines all elements of the natural numbers and returns those that are less than 12. Because its return
type is bunch, its use in defining a type is perfectly legal. Further note that both s and mi tes are
subtypes of type at a . This indicates that both have bunches as values, not singleton elements.

pac a e timeTypes is

e i ic
s type at a is se at a
mi tes type at a is se at a
time type iesa 1is ec s m mi tes
i c eme t time t time time is
ec icemet st

m iceme tmi tes t

icemetmi tes t time mi tes is
ifmt
te mt
e se
e if
icemet s t time mi tes is
ifmt
t e if t
t e t
e se t
e if
e se t
e if

e timeTypes
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The structural definition begins by defining facets representing each of the alarm clock components. Specif-
ically, this includes: (i) a multiplexor for defining what values are displayed; (ii) a store for internal state
values; (iii) a counter for incrementing the current time; and (iv) a comparator for determining when the
alarm should be sounded.

ultiplexor

The m  definition describes a component that determines which of its data inputs, time or ¢ c¢ Time,
should be displayed by the clock. This determination is made by examining the control signals set a m
and setTime. Three terms are defined that select an output based on the control inputs.

m tes t e p pe a et te isp ay tp t ase t e
setti s f t eset ama setTime i p ts
se timeTypes
facet m time i time isp ayTime t time ¢ c Time i time
set am i it setTime i it is
e 1 state ase

set am isp ayTime time
setTime isp ayTime time
setTime set am isp ayTime c c Time

Recall that the Rosetta operator converts bit values into boolean values allowing bits to be used in
implications directly.

tore

The st e component is the store for the alarm clock s internal state. It operates by examining the control
bit associated with each stored value. If the control bit is set, a new value is loaded from an appropriate
input, or in the case of a a m |, toggling the existing value. If the associated control bit is not set, then the
stored value is retained.

st eeit e ©patest ec c state ma es it i a ia t ase
t e set ama setTime i p ts tptsaei aiat if
t el ass ciate set itsae t i
se timeTypes

facet st e time i time set am 1i it setTime 1 it
t e am i it
c c Time t time a a mTime t time
aam t it is

e i state ase
if set am

t e a a mTime time

e se a a mTime a a mTime
e if
if setTime

t e ¢ c Time time

e se ¢ c Time c c¢ Time
e if
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if t e am

te aam aanmn
e seaanm aanmn
e if

ounter

The ¢ te component is the simplest component involved in the definition. It states that each time the
clock is invoked, its internal time is incremented.

[ te i c eme tst ec e t time
se timeTypes
facet c te ¢ c Time i t time is
e 1 state ase
c¢ c¢ Time i c eme t time ¢ c¢ Time
e [¢ te

omparator

The ¢ mpa at implements the guts of the alarm clock s alarm function. It determines the appropriate
value for the alarm output given the state of the alarm set bit and the values of the alarm time and the clock
time. If the alarm is set and the alarm time and clock time are equal, then the alarm output is enabled.
Again, the operator is used to convert a boolean value into the bit value associated with the alarm output.

c mpa at eci esif teaams es e ase t e
set amc t ipta if teaamlima c¢ c Time a e
e a

se timeTypes
facet c mpa at set am 1 it a a mTime i time
¢ ¢ Time i time aam t it is
e i state ase
aanmn set ama a a mTime ¢ c¢ Time e if
e c mpa at

The actual structural definition instantiates each component and provides appropriate interconnections.

Teaamc c st ct eis efie yassem i tecmp e ts
efie pei sy
se timeTypes

facet aam ¢ t ct time i time isp ayTime t time
aam t it set am i it setTime i it
a a mT e 1i it is
c c Time time
a a mTime time
aam it
e i ic
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st e st e time set a m setTime t e amc c Time
a a mTime a a m

c te te c c Time
c mpa at c mpa at set amaamlime ¢ c Time a am
m m time isp ayTime ¢ c Time set a m setTime

e aanm c t ct

The final specification enclosed in a Rosetta pac a e is shown in Figure 2.1.
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Figure 2.1: The complete alarm clock specification
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Chapter

Ite s aria es aues and es

Rosetta s basic semantic unit is called an item. Items structures result when Rosetta descriptions are parsed
prior to manipulation. Although most users will never deal directly with items, they present an effective
way to describe the relationships between variables, values and types.

1

Informally, an item consists of a a e naming the item, a a ue the item represents, and a ¢ e from which
specific item values must be chosen.  hen any structure is defined in a Rosetta specification, an item is
created with the specified label. Variables, constants, terms, even facets themselves are items in a Rosetta
specification.  hen a label is referred to in a specification, it refers to the value of the item it is associated
with. An items set of potential values is delineated by it s associated type. In a legal Rosetta specification,
every item s value is an element of it s associated type. A more complete description of items can be found
in the Rosetta Semantics Guide.

An item whose value is known is referred to as a constant item while a variable whose value is unspecified
is referred to as a variable item or simply a variable. Any item of any type may be constant or variable
including facets, terms and other traditionally constant items.

Values represent objects that can used as values for items. There are three general classes of values: (i)
elemental; (ii) composite; and (iii) functional. Elemental values represent primitive, atomic values that are
directly manipulated by Rosetta. Elemental values include such things as integers, naturals, characters,
bits and boolean values. Traditional programming languages refer to elemental values as scalar. Composite
values are constructed from other values. Composite values include such things as records, tuples, vectors,
sets, bunches and facets. Functional values represent functions and relations. The name i e sa to refer
to any value at all. Universal is not itself a bunch, as it must contain bunches.

All Rosetta types are unches. A bunch is simply an unpackaged collection of items. Functions and properties
for bunches are defined completely in Section 3.3.1. Throughout this document, the terms c , type and
s type are used interchangeably. The notation a T represents bunch containment is interpreted as a is
contained in T . Although this notation is formally a logical relation, it is also used as a syntax for declaring
variables and constants. Specifically, T in a declaration area of a facet declares a variable item of type
T whose value is a sing e element of bunch T. This distinction will become clear when bunches and bunch
relationships are described fully. Similarly, the notation T c defines a constant item of type T whose value
is determined by the expression c. This notation will be used and explained extensively in the following
sections.
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2

This section describes how to specify element values and types. By definition, elements are values that
cannot be described as being made up of other elements and element types are bunches of such values.
Numbers such as 1, 5.32, and -32, characters such as a, B, and 1, and boolean values such as t e and
fa se represents such undecomposable values. In contrast, composite values such as records, sequences and
sets are not elemental in that each is defined by describing its contents. Element values are also called atoms
in Rosetta and sca a s in traditional programming languages.

Numeric types include standard bunches of values associated with traditional number systems. Predefined
numeric types include ea ,i te e, at a , it and ea and are listed in the following table:

tet at t e sy ta f ati asmi t ee t eca e
s est t e same tati as eas it t ea iti a
c staittatt ea ati a t e me mst ete es t f

iii eitee ya te
e o mat Sut e f
ea t e fa se itee
it at a
at a t e itee
ite e fa se ea
ati a ea
ea e m e
m e n eement ofthea o et es e eme t

Numeric values are represented by a strings of digits and optional sign, decimal point or exponential indica-
tors. The format of a Rosetta number follows the canonical number format from traditional programming
languages and will not be referred to here. The type m e refers to any legal Rosetta number.

Predefined operators on numbers include: (Assuming and are numbers)

e ato o mat aid o
e ati m e
mi ma mi ma m e
mi ma mi ma m e

me
me
ass t as s t m e
si c s ta si cs ta me
ep ep me

All operators are defined in the traditional manner. The mi and ma operators are interpreted as not
min and not max respectively and provide an inverse for those operators. The operator represents
raising a value to a power.

The numeric values t e and fa se obey the following rule:
f a m e fa se a t e

t e acts as positive infinity and fa se acts as negative infinity. Consequences of this convention are
numerous and useful. They include: (i) ma is the same operation as ; (ii) mi is the same operation as
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a ;and (iii) is the same operation as implication () and  is the same operation as implied by ( ).
The same laws apply to these operations in all cases, and the different signs are taken to be synonyms of each
other, maintained here for the sake of historical recognition. Note that t e and fa se are not associated
with 1 and O as is the case with many traditional programming languages. Adopting this convention is
appealing in a traditional sense, it prohibits semantic simplicity.

Although ea is a number type and obeys number conventions and axioms, its behaviors are important
enough to justify separate discussion. The Rosetta ea type is defined by the two element bunch
t e fa seand is a subtype of number.Thus, anything of type ea must take either t e or fa se as
it s value. Operators on booleans include all operators on numbers plus the following:

e ato o mat aid o
m e
a a me
mi ma mi ma m e
mi ma mi ma m e
imp ies imp ie ¥y m e
ess eate eate e as m e
t m e

Rules of mathematics from infinite numbers apply to t e and fa se, but they are not technically infinite.
Nor are booleans are equivalent to machine limitations on numbers. Specifically, when treated as numeric
values, t e and fa se follow the following rules:

oet eaning
fa se t e fa seis equivalent tonot t e
fase t e t e is equivalent to not fa se
f a m e t e t e t e is the greatest number
f a me fa se fa se  fa seis the least number
f a me t e t e True cannot be generated from other numbers
f a me fa se fa se False cannot be generated from other numbers

These properties assert that true and false behave like infinite values in that they cannot be generated from
other numbers using increment or decrement functions. They do obey ordering operations and are greater
(or less) than every other number.

An interesting consequence of defining fa se and t e as the minimum and maximum possible numeric
values is that the boolean a  and operators are equivalent to the mi and ma operators. iven the
axiom defining t e and fa se, we know that fa se t e. Thus, we have the following table defining
mi andma overt e and fa se:

min ma

fa se fa se fa se fa se

fa se t e fa se t e

t e fa se fa se t e

t e t e t e t e
This is identical to the truth table defining a and . The negation operator, , also follows directly from
the numeric interpretation of ea . The greatest positive number negated is the least negative number.
Thus, t e fa se. As negation is its own inverse, we know that for any boolean value

Thus, fa se t e. The resulting truth table has the form:

fa se t e
t e fa se

26




Definitions for other logical operations follow directly. Of particular interest is the definition of implication
as:

By definition, this is equivalent to ma . Again, consider the truth table generated by the definition of
t e and fa se as numeric values:

ma
fa se fa se t e t e
fa se t e t e t e
t e fa se | fa se fa se
t e t e fa se t e

This is precisely the definition of implication. Reverse implication works similarly and the definition of
equivalence () is consistent with the above definition. Further, when values are restricted to ea ,
the following equivalences hold:

It should be noted that Rosetta does not define logical equivalence, iff, separately from numerical equiva-
lence. iven the mathematical definition of booleans, the normal equivalence operations are su cient.

Bits are a subtype of the natural numbers. The type it consist of the two values and and is defined as

it . Operations over it mimic operations over ea . owever, it and ea are distinct.
Specifically, an item of type ea cannot have a value of type it and an item of type it cannot a value
of type ea . Conversion operators are defined to provide definitions for various operators. Specifically,
the following operation maps between it and ea s:

e ation o mat e mnition
, t e Converts between bits and boolean in the canonical fashion

The following operations are defined over bits where it,y it,a , and y:

e ation o mat Definition

y y Axiom
y y ... a a
ma mi a ma y mi y a y a ma a mi aa
t a
y y a a
mi ma mi y mi y a mi a mi

All it operations are defined by converting to ea , applying the appropriate ea operation and

converting back. This suggests that the definition of it is redundant. owever, it is of such importance
in digital design that a representation specific to it is important. The true distinction between it and
ea arises when considering the it ect type later.
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The type m e is provided to represent any legal Rosetta number. It is defined as the bunch union of
all types defined thus far and is effectively equivalent to ea in the Rosetta numbering system. Formally,
m e is defined as:

aes etis efi iti disic sie fa m e types
m e ea ite e ati a ea it
where defines the union of bunches and

Character constants are defined in the traditional. Character values are referenced using the notation

e omat Sut e f
c a acte a e eme t
ivena c a acte and c a acte ,operators on characters include:
e ato o mat e nition
ca a ca a Unicode value
a a a a
c c ca ca Raise lower case

c and c change case of a character to upper or lower case respectively. These operators return their
argument unchanged for Unicode values other than alphabetic characters. The operator returns Unicode
values associated with characters. The ¢ a operator is its dual. Thus, there is a mapping between Unicode
values and unicode characters; and ¢ a express the mapping, which is one to one. Unicode literals are
expressed using the standard notation U where is a 4-digit, hexadecimal number. All other
laws are the same as for their natural number counterparts with respect to , and no further laws will be
given here. For example, assuming that and y are characters, y is defined:

y y

The type e eme t is provided to contain all items of any elemental type. It is formally defined as all the
bunch union of all elemental type definitions. The type is defined by taking the bunch union of all types
defined in this section. Formally:

e eme t m e c a acte
A special bunch called is defined to be the bunch containing no elements. Formally, is defined as:
c ie sa
f a ie sa
Thus, the type is the type containing no elements. It is rarely used in the specification process, but

must be included for completeness. As it contains no elements it is neither an element or composite type.
Tts definition is included here for convenience.
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ummary The following predefined elemental types are predefined for all Rosetta specifications:

The empty bunch containing no elements.

it The enumerated type containing only the values and . it is a subtype of at a .
Operations on it elements correspond to operations on the booleans in the canonical fashion. Note
that this implies that operators such as are specialized for bits such that (bit) rather than

(natural).

ea The named values t e and fa se. ea isasubtypeof i te e . T eis the greatest
integer value while fa se is the smallest. Thus, the boolean operatorsa , and t correspond to
mi ,ma and respectively.

itee Integer numbers, from fa setot e, including all integral numeric values. te e isa
subtype of ea , specifically ea restricted to integral values.

at a All natural numbers, from zero tot e. at a is a subtype of i te e , specifically
i te e restricted to non-negative values.

ati a Rational numbers, consisting of two integers, a numerator and a denominator. ati a
is a subtype of ea , specifically ea restricted to those values that can be expressed as the ratio of
two integers.

ea Real numbers consisting of all real valued numbers expressed as strings of decimals in tradi-
tional decimal or exponential form.

me Any legally defined Rosetta number.
c a acte All unicode values associated with characters.

e eme t  All elementary values, including all elements of all types named above and all values.

Composite types make complex values by combining simpler values. There are two mechanisms for structur-
ing: (i) packaging; and (ii) indexing. Packaging transforms a structure into an element that can be included
in other structures. Specifically, bunches are constructed using the notation while sets are constructed
with element and union. Sets distinguish between a singleton set and an element of a singleton set. As
bunches are unpackaged, they do not. Indexing establishes a function from the natural numbers (from zero
to the size of the structure minus one) to the elements of the structure. There are four kinds of structures,
depending on the mechanisms used to build them:

ac aged nde ed St uctu e
70 10 c

es no set
no €s se e ce
es es a ay

e will define each of these in turn.

Bunches are collections of elements. Any element is a bunch of size one. Because bunches are not packaged,
bunches may not consist of other bunches. A bunch is defined by creating it with operations, as given in the
following list of operations (where and are bunches):
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e ation o mat e nition

i

i te secti a
iffe e ce a

s c a s a

In most circumstances, bunch operations are distinguished from non-bunch operations by simply repeating
the operator symbol twice. For example, is traditionally sum or union while is bunch union. Such
distinction is necessary as all Rosetta items are bunches. Thus, operator symbols are used to distinguish
bunch from non-bunch operations.

Additionally, the following functions are defined over bunches:

e ation o mat e nition
Equivalence
sie Number of bunch equivalence
ic si Contained in
se ece i Integer bunch

The key to understanding bunches is realizing the effects of the union and inclusion operators. The primary
bunch former is the operator. iven any two bunches and , the operator defines the union or
composition. Specifically, every element of and is also a member of . Remember that and may
be singleton bunches. Unlike sets where both union and add are needed to define composing two sets and
adding an element to a set, bunches require no such distinction. Thus, the notation forms a bunch
containing 1, 2 and 3.

hen we say , may be either a singleton or multiple element bunch. In contrast for sets, and
are two very different things. Bunches make no such distinction, thus both concepts are embodied

in the notation a . Every bunch contained in or is also contained in . Formally,
. Thus, is referred to as a union operation. The operation, bunch intersection, is defined

similarly as is bunch difference,

An interesting result related to variable manipulation is that given a variable declaration and a bunch
y, the following holds:

y a y y

If we know we are dealing with singleton values, then we further know that inclusion and equals are similar.
Specifically, the declarations T and y both implicitly assert that and y are singleton bunches. In
this special case, inclusion is equals. Specifically:

y y y

This does not hold for other situations. If the cardinality of or y is not 1, then the definition does not
apply.

A shorthand notation, i , is provided for generating bunches of integers over a range. The notation
generates a bunch containing all integers from i to inclusive. Bunches are not ordered, so the result is not
equivalent to a sequence.

The values of all Rosetta types are bunches. The terms type and c are synonyms and may be substituted
for each other at any place in this document. Further, as bunches are values, type values may be manipulated
in the same manner as any Rosetta value. This includes reference and dynamic formation within a Rosetta
specification. Although this dramatically complicates type checking, the added exibility is useful and well
behaved language subsets can (and will be) be defined.

To declare an item whose value is selected from bunch , the following declaration notation is used:
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Used in the declaration section, this statement defines an item  whose value is a single element taken from
the bunch

To define an item whose value is contained in bunch and is not limited to a single element, the follocation
declaration notation is used:

The item now refers to any bunch constructed from the elements of

The primary use for bunch definition is when defining a new type. Thus the s type synonym is introduced.
The following notation is semantically identical to the previous bunch declaration:

s type

hen used in this context, the type is said to be the supertype of type as by definition in the
general sense.

It is also possible to define a bunch whose values are completely unconstrained at declaration time by making
the supertype i e sa , the bunch containing all possible Rosetta items. The following notation is used:

c i e sa
or
s type ie sa

where is the new item and c i e sa refers to the Rosetta bunch containing all items. This nota-
tion and semantics is particularly useful when defining uninterpreted types whose values are not enumerated,
but are constrained by later specifications. Such definitions are not typical in traditional programming lan-
guages, but can be useful in abstract specification situations where types are defined via properties rather
than via extension.

Sets are packaged bunches that exhibit properties traditionally defined in classical set theory. Most operations
on sets have their dual in bunches with the exception of power-set. It is impossible to have a bunch of
bunches while it is possible to have a set of sets. This fact can be observed in the distinction between the
set relations 1 and subset and the bunch relation contained in ( ). As bunches are not packaged, there
is no distinction between a bunch and an element. Singleton elements are distinct from sets of size one while
singleton elements and bunches of size one are not.

In the following, and are bunches, and and T are the sets that package them, respectively, i.e.

and T . The first table lists functions that form sets from bunches or other sets:
e ation o mat e nition
mati
T T T
P e p e T i p e T

The basic set former takes an arbitrary bunch and forms a set containing its elements. Operations for
intersection, union and difference are defined by forming a set from the bunches resulting from the bunch
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duals of these operations. The power-set operation creates all possible sets from all bunches contained in
the bunch representing the contents of the original set. Note again that power-set has no dual in bunches.

e ation o mat Definition
T T
i ai a a a
T T
si e
c te ts
empty empty

Other set functions listed above observe properties of sets and typically have duals in bunches. Equivalence
is equivalence of contents, subset and proper subset are defined in terms of inclusion. This is a particularly
good time to point out that is defined for any bunch |, not just a singleton bunch. This is in contrast
to the i set operation that is distinct from the subset operation. The containment operator for bunches
operates over all bunches.

Size returns the cardinality of the set while empty names the empty set. The ¢ te ts function returns the
unpackaged bunch and is the dual of the set former.

Note that laws for sets do not eliminate the possibility of paradox; it is not syntactically or semantically
impossible to encode Russell s Paradox, for example. In some cases, the Rosetta user will have to include a
cardinality argument, or a proof that a given set is well founded.

Defining items of type is achieved using similar notations to defining items of type bunch. The following
notation defines to be an element of all possible sets composed of items from bunch

set

The declaration may intuitively be read as  is a set of items from

As for bunches, an item that is an arbitrary set containing any legal Rosetta values is defined:
set i e sa

Thus, set i e sa is any set while set restricts possible sets to the elements of

The notation set restricts the value of item to single sets of items from . It is also useful to define
new set types where we restrict the value of a new item to bunches of sets from . This is achieved using the
following notation:

c set
or
s type set

Both notations are equivalent and define a new bunch that includes possible subsets of . The original
notation set declares that is a singleton bunch contained in the bunch of all subsets of . The new
notation declares that is an bunch contained in the buch of all subsets of . Although mathematically
not equivalent to a powerset, the result is similar to type theoretic systems that use powersets to define new
types. Using the above notations, is restricted to bunches of subsets of that can then be used as types.
These bunches can be further restricted as in:

set s type set is se c set f a t t

where set is the bunch of subsets of that contain exactly four elements. The notation set declares
to be a singleton element of the bunch set , or simply a subset of containing four elements.
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Sequences are indexed, but unpackaged, collections of elements. As with bunches, sequences of sequences
are not defined. Because the elements of sequences are ordered by their mapping, a lexicographic total
order exists on the sequence whenever a total order exists between all of the members of the sequence. The
simplest sequence is i , the empty sequence. If and T, are sequences, a natural number, e an element,
and a sequence of natural numbers, the following operations are defined on sequences:

e t aep pe efi iti sf s sc ipti itee

se e ce a mappi a mi a te e i pe at s
tmemc seseattispit at is t at

ea a tai appea t e a mess as e at tt a

e ep ace 1i it empty

e ation o mat e mnition
T T Equality defined on elements
access nth element of S from 0
s sc ipti s Sequence from S corresponding to I
cate ati T Concatenation
itee se ece i Sequence of integers from i to j
ep aceme t e Copy S with element n replaced by value e
T T Corresponding order on elements
sie Unpackaged size
ma mi ma T mi T Order defined on elements
i nil The empty sequence
ea tai ea tai ea not defined on i

Most operations operated as expected based on common usage. Equal and not equal take their canonical
meanings. The catenation operator, , concatenates two sequences. Like bunches, any singleton item can
be a sequence. Thus, can form all sequences from the empty sequence.

Subscription is an extraction mechanism where elements from a sequnence are extracted to form a new
sequence. ive and an integer sequence , s extracts the elements from referenced by elements
of and forms a new sequence. For example:

The notation i forms an integer sequence from i runnign to . The functions ea and tai can be
defined using subscription and integer sequence as follows:

ea
tai s

returns the first element in the sequence. The integer sequence former forms the integer
sequence from 1 to the length of . Extracting elements of associated with 1 through includes all
elements except the first and thus defines tail in the canoncial fashion.

The replace operator allows repacement of an element within a list. The notation e generates a new
sequence with the element in position replacece by e. For example:
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The ordering operations as well as mi and ma are defined much like lexigraphical ordering. If y T,
then either yor yand T. Note that for any sequence, i, i. T is defined as T

T. The mi Tand ma T operators return the minimum sequence of and T and the maximum
sequence respectively.

te eca se se e ces a e t pac a e t ey ae t e eme ts a
ca t e t types c es mem e s f types m st e a ays
sets

To define an item of type sequence containing only elements from type , the following notation is used:
se e ce

refers to any sequence constructed from the elements of

To define an item of type se e ce, the following notation is used:
se e ce ie sa

where is the new item and se e ce i e sa refers to the set of all possible Rosetta sequences. Thus,
se e ce 1 e sa isanysequence while se e ce restricts possible sequences to the elements of

A special case of a sequence is the st i  type. Formally, st i is defined as:
st i se e ce c a acte

A shorthand for forming strings is the classical notation embedding a sequence of characters in quotations.
Specifically, c c . This definition implies that strings are ordered,
but are not packaged.

Functions defined over strings include those defined for general sequences. In particular, the notation a c
ef is appropriate for concatenation of strings. It is important to note that the ordering operations
for sequences provide lexigraphical ordering for strings. No additional function definitions are required.

Arrays are indexed, packaged collections of elements; thus, arrays of arrays (multi-dimensional arrays) are
allowed. Arrays are enclosed in brackets; we allow as an abbreviation for i . If and are arrays
packaging sequences and T respectively, is a natural number, is a sequence of natural numbers, and e
is an element, the following operations are defined on arrays:

e ation o mat Definition
mati Array from sequence
te ts
T T
access
s sc ipti s s
cate ati T
ep acme t e e
T T a T
si e S
ma mi ma mi ma T mi T
empty i
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Arrays are to sequences what sets are to bunches. Packaging a sequence forms an array. Further, array
operations have dual sequence operations in the same manner that sets have dual bunch operations. These
functions are defined formally in the Rosetta Semantics document.

To define an item of type a ay whose contents are taken from type , the following notation is used:
a ay

To define an item of type a ay whose contents are taken from any arbitrary type, the following notation is
used:

a ay i e sa

Thus,a ay 1 e sa isany array whilea ay restricts possible arrays to the elements of

A special case of an array is the it ect type. Formally, it ect is defined as:
it ect a ay it

Operations over it are generalized to it ect s by performing each operation on similarly indexed bits
from the two bit vectors. Assuming that pis any it operation, the it ect , , result of applying the
operation over arbitrary it ect items and is defined by:

If either or is longer, then the shorter bitvector is padded to the left with s. to achieve the end result.

In addition, the following operations are defined over items of type it ect : (Assume it ect )
e ation o mat Definition
Convert between bitvectors and naturals
t s s t t s enerate two s compliment
S s as as as s Logical and arithmetic shift right and left
t t t t Rotate right and left
pa pa pa pa Pad right and pad left with value to n bits.
The operations and provide standard mechanisms for converting between binary and natural

numbers. It is always true that

The operations t s and s t take and invert the two s compliment of a binary value. The s and s
operations provide provide logical shift right and left while as and as  provide logical and arithmetic
shifts right and left. The distinction being that logical shift operations shift in s while arithmetic shift
operations shift in . The t and t operations provide rotation or circular shift. Note that none of
the compliment, shift, or rotate operations change the length of the bit vector.

The pa and pa operations pad or catenate a bit vector. Each takes three arguments: (i) the bitvector
being manipulated; (i) the pad value ( or ); and (iii) the resulting length. If the length value is less than
the length of the argument vector, pa  removes bits to the right and pa  removes bits to the left resulting
in a vector of length . In this case, the pad value is ignored.

The type ¢ mp site is defined to contain all c ,set,se e ceanda ay types.
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ummary The following predefined composite types are available in a Rosetta specification:

c The basic collection representation in Rosetta. A c is an unpackaged collection of items
that resembles a set without the power-set concept. Rosetta types are bunches. The keyword e
is synonymous with the keyword type. The declaration c i e sa refers to any collection of
Rosetta items. The notation c (or type ) refers to any bunch of Rosetta items formed from
the elements of bunch

set  All possible sets that may be defined in Rosetta. A set is a packaged collection of items and is
formed by packaging a bunch. They declaration set i e sa refers to any set of Rosetta items.
The notation set refers to any set formed from the elements of bunch

se e ce The basic ordered structure representation in Rosetta. A se e ce is an unpackaged,
indexed collection of times. The declaration se e ce i e sa refers to any indexed collection of
Rosetta items. The notation se e ce refers to any sequence of Rosetta items formed from the
elements of bunch . The type st i is a special sequence defined asst i se e ce c a acte

a ay Allpossible arrays that may be defined in Rosetta. An array is a packeted collection of indexed
items and is formed by packaging a sequence. The declarationa ay i e sa refers to any indexed
collection of Rosetta items. Then notation a ay refers to any array of Rosetta items formed from
the elements of bunch . The type it ect is a special array defined as it ect a ay it .

c mp site  All possible bunches, sets, sequences and arrays.

Defining functions in Rosetta is a simple matter of defining mappings between bunches. Functions are
extensive mappings between two different types, called the domain and ange of the function. Functions
are defined by defining their domain and stating an expression that transforms elements of the domain
into elements of the range. This is achieved by introducing variables of the domain type whose scope is
confined to the function definition and defining a result expression using that variable. The domain is given
by an expression that describes the domain bunch. The range is given by an expression using the variable
introduced by the function, called the result or result function.

The standard mechanism for defining functions is to define the function s signature and an expression that
relates domain values to a range values. As an example, the following syntax defines a function that
increments a single integer input:

ic i te e i te e is

In this definition, i c is the function name, i te e isthe domain parameter, and i te e is the return
type. Together, these elements define the signature of i c as:

ic itee itee
Following the signature, the keyword is denotes the value of the return expression, in this case . The
return expression is a standard Rosetta expression defined over visible symbols whose type is the return
type. Literally, what the function definition states is that anywhere in the defining scope i ¢ can be
replace by for any arbitrary integer value.
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Like any Rosetta definition, i c is an item with an associated type and value. In this case, the value of i ¢
is known and is . Thus, we refer to 1 c as a constant function.

A variable function is a function whose signature is known, but whose value is not. A variable function is
defined like a constant function, but no is clause is included. Specifically:

f ite e ea

defines a function f whose single parameter is and whose return type is ea . In this case, the precise
relationship between and the return value is not know. The ability to define variable functions allows
Rosetta users to separate a function s interface definition from its functional specification. Further, it allows
definition of a function via it s properties rather than directly.

As with traditional languages, a function may have arbitrarily many parameters. Consider an a  function
that accepts two ea values and returns their sum:

a ea y ea ea is ¥y

Function application is a simple matter of replacing formal parameters in the function expression with actual
parameters in the specific function instance and substituting. This is best understood by interpreting the
is as an equivalence operator. Using the definition above, i ¢ . For example, to find the value of
ic we substitute actual parameters for formal parameters:

ic
Thus, i ¢ is equal to

Consider the evaluation of the following function application:

icic ic
icic
icic

Note that the substitutions can be performed in the opposite order with the same result:

icic ic
icic
icic

The same operations can be performed where multiple parameters are involved yielding the expected result:

a ic a
a
a

Rosetta functions are pure functions in the sense that call by reference parameters and other mechanisms
for achieving side effects are not allowed. The syntax for defining expressions is provided in Chapter 4 and
will be discussed fully there. Note that the return expression must have the same type as specified in the
function signature definition.

The semantics of functions in Rosetta is far more sophisticated than the previous function definition capa-
bilities indicate. For most users, the direct definition style is appropriate. In the following sections, more
sophisticated aspects of function definition and application are presented.
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e t is e ti e secti ma i it ¢ sistet it tepei s

type efi iti s pecifica y i c itee is s
i te p ette as a item i c tat ise a t t e e p essi
Tep ef cti a st ff s e pese te eit e ef e
afte t st ict y isti ct

As previously discussed, all Rosetta declarations follow a general form:
is

Functions are no different. The notation presented in the previous section is a shorthand for a more general
declaration. For example, the definition:

ic ite e i te e is

Is semantically equivalent to the definition:

ic itee itee
ic itee i tee is
where the term delimited by is referred to as a function t e or un a e ed function depending on

whether an expression is specified. This particular definition states that i c is of type:
itee itee
and its value is:
itee i te e is
ee t a tec cept faf cti s a t isti is f m
its mai i t simp ify t e se f mai ate

A function type is defined by specifying a domain and return type using the function former. Specif-
ically:

This notation specifies a bunch of functions whose parameters are selected from the bunch specified as mai
and whose application results in a value of type et . The angle brackets serve to define scope in the
function definition. Note that the is e p construct is not included in a function type definition.

The following notation defines the set of all functions mapping integers to characters:
itee c a acte

Defining a variable of this type defines a function whose value is a function mapping integers to characters.
The following declares a function, f, that maps integers to characters:

f itee c a acte
Rosetta provides the special type £ cti that contains all functions definable in a specification. Stating

that f £ cti says that f is a function, but does not specify its mai or a e values.

In a traditional specification or programming language, this declaration is said to define the signature or
prototype of £. The parameter and result type of f are known while the specific function remains unknown.
If a function interface is needed without specifying implementation details, this notation is appropriate. Note
that while the function type definition defines a bunch of functions, f is an individual function.
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A function type whose range value is specified by an expression is referred to as an un a e ed or anon mous
function. Consider the specification of an increment function from the previous example:

ic at a at a is

The function type definition here specifies not only parameters and a range set, but also an expression relating
the parameter to specific elements in the range set. This notation, as mentioned earlier, is semantically
equivalent to the shorthand notation:

ic at a at a is

Clearly, the distinction between the anonymous function definition and the previous function type definition
is that the range value is defined as an expression defined over . This expression is defined over the parameter
and indicates a relationship between the parameter and the result of applying the function. Thus, the range
of this function is the application of the expression to all legal domain values rather than an explicit bunch
specification.

To understand the specification above, the definition of a function need simply be applied. The range of i ¢
is simply the bunch of values satisfying the expression . Specifically, given that the is selected from the
function domain, the range is the natural numbers excluding

The following definition is equivalent to the i c definitions provided earlier. The variable i c is first defined
to be a function mapping naturals to naturals. Then, the value of i c is set to the bunch of functions
mapping each element from the natural numbers to

ic at a at a
ic at a at a is

It is perfectly legal to use this notation to define functions that are not mathematical functions. owever,
caution must be exerted as the return value may be a bunch of cardinality greater than 1. Consider a square
root function over natural numbers. For any value other than 0, the expression returns a bunch of size 2.

This far in the discussion of function types and anonymous functions those functions with multiple parameters
have been carefully avoided. At it s most basic level, all Rosetta functions are unary functions. Specifically,
any two parameter function

f y T is
can be expressed as follows:
£ y T is

The function f is expressed is unary function over items of type that returns another unary function that
maps items of type to type T. iven that and t T, the following equivalence holds:
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Consider a definition of a  defined over two real numbers:
a ea y ea ea is ¥y

Using a simple syntactic transformation gives:
a ea y ea ea is y

The use of in the expression is perfectly legal as the second function definition is done in the scope of
Now consider application of the function in the following manner:

ea y ea ea is y
ea ea is y

Moo
<

The function is evaluated by substituting an actual parameter for a formal parameter in first the original add
function and then in the unary function returned by add. It is particularly interesting to note the following
equivalence:

a ea y ea ea is y
a y ea ea is y

This process, called currying, will allow performance of partial evaluation on functions. Partial evaluation
in effect allows specialization and optimization of function application.

Partial evaluation is the process of taking a function and instantiating only a subset of it s parameters. The
semantics of partial evaluation are defined using currying as described previously. ere, only the usage and
application of partial evaluation are discussed.

Consider again the following definition of £ over real numbers:
f ea y ea ea ea 1is y

Application of £ follows the traditional rules of substituting actual parameters for formal parameters in
the expression and substituting the expression for the function. Partial evaluation will perform the same
function, but will not require instantiating all parameters. Consider a situation where £ is applied knowing
that in all cases the value of will be fixed at 2 to perform an average. The following syntax partially
evaluates £ and assigns the resulting function to the new function name a

a ea Yy ea ea

a £
In this definition, the _ symbol is used as a placeholder for a parameter that will not be instantiated. To
calculate the value of £ _ _ , we simply follow the instantiate and substitute rule:

40



f ea y ea ea is y

The result is a 2-ary function that returns a real value. As noted, this function calculates the average of its
two arguments. An alternate, more compact notation for the definition is:

a ea y ea ea is f

This general approach is applicable to functions of arbitrarily many value.

ummary A Rosetta function is defined by specifying a domain, range and an expression defining a
relationship between domain and range elements. The notation:

f is

Defines a function mapping mai to a e where e p is an expression defined over domain parameters
and gives a value for the associated range element. The notation:

f emp mai emp a e

defines f as an element of the bunch of all functions relating domain to ange without specifying the precise
mapping function.

As an example, the increment function is defined over naturals using the notation:
ic at a at a 1is

The angle brackets define the scope of the named parameter while defines the result.

Applying a function is simply substitution of an actual parameter for a formal parameter. Evaluating i ¢
involves replacing with and applying the definition of a function. Specifically:

Function types are specified as anonymous functions using the notation:

This function type specifies the bunch of all functions mapping domain to ange. The definition:
f

says that £ is a function that maps domain to ange.

An anonymous function is a function type whose range elements are specified using an expression using the
following format:

is

This anonymous function specifies the function mapping domain to ange using the expression e . It is
semantically the same as f mai a e. The definition:

f is

says that f is a function that maps domain to ange using the expression e p. It is semantically the same
as f mai a e is e p.

41



Other important operations available for functions include what are traditionally called quantifiers. In
Rosetta, all quantifiers are functions defined over other functions. As an example, consider the mi function.
The signature for the mi function is:

mi f i i i
The mi function accepts an arbitrary function and returns the minimum value associated with the range

of the argument function. Recall that the range of the argument function is the result expression applied to
each element of the domain. Consider the following function application:

mi at a 1is
The domain of the argument is the bunch . Although it is unusual to define a bunch by extension
in these circumstances, it is perfectly legal. The range of the argument function is the expression applied to
each element of the domain. Specifically, . The mi function then returns the minimum value
associated with or

If the unaltered minimum value associated with the input bunch is desired, the mi function can be applied
using an identity function as in:

mi at a is

The ma function is defined similarly and operates in the same manner.

A number of second order functions such as mi and ma are defined and will be presented here. iven that

i i and i ea , the following quantifier functions are defined:
e ation o mat aditiona name
m m Domain
ma ma Maximum value
mi mi Minimum value
se se Comprehension
et et Return type
a a Range or Image
e ists e ists Existential quantifier
f a f a Universal quantifier
Summation
Product

The et function takes a function and returns its defined return type. This is the type specified in the function
definition following parameters and limits the values that can be returned by the function definition. The

a function is similar to a bunch comprehension function and returns the image of a function with respect
to its domain. It returns the bunch resulting from applying the parameter function s expression to each
element of the domain. By definition, a et , but it is not necessar for the range of a function to
be equal to its return type. Consider the following example where a is used to add one to each element of
bunch

a at a is

iven that , the expression above evaluates to . This is precisely the application of
to each element of the range bunch. Applying et to the same function woule return at a as the return

type.

The m function is defined similarly to the range function but instead returns the domain associated with
its function argument. For example:
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m at a is

evaluates to the bunch

The domain and range functions present a greater challenge when dealing with functions of arity other than
1. The domain of a nullary function is defined as the type while the range of a nullary function is the
result of its evaluation:

Using this identy, one can define evaluation of a fully instantiated function as taking the range of that
function. Specifically, if all arguments to a function are known, then the range of that instantiated function
is the same as evaluating the function.

Tef i ma i fte mai f «cti m st e fi e

The domain of functions with arity greater than one is defined as the sequence formed from its parameter
types. The range of such a function is defined as the result of evaluating the function over all possible
combinations of domain variable values. Specifically, given the canonical a function:

a y at a at a is y

domain and range are defined as:

m a at a at a
a a at a
et a at a

As previously defined, the functions mi and ma provide minimum and maximum functions as defined
previously. Interestingly, mi and ma provide quantification functions f a and e ists when is a
boolean valued function. Recall that t e and fa se are defined as the maximum and minimum integer
values respectively. As noted earlier,a and  correspond to the binary relations mi and ma respectively.
This fact is born out by introduction of truth tables. Asf a ande ists are commonly viewed as general
purpose a and  operations, this makes some sense.

Consider the following application of £ a to determine if a bunch, , contains only integers greater than
Zero:

f a ea is
ere, the domain of the argument function is the bunch and the result expression . To determine the
range of the argument function, is applied to each element of . Assume that . Substituting

into the above expression results in:
f a ea is

Applying the result expression to each element of the domain, the range of the function becomes:
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Ast eis greater or equal to all boolean values, the minimum resulting valueis t e as expected. Assuming
demonstrates the opposite effect. ere, the range of the internal function becomes:

fa se fase t e

As fa seisless than t e, the minimum resulting value is fa se. Again, this is as expected.

It is important to note here that f a and e ists behave identically to mi and ma for boolean valued
functions. The mi and ma functions applied in the same way would result in the same outcome. £ a
and e ists provide useful shorthands and are not absolutely necessary in the larger language. Thus, ma
and mi are referred to as quantifiers.

The function se provides a comprehension operator over boolean functions. The signature for se is defined
as follows:

se i ea is c i

Likemi and ma , se observes the range of the input function. owever, instead of returning a single value,
se returns a bunch of values from the domain that satisfy the result expression. Consider the following
example where se 1is used to filter out all elements of that are not greater than

se ea is
Assuming , is true for each element. Thus, the above application of comprehension returns
If then holds only for and the application of comprehension above returns

A shorthand notation is provided to make specifying f a ,e ists,se ,mi andma expressions simpler.
Notationally, the following statement:

f a
is equivalent to:
f a ea is

and returns t e if every selected from is greater than . The notation allows specification of the domain
on the left side of the bar and the expression on the right. The domain of the expression is assumed to be
boolean for f a , e its, and se . For mi and ma , the domain is taken from the expression. This
notation is substantially clearer and easier to read than the pure functional notation. Note that the original
notation is still valid for specifying quantified functions.

The notation extends to n-ary functions by allowing parameter lists to appear before the to represent
parameter lists. The format of these lists is identical to the format of function parameter lists. Specific
examples include:

f a y 1tee y
e ists y 1 te e y
se y 1tee y

It is important to remember that like f a and e ists, se observes the function range and selects
appropriately. Interpreting the notation in the standard way results in the definitions:

f a y 1tee ea is y
e ists y 1tee ea is y
se y itee ea is y
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ummary Quantifier functions operate on other functions. Each generates the range of their function
argument and returns a specific value associated with that range. mi and ma return the minimum and
maximum range values respectively and are synonymous with f a and e ists. se and a provide
comprehension and image functions respectively. se applies a specific boolean expression to a function s
range and returns a bunch of domain elements satisfying the expression.  mreturns the domain of a function
defined as the application of the result expression to every domain element.

There are no direct mechanisms for defining sets by comprehension or for providing quantification. Quantifi-
cation functions over bunches in conjunction with the set former and elements functions provide an effective
means for achieving such definitions. For example, iven a set and a boolean expression , the set of
objects from satisfying is defined as:

se

The result of evaluation is the set formed from the bunch of items from satisfying . Effectively, the select
operation forms the bunch of set elements by: (i) extracting the bunch of elements from using the contents
operator; (ii) filtering the resulting bunch for those elements satisfying ; and (iii) using the set former to
construct a set from the bunch. Using a similar approach, other operations from bunches can be quickly

applied to set objects. Assuming that set T , t T i ,and t T ea
Set e ation e nition
ma i ma i is
mi i mi i is
a i a i is
se i se ea is
f a i f a ea is
e ists i e ists ea is

Note that these shorthands are defined in terms of the dual bunch operations. Users are advised to use the
shorthand notations whenever possible rather than risk definition error.

ummary Quantifiers and set formers are defined indirectly using the contents operator to extract
bunches, applying the associated bunch operator, and rebuilding the set using set formers.

The function type former mai a e defines the bunch of functions mapping mai to
a e. This bunch is in all ways a Rosetta type and can be manipulated as a bunch. Thus, operations such
as bunch containment are defined over functions.

Bunch containment applied to functions is referred to as function containment. Function containment,
f £ , holds when a function is fully contained in a function or function type. Assuming f

and f where , , and  are expressions (potentially bunches):
f £ a f a
where is the result of instantiating the expression associated with £ with and evaluating the result.

f is contained in £ if and only if the domain of £ is contained in the domain of £ and for every element
of £ s domain, f is contained in f . Exploring function inclusion s several cases reveals how it
applies in several situations.
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The simplest case is when and are specified as bunches where the parameter is not involved in
the definition. Examining the function inclusion law, the universal quantifier falls out and the following
relationship results:

In this case, £ isincluded in £ when: (i) its domain is contained in m £ ;and (ii) its range is contained
in a f

A second case occurs when  is an expression and  is a bunch. Instantiating the function inclusion law
results in the following statement:

is a constant value independent of . Therefore, the law requires that the result of applying expression
to actual parameter result in an element of . This is actually equivalent to the previous result and
can be simplified to:

As an example, consider the increment function defined over natural numbers. It should hold that:
ic at a at a

Instantiating the function inclusion law gives:

ic at a at a
mic at a a f a at a ic at a
at a at a a f a at a at a
t e a t e
Thus, increment is of type at a at a . It is interesting to note that this is exactly the

relationship that must be checked for every definition of the form:
f is T

as it indicates that the actual function is of the same type as the specified signature.

The final case defines when one constant function is included in another. In this case, both and  are
expressions and the most general expression of the function inclusion law must be applied.

First, consider determining if the increment function is included in itself. Clearly, this should be the case
and the function inclusion law supports the assertion:

mic mic a f a at a ic ic
at a at a a f a at a

This holds because for any Rosetta item, 1 i holds by definition.

Consider the case of determining if increment is contained in identity over natural numbers. In this case,
the law should not hold:
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at a at a is at a at a 1is
mic mic a f a at a ic i
at a at a a f a at a
t e a fa se
fa se is obtained from the second expression by the counter example provided by as
hen £ e where e is an expression, the following holds:
£ a f a f
or
f a a
tet at i t t e imme iate ypecei e ati a a ea y
e ati m as ep ace it a Teemay et
mc ciciece eet et t at c ec e

The function containment law gives the criteria by which one function may be said to be included within a
function type. Each function type defines a bunch of functions consisting of all those functions included in
it. This means that any function can be used as a type, or bunch, and all the containment laws for bunches
apply to them. This is particularly useful when using a function that returns a bunch rather than a single
value. Consider the function at a at a . This function defines the bunch of all functions
that take a natural number as an argument and return a natural number. Rosetta allows the user to ask if
a given function is contained in that bunch (is a member of that type). For example, consider:

s cc at a at a is

e wish to determine:

s ccC at a at a is s cc at a at a
at a at a a f a at a s cc at a
t e a f a at a at a
t e a t e
t e
Assume that f f f and . The following operations are defined over two functions:
Re ation o mat Definition
f f f a f
f f
f f f
f f a f

Functional equivalence checks to determine if every application of £ and to elements from the union of
their domains results in the same value. Specifically, £ for every in either domain. Function
inequality is defined as the negation of function equality.

Function inclusion comes in several forms and is specified using the same relational operators used for

numerical relations, subset and sub-bunch relationships. One function is included in another (f ) when

applying the including function to every element of the included function s range is the same as applying

the included function. The distinction here is that the range of the included function, not both functions, is

evaluated. Proper inclusion £ occurs when f is included in, but not equal to . It is easy to show that £
a f f . Further, the operations define a partial order over functions.
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A special class of functions for defining limits, derivatives and integrals are provided for use with real valued
functions. These functions exist primarily to allow specification of differential equations (both ordinary and
partial) over real valued functions. iven a real valued function f ea ea , the following definitions
are provided:

unction o mat Definition
Limit im £ lim ()
Derivative ei f —
Indefinite Integral a ti e i f ¢ ()
Definite Integral i te f ()

The derivative of a function is defined with using limit in the canonical fashion. The following axiom is
defined for all real valued functions and real valued e ta:

ei f im £ e ta f e ta e ta

In the derivative function, f is the object function and is the label of the parameter subject to the derivative.
In the above function, the following holds:

ei f —

The derivative function is generalizable to expressing partial derivatives. Assuming that is defined over
multiple parameters, such as ea y ea ea ea , then:

e i —

Antiderivative, or indefinite integral, is the inverse of derivative. The antiderivative of £ with respect to is
expressed as:

atiei f ¢ ()

f being the function in question, being the variable integrated over, and ¢ being the constant of integration.

As antiderivative is the dual of derivative, the following axiom is defined for all real valued functions:
atiei ei f ei atiei £ £

The definite integral of £ with respect to over the range to is expressed as:
ite f - ()

The definite integral is defined as the difference of the indefinite integral applied at the upper and lower
bounds:

ite f atiei f atiei f
It is possible to express a definite integral over an infinite range using the notation:
ite f faset e _inf inf ()
It should be noted that limit, derivative, antiderivative and integral functions are defined over real valued

functions only. Further, the functions provide a mechanism for expressing these operations and some semantic
basis for them. Solution mechanisms are not provided.
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Thus far, all Rosetta functions have been defined by using an expression in the function definition. Rosetta
provides two mechanisms for function construction: (i) function composition; and (ii) selective union. Func-
tion composition is simply an application of function definition techniques that allow a new function to be
constructed from existing functions. Selective union allows functions to be specified by extension.

Function composition is an application of function definition capabilities. Assume that two functions, £ and
exist and that a m f . e can define a new function as the composition of £ and using the
following definition style:

T is £

The approach extends to other definition styles in addition to the direct definition style.

Selective union of two functions f and is defined formally as:

f if m f
te f
e seif m
t e
e if

Further, the domain and range can be defined as:

m
a

m
a

m

f f
f f a

Selective union is highly useful for implementing a form of polymorphism, defining records and tuples, and

defining constructed data types. An example of a function defined by selective union is the simple e
function:
e me ea is
is t e
se itee ea 1is fa se
se itee ea 1is fa se
This is a rather pedestrian use of selective union and there are better definitions of the e function.

owever, it does demonstrate how domain values can be used to select from among different function
definitions.

at cc s e tea metisi t a es se fi st
at cc s e a a metisc ee ¥y a e efi e
a a e se t e s case fa tef me
m i i fftef cti cmpsiti secti f a 1ie
eca se t see t at it s ecessay it t e e tati
pecifica y f is ea y st T Tis £
s pp sef cti cmp siti ys s smeti sme ee t m

t seei it
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Tuples and records provide mechanisms for assembling collections of potentially heterogeneous data struc-
tures. Like sequences, tuples and records are indexed and elements can be accessed in any order. Tuples are
indexed much like an array or sequence. iven a tuple, it s value can be accessed using as an accessor
function. Records are identical except that the user is allowed to provide names for each accessor function.

In Rosetta, both records and tuples are defined using constructed functions. A record type is a function
constructed from individual functions accessing each record. A tuple is the same except that the names
of the access functions are defined to be a sequence of natural numbers. It is not necessary to understand
the semantics of records and tuples to use them, however doing so does lead to a deeper understanding of
constructed functions.

The syntax for defining a record type is the keyword ec followed by a vertical bar delimited list of fields.
The general syntax is:

ec £ T £ T f T

where £ through £ are the names of the various fields and T through T are the types associated with
those fields. To define a specific record type that represents Cartesian coordinates, the following notation is
used:

ec ea y ea ea
To define an element of this type, the standard Rosetta declaration syntax is used:
C ec ea y ea ea

Accessing individual fields of the record is achieved by applying the ¢ to on of the named fields. To access
field y, the following notation is used:

cy

The actual semantics of the record definition shows how the record behaves. Specifically, the type definition
for the Cartesian type translates to:

c y ea is
ea
y ea
ea

Note that the values , y and are field names and not type bunches. As every item in Rosetta is a bunch,
they can be used in this manner. In this case, the notation defines three cases where is equal to , y and
respectively.

One desirable effect of this semantics is that all operations and properties associated with functions also apply
to records. Thus, composition, application, equality and other concepts define the behavior of a record.

Forming a record is achieved by specifying the value associated with each field in a vertical bar separated
list. The square brackets are used to delineate the list. The syntax for record formation is:
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ec f is f is f is

where £ through £ name the fields and  through  name the specific values. Defining a coordinate in
Cartesian space using the definition above is achieved by:

ec y

This is semantically equivalent to the function:

Tuples are simply a special case of records where field names are natural numbers rather than arbitrary
values. Defining and using tuples is achieved using a simple shorthand notation specifically for tuples.
Defining a tuple is achieved using the following notation:
tpe T T T
where T through T name the types of each tuple element. Please note that this definition is identical to:
ec T T T
and thus is semantically defined by:
c T T T 1is
T

T

T

As with records, all operations on functions apply to tuples. In addition, all operations on arrays also apply
to tuples. The use of the indexes above makes tuples equivalent to arrays, and array operations may also be
used on tuples as long as the type restrictions above are observed.

Looking again at Cartesian coordinates, an alternative definition using tuples has the following form:
t pe ea ea ea

iven c of this type, accessing the y coordinate of c is achieved using;:

Tuples are also formed using the notation borrowed from records. Like records, the field names are dropped
giving:

t pe

Unlike records, it is not possible to form a tuple with missing elements. Defining a Cartesian record as
is is is perfectly legal and forms a record of the correct type. owever, forms a two
element tuple, not a coordinate tuple.
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The type 1 is now introduced to contain all e eme t, c mp site, ec ,and t p e types. This type
contains all basic data types provided in the Rosetta type system. It differs from i e sa in that it does
not contain function types, facet types or other types traditionally used to represent non-data constructs.

ummary Records and tuples provide a means for defining collections of indexed data. Both share
semantics with tuples being defined as records whose accessor functions are named by a sequence of natural
numbers. A record is defined using the syntax:

ec £ T f T £ T

where £ through f name the fields and T through T define their associated types. A tuple is defined
similarly:

tpe T T T

where T through T are the types of the tuple elements.

The semantics of records and tuples is defined based on the semantics of functions. Thus, accessing and
manipulating tuples and records is achieved using standard function application techniques.

Records are formed using the notation:
ec f is f is f is

where £ through f name the fields and  through  are their associated values.

Tuples are formed using the notation:
ec

The type i is now defined as the bunch containing e eme t, c mp site, ec and t p e types.

Function application provides Rosetta with a mechanism for defining expressions over locally defined vari-
ables. An additional language construct, the et expression generalizes this providing a general purpose

et construct. The Rosetta et is much like a Lisp et in that it allows definition of local variables with
assigned expressions. The general form of a let expression is:

et T i

This expression defines a local variable of type T and associates expression e  with it. The expression
e is an arbitrary expression that references the variable . Each reference to is replaced by e in the
expression when evaluated.

The syntax of the et expression is defined by transforming the expression into a function. Specifically, the
semantic equivalent of the previous et expression is:

Tetype eemi t t e at e at
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T i is e e
hen the function is applied, all occurrences of in e are replaced by e . This process is identical to
the application of any arbitrary function to an expression. Assume the declaration i i te e and consider
the following et expression:
et itee i i i
The semantics of this et expression is:
itee i is i i

Evaluation of the function application gives:

The usefulness of et becomes apparent when an expression is used repeatedly in a specification. Consider
a facet with many terms that reference the same expressing. The et construct dramatically simplifies such
a specification.

et expressions may be nested in the traditional fashion. In the following specification, the variable of
type T has the associated expression e  while y of type has the expression e . Both may be referenced
in the expression e
et T i ety i
This expression may also be written as:
it e cmma at e t a semic i tef i
et T e y e 1 e
The semantics of this definition are obtained by applying the previously defined semantics of et:
T i is y i is

Consider the following specification assuming that i is of type integer and fc is a two argument function
that returns an integer:

et itee i y itee i 1 1 fc y
hen evaluated, the following function results:
itee i is y 1tee i isi fc y i i
The result of evaluating this function is:
itee i is y 1tee isi fc y i i
y 1tee i isi fci y i
i fci i
In order for normal argument substitution to work, the expressions in the Rosetta let expression must not

be mutually recursive. If recursion is necessary, the expressions must be represented as normal Rosetta rules
or predicates.

53



ummary The et expression provides a mechanism for defining local variables and assigning expressions
to them. This provides shorthand notations that can dramatically simplify complex specifications by reusing
specification fragments. The syntax of the general et expression is:

et T e T e T e i

where  through  define variables, T through T define the types associated with each variable, and e
through e define expressions for each variable.

Evaluating the et expression results in the expression e with each variable replaced by its associated
expression. The semantics of the let expression are defined using function semantics. It is su cient to
realize that the et provides local definitions for expressions.

User defined types are declared in the same manner as any constant or variable. The notation:
T s type i te e

defines a variable type T whose value is unspecified, but whose elements must come from the integers. The
expression specified in the s type declaration is the supertype of the type being defined. Recall that the
expression s type is synonymous with bunch, thus T is a subtype of the integers. Such variable types are
referred to as uninterpreted as their values cannot be determined at compile time. The natural numbers can
be defined from the integers using the following definition:

at a s type i tee is se itee

ere, the value of at a is known to be the bunch of integers greater than or equal to zero. Like T,
at a is asuptype of i te e , but its value is given by the expression.

In general, the notation:
T s type

defines a new type T whose value is not specified, but constrained to be any bunch contained su e t e. Such
variable types are again referred to as uninterpreted subtypes. Their specific values are unknown, but they
are restricted to be a sub-bunch of their associated supertype.

Finally, the notation:
T s type is

Declares a new type whose supertype is a sub-bunch of su e ¢t e and whose value is . It is implied that
su e t e If the supertype is left unconstrained, the new type will have no explicit supertypes.

Consider the definition of the type it as a subtype of at a . The specific definition of it has the
following form:

it s type at a is
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Because at a , this represents a perfectly legal type definition.

Consider the definition of the type at a as asubtype of i te e . The specific definition of at a has
the following form:

at a s type i tee is se itee

As Rosetta is declarative, there is no reason why the declaration cannot include an expression. Further, it
is quite possible that that expression may not be evaluated until analysis time.

In addition to constructing new types comprised of elements, the s type construct can be used to define
types comprised of composite values. The following definition:

time s type ec s m mi tes s sec s

defines a new type named time that is comprised of records. Similarly, it is possible to define types containing
sets, sequences, arrays, and tuples.

One final note about the distinction between the notations T and s type T as declarations. The
first says that the value of 1is a sing e element of type T. The second says that the value of is a wunch of
values selected from T. If the first definition is used as a type, then only single element types are allowed.
The second explicitly allows bunches. In contrast, if these statements are used as terms in a specification,
they are identical. This distinction will become clearer when terms are presented.

The notation:
T s type ie sa

defines a type T that is a subtype of all possible Rosetta values. The i e sa type represents the entire
domain of discourse for Rosetta. A variable of type i e sa may take any value in the Rosetta universe.
Thus, T may be any bunch of values in the Rosetta domain of discourse. Usually, T will be constrained by
definitions in the model where it is used. Types of this kind are refered to as unte etted t es and play a
very similar role to sorts in a sorted type system, although structurally they are quite different.

Any function returning a bunch can be used to define a Rosetta parameterized type. Consider the following
function definition:

e it ect at a s type it ect is
se it ect

Remembering that s type is a synonym for bunch, the function signature defines a mapping from natural
numbers to a bunch of bitvectors. That bunch of bitvectors is defined by the se operations to be those
whose lengths are equal to the parameter . Thus, e it ect will return the bunch of bitvectors
of length equal to its parameter. e can now use e it ect as as a type definition construct.

The notation:

e e it ect
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defines e to be a bitvector of length 8.

The notation:
s type it ect is e it ect

defines to be the bunch of all bitvectors of length 8.

ummary User defined types are declared exactly as are other Rosetta variables and constants.  hile
the notation T forces to be a singleton element of T, the notation s type T allows to bea
bunch selected from T. Types can be formed from any element or composite type.

Uninterpreted types are defined as subtypes of the i e sa type.

Parameterized types are defined by using functions to return bunches as types.

Nl

Like other items in Rosetta, facets are also a type defined by a bunch of items. The specifics of the facet
type are defined in the following chapters and in the Rosetta Semantics uide. ere, the declaration and
an alternate definition mechanisms for facets are presented.

In Chapter 2 a format for defining facets directly is provided. Specifically, the following defines a simple
facet that increments an input value and outputs it:

facet i ci i i te e t i te e is
e i state ase
i

Most basic facets will be described using this method.

In contrast, facets may be defined by composing other facets using the facet a ge a. To achieve this, a
facet is declared and assigned to the composition of other facets. An example from Chapter 2 describes the
composition of requirements and constraints for a sorting component. Specifically:

s t facet is s t e a s tc st

This declaration follows the definitional style used for all Rosetta declarations. The label s t names the
facet while the built-in type facet defines the collection of facets. In this case a forms a new facet from
s t e ands t c st. Notethat a is a facet forming operation and not a boolean operation in this
case.

Like types, parameterized facets may be defined using the function notation. The facet type is a type like
any other and can be returned by functions. Thus, the signature of a parameterized s t facet definition is:

s t s ea facet is
s tc sta if st e ic s t e eses t e

In this definition, the parameter s selects whether requirements for a quicksort or more general sorting
requirements are included in the conjunction.

The following operators are defined over facets:
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e ation o mat e nition

a a co-product of F and
product of F and
t t Inverse of
imp ies imp ies

Equivalence operations

Facet algebra operations are not logical operations. For example, a produces a new facet that is

the product of and . The properties of each operation are defined by the category theoretic notations of

co-product and product.  hen the co-product of two items is formed, the new item must have the properties

of both the original items. Specifically, the facet a must have all properties of both and . hen

the product of two items is formed, the new item must have the properties of one or the other of the original

items. Specifically, the facet must have either properties of or . Negation is similarly defined. t
has none of the properties of

As facets are a Rosetta type, all operations defined over Rosetta bunches are also defined over facet types.
Some specific examples include defining functions over facets and using quantification on functions with facet
domains. This special property will be used heavily when defining re ection and defining meta-functions
operations over facets. The facet algebra is described fully in Chapter 5. It is necessary here only to
understand the mechanisms used to declare facets and the format of facet algebra expressions.

ummary Facets are a Rosetta type. As such, the traditional item declaration syntax is used to declare
and define facets in specifications. Facet variables and constants can be defined in the traditional Rosetta
style.

The facet algebra supports creating new facets from existing facets. Operations for conjunction, disjunction,
negation, implication and equivalence are defined. The semantics of the facet algebra are defined using
product and sum concepts from category theory and will be defined in a subsequent chapter.

A1

The Rosetta type system provides a rich environment for specifying types and functions independent of any
specific specification domain. Rosetta specifies three basic types of data types: (i) elements; (ii) composite
types; and (iii) functions. Elements include basic data items that cannot be decomposed. Composite types
include data structures containing other structures such as bunches, sets, sequences and arrays. Functions
and function types include mappings from one bunch to another.

Every Rosetta type is defined as a bunch. Thus, the operation for bunch membership is used to define
variables and constants of a particular type. Specifically, defining a Rosetta variable of type T is achieved
using the following notation:

T
Defining a similarly typed Rosetta item with a constant value c is achieved using the following notation:
T is c

Because Rosetta types are bunches, they are first class values and can be manipulated just as any other
value would. Any operation defined on bunches can be used on a type. Additionally, the terms c and
type are used interchangeably and are synonyms of each other.
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The following element types are pre-defined in all Rosetta specifications:

The empty bunch containing no elements.

ea The named values t e and fa se. ea isasubtypeof i te e . T eis the greatest
integer value while fa se is the smallest.

itee Integer numbers, from fa setot e. te e isasubtype of ea .
at a Natural numbers, from zerotot e. at a is asubtypeof i te e .
ati a Rational numbers, consisting of two integers, a numerator and a denominator. ati a

is a subtype of ea .

ea Real numbers consisting of all real valued numbers expressed as strings of decimals in tradi-
tional decimal or exponential form.

m e Any legally defined Rosetta number.
c a acte All traditional character values.
e eme t  All elementary values, including all elements of all types named above and all values.

The empty type.

The following composite types are defined in Rosetta:

e The basic collection representation in Rosetta. A c is an unpackaged collection of items
that resembles a set without the power-set concept. The notation c (or type ) refers to
any bunch of Rosetta items formed from the elements of bunch

set  All possible sets that may be defined in Rosetta. A set is a packaged collection of items and
is formed by packaging a bunch. The notation set refers to any set of Rosetta items. The notation
set refers to any set formed from the elements of bunch

se e ce The basic ordered structure representation in Rosetta. A se e ce is an unpackaged,
indexed collection of times. The keyword se e ce refers to any indexed collection of Rosetta items.
The notation se e ce refers to any sequence of Rosetta items formed from the elements of bunch

it ect A special sequence defined as it ect se e ce it .
st i A special sequence defined as st i se e ce c a acte

a ay All possible arrays that may be defined in Rosetta. An array is a packeted collection of
indexed items and is formed by packaging a sequence. The keyword a ay refers to any indexed
collection of Rosetta items. Then notation a ay  refers to any array of Rosetta items formed from
the elements of bunch

i The bunch containing e eme t and all structure types including ec and t p e defined
below.
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In addition, the following composite types are defined for ec s and t p es. Although they are o cially
defined using function semantics, they are included here as their behavior is more closely related to composite

types:

ec f T f T f T Defines a ec  structure with fields £ through £
of type T through T respectively.

tuple T1 T2 ... Tn Defines a t p e structure with elements of type T through T .

Funtions are typically defined by providing a signature and an optional expression. The syntax:
a y at a at a

defines the signature of a function a  that maps pairsof at a into at a . The domain of his function
is the sequence at a at a while the return type and range are both at a . e call this a variable
function as no expression is defined mapping elements of the range type into the return type.

The definition:
a y at a at a is y

defines a function a  whose domain and return type are the same as the previous definition, but with
a defined mapping.  herever the function a a appears in an expression, it can be replaced by the
expression a

Anonymous functions, frequently called lambda functions, are defined by excluding the name and enculating

the function definition in the function former . The definition:
y at a at a
defines an anonymous function signature with the same properties as the first definition of a . e call this

a function type because it defines a class of functions mapping pairs of natural numbers to natural numbers.
The definition:

a y at a at a

is equivalent to the function signature defined above.

The definition
y at a at a is y

defines an anonymous function identical to the constant function a  above, except the anonymous function
has no label. Such functions are equivalent to lambda functions. The definition and declaration:

a y at a at a
a y at a at a is y
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is equivalent to the concrete definition of a above. The a  function is defined as a variable. The
declaration asserts that the a  function is equivalent to the anonymous function defined above. In reality,
this definition provides the semantics for the first definitional notation.

Functions may also be defined by selective union. The notation:

defines a function that is applied by examining the type of the item applied to and using it to select from
alternative expressions. Specifically, if the argument is in , then e . If it isin |, then e results. Such
notation is particularly useful for defining record and tuple structures.

A direct application of the function semantics is the definition of the et construct. Specifically:
et T e T e T e 1 ep

defines the local items  through  and assigns them expressions e through e . These symbols can then
be used normally in expression e . Note also that the function:

is a nullary, constant function whose value is constant 12.

Functions evaluation uses a lazy semantics where formal parameters are replaced by actual parameters in
the function expression and the result is simplified. Thus:

This concept directly supports partial evaluation as in the following:
a y at a at a 1is

where evaluating the result of the instantiation results in an expression parameterized over the remaining
free parameter.

As types are first class items in Rosetta, user defined types are declared exactly as any other constant or
variable. The following classes of type definitions are defined:

T type i e sa Unconstrained type

T type Unconstrained subtype of

T type Defined type whose value is bunch

T type Defined subtype of  whose value is bunch . must hold
12

The following sections are planned for addition to the Usage uide in the future, but do not purport to
represent final language design decisions.
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Using selective union as a semantic basis, Rosetta provides a shorthand for creating types and functions that
create values of this type. These are called constructed types (or bunches), and the functions that create
values of these types are called constructor functions. A bunch predicate of the following form:

ata f i
f

This expression is equivalent to the following definitions and laws (where the definitions are in the definition
section and the laws in the predicate section):

c
f i
f
f
ep t £ £ f
e i
e ists i i f i
e ists f
e ists f

Constructed types, and constructor functions, are well known in the areas of functional programming and
type theory. In addition to making a type theory decidable (which is not a factor in the design of Rosetta),
they allow the user to distinguish otherwise identical types from each other, assuring that type checking
and proofs will catch accidental substitution of one type of values for another. It also allows definitions of
standard operations (such as addition and multiplication) to use different algorithms when necessary.

uni ersal This identifies that the variables before the colon may take on any value whatever, including
elements, bunches, or sequences.

To Do Items

Constructed Types Rework and add the constructed type definitions

Universal type Add the definition of universal formally
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