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Chapter 0001bIntrodutionLisaa is the �rst objet-oriented language based on prototype onepts really ompiled, withsystem programming failities. Atually, two languages are at the origin of Lisaa : the Selflanguage [US87℄ for its �exibility, the onept of dynami inheritane and the Ei�el language[Mey94℄ for its stati typing and seurity (programming by ontrat). The Lisaa ompilerprodue optimized C Ansi Code, whih an then be ompiled on every arhiteture with anappropriate C Compiler (GCC or others), whih made Lisaa a real multi-platform language.Moreover, results of ompiled objets show that it is possible to obtain exeutable from a high-level prototype-based language that are as fast as C programs.1.1 MotivationThe design as well as the implementation of the Isaa 1 operating system [Son00℄ led us todesign a new programming language named Lisaa .Lisaa integrates ommuniations protetion mehanisms, system interruptions support aswell as drivers memory mapping. The use of prototypes and espeially dynami inheritane �ta �exible operating system in the making.The purpose of our projet is to break with the internal rigidity of urrent operating systemsarhiteture that mainly depends, in our opinion, on the low-level languages that have been usedto write them.Thus, our Isaa operating system has been fully written with a high-level prototype-based lan-guage.The evolution of programming languages urrently ful�lls nowadays data-proessing needsand onstraints in terms of software oneption and prodution.Nevertheless, modern languages suh as objet-oriented languages have not brought a real al-ternative to proedural programming languages like C in the development of modern operatingsystems.Historially, during the reation of an operating system, onstraints related to the hardwareprogramming have been systematially ful�lled with a low-level language, suh as the C lan-guage.This hoie leads in general to a lak of �exibility that an be felt at the appliative layer.1Isaa:Objet-oriented Operating System. 5



Chapter 1. IntrodutionOur thoughts led us to design and implement a new objet-oriented language with extrafailities useful for the implementation of an operating system.In order to ahieve that goal, we started to look for an existing objet-oriented language withpowerful harateristis in terms of �exibility and expressiveness.Our language also omes from an experiment in the reation of an operating system basedon dynami objets, whose possibilities are a subtle mix of Self with Ei�el, with the addition ofsome low-level apabilities of the C language. From the Ei�el language, we borrowed a kind ofstati typing form and programming by ontrat, using assertions to seurise programming.Our language Lisaa is the �rst ompiled prototype-based language really usable. Compiledobjets remain objets with all their apaities, whih preserved all the expressivity. Hardwarefailities are inluded in the native language, suh as mapping apability or interrupt manage-ment.
1.2 The Lisaa ompilerThe Lisaa ompiler produe optimized C Ansi Code, whih an then be ompiled on everyarhiteture with an appropriate C Compiler (GCC or others).The ompiler is fully written in Lisaa , the boostrap was done sine 2004, january.The mehanism of the bootstrap is explained in the following �gure.State 1: the �rst version of the Lisaa ompiler is written in another language (here Ei�el),and ompiled as every other Ei�el ode with the Ei�el Compiler. It produes an exeutable, the�rst version of Lisaa ompiler.State 2: the ode of the ompiler is fully translated in Lisaa . We use our Lisaa ompiler(version 1) to ompile the ode (as we an done for every program written in Lisaa ). Itprodues an exeutable, the seond version of Lisaa ompiler. In fat, if there is no error,version 1 and version 2 operates equally. This ompiler produe exeutable ode from Lisaa ,but it was built using Ei�el tehnology, so it is depend of Ei�el.State 3: the ode of the ompiler, written in Lisaa and used at the state 2, is ompiledagain, using the version 2 of our Lisaa ompiler. It produes the version 3 of the Lisaaompiler.Every iteration of the state 3 don't hange the produed exeutable, we are in a stable state.Obviously, the ode of the ompiler must be sure with no error before starting the bootstrapoperation. The advantage of this boostrap is that we are now totally independent of anotherlanguage: the ompiler is now written in Lisaa , with a usable version ompiled with itself:the ompiler is built using only Lisaa tehnology.6



1.3. Why Using Lisaa
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Architecture Specific1.3 Why Using LisaaLisaa was �rst developped to implement Isaa Operating System but beame an independentobjet oriented language, who an be used to write all kind of programs.It deals with numerous advantages: it's a powerful high level language, based on prototypeonepts. Programming seurity was from the beginning a real aspet of Lisaa , with thestati typing and assertion management (programming by ontrat) suh as Requires, Ensuresand Invariant, and lot of veri�ation during ompilation.7



Chapter 1. IntrodutionNumerous high level optimizations give e�ieny and speed to ompiled ode.A large library, fully written in Lisaa , supply the programmer with a large sale of built-inprototypes and funtions, suh as:� Number (signed / unsigned 8, 16, 32, 64 bits integer; real; in�nite auray integer)� Colletions: variable arrays, linked-lists, ditionary (assoiativity key-value), set� Hash oding� Memory management� Input / Output� File System (Unix / Linux ; Windows / Dos)� Image format (bitmap; vetorial)� Graphi (8, 15, 16, 24, 32 bits)� Time and Date1.4 NotationsIn this doument, you'll �nd memory representation of objets. Here is the aption of the �gures.
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Chapter 0010bQuikstart - for beginnersAfter the read of this hapter, you would be able to write simples programs in Lisaa .The next hapter will give you more of Lisaa , allowing you to use all the apabilities and thepower of Lisaa .2.1 Lisaa : a prototype based languageLisaa is an objet oriented language based on prototype onepts.Class and prototype languages di�ers on few but important points. In a lass language, youhave to instane an objet from its desription in order to make it alive.In a prototype language, a desription of objet is already alive. In Lisaa you an use diretlythe �master� objet without instaniate it.This partiular objet is written in apitals and an be use as any objet.Other objets are obtained by loning the �master� objet. The lone routine is not a hard-odedfuntion but a funtion from library.
CLASS A

data A1

method M1

...

A
Instance

Class

clone
PrototypeA.cloneAWith this property, we an see that inheritane is partiular. Objets inherits from alive objets,with their own live. It permits numerous variations from inheritane, depending of its type (+ or -), as sharing parents between 2 loned objet, or dynami inheritane (in hanging thereferene on the parent). We will see this later. 9



Chapter 2. Quikstart - for beginners
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Objets are the fundamental entities in Lisaa ; every entity in a Lisaa program is representedby one or several objets. Even ontrol is handled by objets: bloks (3.9 page 83) are Lisaalosures used to implement user-de�ned ontrol strutures. An objet is omposed of a set ofslots. A slot is a name-value pair. Slots may ontain referenes to other objets. When a slot isfound during a message lookup (see setion 3.2.2.0 page 44), the objet in the slot is evaluated.2.2 NotationsLisaa is ase sensitive, and respets the following onstraints:Variables and slots are written with small letters (x,ounter,. . . ).Type of objets (or "master" name objet / prototype) are in apital letters (integer,boolean,. . . ).Keywords are written with small letters but starts with a apital letter (Setion,Header,. . . ).Symbol := is an a�etation. Be areful not to use symbol = whih ompares 2 objets andreturns a boolean.You will see symbol + or - before the slots. It de�nes the type of the slot and is mandatory !Its role will be explained in the following pages.A sequene ends with ; .If not, the ompiler ontinues to the following line.You an de�ne a list of sequene between ( and ). See setion 3.8 on page 77 for moreinformation on instrution lists.Comments begin with // and stops at the end of the line.For omments on more than one line, start with /* and end at */.2.3 ObjetsIn Lisaa , objets are the fundamental entities. Everything is represented by one or moreobjets, from a simple Integer or Boolean to more omplex entities like arrays or window.One objet is written in one and only one �le, named with the name of the objet and with theextension .li .For example, integer.li, boolean.li,window.li, . . .10



2.4. SlotsA soure ode of an objet is divided in setions.Setion Header is needed. In this setion, you de�ne the name of the objet and the ategory.Here we use the appliation ategory. For the use of other ategories see later. Then you havethe Setion Publi, in whih you will write the slot who will be exeuted (see next paragraph).Setion, Header and Publi are keywords.Example: �le hello_world.liSetion Header+ name := hello_world; // Name is in apital letters- ategory := appliation; // Category is in apital lettersSetion Publi/* ...*/Note that after Setion xxxx there is no ;.2.4 SlotsAn objet is omposed by slots, whih is a servie given by the objet.A slot an be a data as well as ode (funtion or method).A slot is de�ned with a name. It an also add a stati type for datas and funtions.A slot is pre�xed by + or - sign, whih give the type of slot (to simplify, with - value is sharedbetween objets, with + value is loal to the objet, we desribe this later).The type is de�ned with the sign : as pre�x of the type.Setion Header+ name := my_objet; // Name is in apital letters- ategory := appliation; // Category is in apital lettersSetion Publi+ slot:integer; // Value loal to the objet, init with INTEGER default value- slot2:integer := 3; // Value shared between objets, init with value '3'
+slotP

3

MY_OBJECT

-slot2

+slotP

Other object of type MY_OBJECT

-slot2

0

0All of this will be explain later.2.4.1 Methods and funtionsSimple slotsAs said before, a slot an also be funtion or method.Methods( or routines) are a fundamental notion in objet-oriented languages, together with their11



Chapter 2. Quikstart - for beginnersompanion onept late binding (or message send, routine all, method all, dynami dispath,. . . ).There is 2 types of ode slot: the �rst one is exeuted within the load of the objet.It's de�ned as a default value of a variable.+ slot :integer := 3 + 4; // Operation '3 + 4' is evaluated at init+ slot2:integer := slot * 2;The seond type is exeuted only on the all of the slot. It's de�ned with the <- symbol.+ slot :integer := 3;+ slot2 :integer <- ( 5 + slot; ) ; // Operation '5 + slot' evaluated when alling slot2More omplex ode an be de�ned within parenthesis.+ slot :integer := 3;+ slot2 :integer := 4;+ slot3 <- // Slot without return value( slot := slot + 3;slot2 := slot + 5;slot2 := slot2 * 3;);Note that you an write all your text on the same line, but it's more easy to read to alignthe ode like that. The return value of a ode is the value of the last ode (without ;) before ). + slot :integer := 3;+ slot2 :integer <-( slot // Return Value, evaluated with all of ode5);+ slot3:integer :=( slot := slot + 6;slot := slot2 * 5;slot // Return Value, evaluated during load of the objet); Be arefull, the type of return of the slot must be the same as the value of the type ofreturned value.+ slot :integer := 3;+ slot2 :integer := 4;+ slot3 :boolean <-( slot = slot2 // Returns TRUE if equal, FALSE if not12



2.4. Slots);+ slot4:integer <-( slot3 // Error: type are differents);Call of a slotThe all of a slot depends on when it happens.File objet1.liSetion Header+ name := objet1;- ategory := appliation;Setion Publi+ slot :integer := 3;+ slot2 :integer <-( slot * 2 + 4 // Call of 'slot' from the same objet);An objet is initialized with null value, and a all on it will fall in error. In a prototypelanguage (see 2.1 page 9), the 'master' objet (written in apital) is alive without need to in-staniate it. Other objets are reated by loning the 'master' objet using the lone slot. Formore information see 2.7 page 20.File main_objet.liSetion Header+ name := main_objet;- ategory := appliation;Setion Publi+ slot_objet:objet1;+ slot_objet2 :integer <-( slot_objet := objet1.lone; // lone of the objet1 objet.slot_objet.slot2 + 5 // Call of 'slot2' on 'slot_objet' of objet1 type);The symbol . de�nes a all of a slot on another objet.Slots with argumentsYou an also all a slot with parameters.+ slot a:integer :integer <- // 1 parameter. You don't need parenthesis( a * 2 13



Chapter 2. Quikstart - for beginners);+ slot2 (a,b:integer) :integer <- // 2 parameters of the same type( a + b);+ slot3 (a:integer,b:harater) :integer <- // 2 parameters, type different( b.print;a * 3);+ slot4 :integer <-( slot 3 + slot2 (2,3) + slot3 (4,'y') // all of slots);You an de�ne your own keywords to separate parameters.+ slot a:integer value b:integer :integer <- // value is my defined-keyword( a + b * 2);+ slot2 (a,b:integer) write :harater :integer <-( .print;a * b);+ slot3 a:integer multiply b:integer add :integer:integer <-( a * (b + ));+ slot4 :integer <-( slot 3 + (slot2 (2,3) write '') + (slot3 4 multiply 5 add 6) // all of slots);Assignment of slotsBe arefull, you an't assign a value to a slot outside the objet, as de�ned in the followingexample.Setion Header+ name := objet1; 14



2.4. Slots- ategory := appliation;Setion Publi+ value:integer := 3;Setion Header+ name := main_objet;- ategory := appliation;Setion Publi+ slot_objet:objet1;- method <-( slot_objet := objet1.lone;slot_objet.value := 4; // The ompiler will stop);This is done to protet slots of objets. When you de�ne an objet, you must speify theslots who an hange by reating methods dediated for that. You an �nd this tedious, butit will insure that you have the total ontrol of what is done with your objet. Just imagine aslot ounter who an be modi�ed by anybody working with your objet, . . . You an then de�neonditions inside the method to protet more your objet.Example: use of a 'setter'Setion Header+ name := objet1;- ategory := appliation;Setion Publi+ value:integer := 3;- set_value v:integer <- // Define your own setter( (v > 0).if {value := v;} else {value := 0;};);Setion Header+ name := main_objet;- ategory := appliation;Setion Publi+ slot_objet:objet1;- method <-( slot_objet := objet1.lone;slot_objet.set_value 4;); 15



Chapter 2. Quikstart - for beginners2.4.2 Loal variablesYou an de�ne loal variable inside your slot. The syntax is the same as for a slot. A loalvariable will be often not shared (+). The loal variable is initialized with the default value ofits type.+ slot a:integer :integer <-( + var1:integer;+ var2,var3:integer;+ result:integer;var1 := a * 2;var2 := a + 4;var3 := a - 5;result := var1 + var2 - var3;result); Note that you must de�ne all the variable in the �rst lines of your slot, without odeinside this de�nition list.+ slot a:integer :integer <-( + var1:integer;+ var2:integer;+ result:integer;var1 := a * 2;var2 := a + 4;+ var3:integer; // The ompiler will stop with errorvar3 := a - 5;result := var1 + var2 - var3;result);2.5 Compilation and runningTo ompile your Lisaa programs, you'll have simply to type:lisaa my_objet.liIt produes 2 �les: my_objet. and my_objet, who is an exeutable. By default Lisaauses GCC to ompile the C ode produed.Running an objetIn your main objet, you must have only one slot in the Setion Publi. It will be exeutedat the run of your ompiled �le.Setion Header+ name := objet_to_run; 24



2.6. How to write- ategory := appliation;Setion Publi+ value:integer := 3;- go <-( value.print;);When ompiling this program there will be an error: 2 entry points. To orret this error, thevalue slot must be written in a Setion Private, whih is a partiular Setion, visible only inthe urrent objet.Setion Header+ name := objet_to_run;- ategory := appliation;Setion Private+ value:integer := 3;Setion Publi- go <-( value.print;);For more information on slots, methods and method alls, see setion 3.5 page 70 and setion3.6 page 74.2.6 How to write2.6.1 TypesThere is no built-in types in Lisaa . Every type is from the library (you an hek the soureode to see how it is implemented).The base types you an use are :� integer with the arithmeti operations and lot of other (implemented in numeri objet,parent of all number types)Notations: 12, 12d: deimal value1BAh, 0FFh: hexadeimal value01010b, 10b: binary value14o, 6o: otal value10KB, 10MB, 10GB: system faility� boolean: you have 2 'values' for boolean: true or false. Eah of this values are alsoobjets.� harater: a simple haraterNotations: 'a', 'Z', '4': simple harater'\n', '\t', '\r': esape harater'\10\', '\0Ah\': ode harater17



Chapter 2. Quikstart - for beginners� string_onstant: omposed by multiple haraters, annot be modi�ed, de�ned be-tween " "Notations: "Hello World\n": simple string� string: string to built with funtions of the library� fixed_array: an array with �xed lower bound, with lot of operations� blok: a blok of ode, de�ned between { and }See hapter on the library for more details.2.6.2 My �rst Lisaa programHere is the lassial �Hello World� program, that writes to the standard output:Edit File hello_world.liSetion Header+ name := hello_world;- ategory := appliation;Setion Publi- main := "Hello world !".print; // the slot exeutedCompile with: lisaa hello_world or lisaa hello_world.li It produes an exeutable �le alledhello_world.In this �rst Lisaa program, main is the root of the system, or beginning of exeution (mainprogram). The name doesn't matter, it would be �start�, �begin� or whatever you want.The only instrution in the main program is evaluated (i.e. exeuted) immediately at programstartup.Everything is objet in Lisaa , as you an see in this example: the slot print is alled onthe String objet �Hello world !�.See hapter 3 for more explanation.2.6.3 How to printAs we see before, the method print is a library method in the string prototype. But there isalso the same method for numeri types."Hello World !".print;3.print;my_string.print; // objet of string type (reated before, of ourse)2.6.4 How to readNow, let's also read from the standard input: 18



2.6. How to writeSetion Header- name := how_to_read;- ategory := appliation;Setion Publi- main := // a multi-line main( "Enter your name : ".print;io.read_string;("Welome, " + io.last_string).print;);last_string returns a referene to the last string that was entered from the standard output.Note the use of the io prede�ned, initial prototype, for input-output.2.6.5 Conditionals: if elseA basi ontrol struture in many languages is the if - then - else onstrut. In Lisaa ,the then is omitted; the appropriate onstrution2. As we see before, everything is objet, thisonditonal method deals with the same pattern: ondition.if blok_true else blok_falseondition is a boolean objet (true or false) on whih you all the method if with 2 param-eters: blok_true and blok_false (objets of type blok), separated by the keyword elseSetion Header- name := if_else;- ategory := appliation;Setion Publi- main :=( + gender:harater; // a loal variableio.put_string "Enter your gender (M/F) : ";io.read_harater;gender := io.last_harater;(gender == 'M').if { // onditionalio.put_string "Hello Mister !"; // then part} else {io.put_string "Hello Miss !"; // else part};);Note that you an use "my_string".print or else io.put_string "my_string". It has thesame e�et.Note the use of a loal variable gender to hold the user's answer. See setion 3.8.3 page 82for loal variable delaration in lists of instrutions.2if else in Lisaa is not a language onstrut per se, but a simple method all.19



Chapter 2. Quikstart - for beginnersThe onditional is made of a boolean expression (gender == 'M') to whih the message ifelse is sent. See setion 3.6 about message send, and setion 3.9.2.0 page 85 about booleansand onditionals.Note that a list of instrutions and an expression are the same syntatial onstrut, betweenparentheses. See setion 3.8.1 page 78 about return values in lists of instrutions.The { /* . . . /* } de�ne a list of instrution like a lassi list, but its type is blok and itsevaluation is delayed (see setion 3.9 page 83).2.6.6 A loop: do_whileHere is a onditional loop in Lisaa :Setion Header- name := do_while;- ategory := appliation;Setion Publi- main :=( + gender:harater;io.put_string "Enter your gender (M/F) : ";{ io.read_harater;gender := io.last_harater;}.do_while {(gender != 'M') && {gender != 'F'}}; // onditional loop(gender == 'M').if {io.put_string "Hello Mister !";} else {io.put_string "Hello Miss !";};);The input blok is exeuted at least one, and ontinues as long as the loop ondition remainstrue. This kind of loops, as well as others, is explained in setion 3.9.2.0, page 85.2.7 Lisaa : an objet oriented languageLisaa is an objet oriented language. You an build an appliation using more than one objet,it's what is done when you all methods on library objets. The ompiler automatially link allof the needed objets to your main objet (see ompiler hapter for more informations).When you run a program, only the 'master' objets (written in apital) are alive. Others areinitialized with null and you an't use them (there will be a ompiler stop).Setion Header+ name := objet1;- ategory := appliation; 20



2.7. Lisaa : an objet oriented languageSetion Publi+ slot <- /* ... */Setion Header+ name := main_objet;- ategory := appliation;Setion Publi- main <-( + my_objet:objet1;objet1.slot; // No problem, you use the 'master' objetmy_objet.slot; // Compiler will stop in error 'CALL ON NULL');If you want to use an objet you have to use the 'lone' operation from the 'master' objet(see 2.7.1).The 'Self ' objetWe all self the urrent living objet. When you all a slot inside an objet, it impliitly all theslot of the self objet. The keyword Self an be used to expliitly all the self objet (like "this"in Java and C++ or "Current" in Ei�el).Setion Header+ name := example;- ategory := appliation;Setion Publi+ slot_data:integer := 3;- main <-( Self.slot_data.print; // produe exatly the same ode as slot_data.print;); Note that the self is di�erent between all the objets, even if they have the same type,beause Self is an objet.2.7.1 CloneYou an lone an objet to reate a new objet of the same type. The method lone is de�nedin the objet type in the library.The slot name must be de�ned with '+' if you want to lone it. As we see before, you haveto use lone in order to work with an objet.Setion Header+ name := objet1;- ategory := appliation;Setion Publi+ slot <- /* ... */ 21



Chapter 2. Quikstart - for beginnersSetion Header+ name := main_objet;- ategory := appliation;Setion Publi- main <-( + my_objet:objet1;my_objet := objet1.lone;my_objet.slot; // No problem there, my_objet is not Null);Example: memory representation (we don't represent slots 'set_x' and 'set_ount' to simplifythe example, see later the real representation)Setion Header+ name := foo;- ategory := appliation;Setion Publi+ x :integer;- set_x v:integer <- ( x := v; );- ount:integer;- set_ount v:integer <- ( ount := v; );
+xP

0

FOO

-count
0new_foo := foo.lone;

+xP

0

FOO

-count

new_foo := FOO.clone

+xP

-count

0

0new_foo.set_x 1;new_foo.set_ount 2;
+xP

2

FOO

-count

new_foo

+xP

-count

0

122



2.7. Lisaa : an objet oriented language2.7.2 InheritaneYou an de�ne inheritane for objets. You an de�ne as many parents as you want. A parentis de�ned in a Setion Inherit with slots following the same rules as other slots. A parent isalso an objet on whih you an send messages. If a slot alled on an objet is not found in thisobjet, the lookup algorithm searh in the parents to �nd the orret slot. This algorithm do anordered searh from the �rst delared slot in the inheritane setion.Example: Let us see an inheritane with the parent de�ned with '-'Objet fatherSetion Header+ name := father;- ategory := appliation;Setion Publi+ x :integer;- in_x <- ( x := x + 1; );- ount:integer;- in_ount <- ( ount := ount + 1; );Objet sonSetion Header+ name := son;- ategory := appliation;Setion Inherit- parent:father := father; // name of the slot doesn't matterSetion Publi- hange_parent p:father <- ( parent := p; );
+xP

0

FATHER

-count

SON

I - parent

0

new_son := son.lone;
+x P

0

FATHER

-count

SON

I - parent

new_son := SON.clone

I - parent

0

23



Chapter 2. Quikstart - for beginnersnew_son.in_x;new_son.in_ount;
+x     P

1

FATHER

-count

SON

I - parent

new_son

I - parent

1

new_son.hange_parent (father.lone);
+xP

1

FATHER

-count

SON

I - parent

new_son

I - parent

+xP

FATHER.clone

-count

1

1

new_son.in_x;new_son.in_ount;
+xP

2

FATHER

-count

SON

I - parent

new_son

I - parent

+xP

FATHER.clone

-count

2

1

Example 2: Let us see the same example with the parent de�ned with '+'Objet fatherSetion Header+ name := father;- ategory := appliation;Setion Publi+ x :integer;- in_x <- ( x := x + 1; );- ount:integer;- in_ount <- ( ount := ount + 1; );24



2.7. Lisaa : an objet oriented languageObjet sonSetion Header+ name := son;- ategory := appliation;Setion Inherit+ parent:father := father;Setion Publi- hange_parent p:father <- ( parent := p; );
+xP

0

FATHER

-count

SON

I + parent

0

new_son := son.lone;
+xP

0

FATHER

-count

SON

I + parent

new_son := SON.clone

I + parent

0

new_son.in_x;new_son.in_ount;
+xP

1

FATHER

-count

SON

I + parent

new_son

I + parent

1

new_son.hange_parent (father.lone);25
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+xP

1

FATHER

-count

SON

I + parent

new_son

I + parent

+xP

FATHER.clone

-count

1

1

new_son.in_x;new_son.in_ount;
+xP

2

FATHER

-count

SON

I + parent

new_son

I + parent

+xP

FATHER.clone

-count

2

1

26



Chapter 0011bLanguage Referene3.1 Lexial and syntax overviewMost features of the Lisaa language ome from Self. Like Self, Lisaa does not have hard-odedinstrutions for loops or hard-oded instrutions for test statements.The following syntax of Lisaa is desribed using �Extended Bakus-Naur Form� (EBNF).Terminal symbols are enlosed in single quotes or are written using lowerase letters. Non-terminal are written using upperase letters. The following table desribes the semanti ofmeta-symbols used:Symbol Funtion Desription( /* . . . */ ) grouping a group of syntati onstrutions[ /* . . . */ ℄ option an optional onstrution{ /* . . . */ } repetition a repetition (zero or more times)| alternative separates alternative onstrutions! prodution separates the left and right handsides of a prodution3.1.1 Lexial overviewThe following rules draws up the list of the �nal syntati elements of the grammar:Symbol Desriptionsetion setion identi�eridenti�er slot name, . . .operator unary or binary operator symbolinteger onstant of type integerap_identi�er type name: name of objet or prototypeharaters onstant of type haraterstring onstant of type stringexternal external C odea�et symbol assignment slotsstyle lone omportementtype unary typing operationresult result identi�er value27



Chapter 3. Language Referenesetion ! "Header" | "Inherit" | "Private" | "Publi""Mapping" | "Interrupt"identi�er ! LOWER_CASE { ( LOWER_CASE | DECIMAL_DIGIT | '_' ) }operator ! OP_CHAR { OP_CHAR } exept a�et symbol '='integer ! number { "KB" | "MB" | "GB" }ap_identi�er ! UPPER_CASE { ( UPPER_CASE | DECIMAL_DIGIT ) | '_' }haraters ! �' ( NORMAL_CHAR | ESCAPE_CHAR ) �'string ! '"' { NORMAL_CHAR | ESCAPE_CHAR } '"'external ! '`' { NORMAL_CHAR | ESCAPE_CHAR } '`'a�et ! ":=" | "<-" | "?="style ! '+' | '-'type ! "Expanded" | "Separate"result ! "Result" { '_' DECIMAL_DIGIT { DECIMAL_DIGIT } }OP_CHAR ! '!' | '�' | '#' | '$' | '%' | '^' | '&' | '<' | '|'| '*' | '+' | '-' | '=' | '�' | '/' | '?' | '>' | 'n'LOWER_CASE ! 'a' | 'b' | ... | 'z'UPPER_CASE ! 'A' | 'B' | ... | 'Z'OCTAL_DIGIT ! '0' | '1' | ... | '7'DECIMAL_DIGIT ! '0' | '1' | ... | '9'HEXA_DIGIT ! '0' | '1' | ... | '9' | 'a' | ... | 'f' | 'A' | ... | 'F'NORMAL_CHAR ! any harater exept 'n' and �'ESCAPE_CHAR ! 'nt' | 'nb' | 'nn' | 'nf' | 'nr' | 'nv' | 'na'| 'n0' | 'nn' | 'n� | 'n"' | 'n?'| NUMERIC_ESCAPENUMERIC_ESCAPE ! 'n'integer'n'NUMBER ! OCTAL_DIGIT { OCTAL_DIGIT } 'o'DECIMAL_DIGIT { DECIMAL_DIGIT } [ 'd' ℄HEXA_DIGIT { HEXA_DIGIT } 'h'NumbersNotation of numbers: 12, 12d: deimal value1BAh, 0FFh: hexadeimal value01010b, 10b: binary value14o, 6o: otal value10KB, 10MB, 10GB, 10hKB: system failityCharatersNotations: 'a', 'Z', '4': simple harater'\n', '\t', '\r': esape harater'\10\', '\0Ah\': ode haraterThe omplete list of esape sequene is:na : bellnb : bakspaenf : formfeed 28



3.1. Lexial and syntax overviewnn : newlinenr : arriage returnnt : horizontal tabnv : vertial tabn n : bakslashYou an de�ne a number as a string between bakslashes. You an speify the type of thenumber (d or nothing for deimal, h for hexadeimal, o for byte, b for binary)For example: 'n123n', 'n123dn', 'n4A3hn','n101on', 'n10010110bn'.
StringA string_onstant is omposed by multiple haraters, and an't be modi�ed. It is de�nedbetween " ".
Notations: "Hello World\n": simple string

For a better view of the soure ode, you an "ut" a string with the bakslash haraterfollowing by the harater 'spae', a tabulation or a Carry Return. The string will re-start onthe following bakslash harater.For example: "This is nn an example for the nn string." will be transformated by the ompiler in: "This is an example for the string"
3.1.2 Syntax overviewIn order to larify the presentation for human reading, the following grammar of Lisaa isambiguous. (Atually, the Lisaa parser use preedene and assoiativity rules to resolve ambi-guities.) 29



Chapter 3. Language ReferenePROGRAM ! { "Setion" ( setion | TYPE_LIST ) { SLOT } } [ CONTRACT ';' ℄SLOT ! style [ '(' LOCAL ')' ℄ TYPE_SLOT [ ':' ( TYPE | '(' TYPE_LIST ')' ) ℄ [ a�et DEF_SLOT ℄ ';'TYPE_SLOT ! identi�er [ LOC_ARG { identi�er LOC_ARG } ℄| 'n� operator 'n� [ [ ( "Left" | "Right" ) integer ℄ LOC_ARG ℄DEF_SLOT ! [ CONTRACT ℄ EXPR [ CONTRACT ℄LOC_ARG ! identi�er ':' TYPE| '(' LOCAL ')'LOCAL ! { identi�er [ ':' TYPE ℄ ',' } identi�er ':' TYPETYPE_LIST ! TYPE { ',' TYPE }TYPE ! [ type ℄ PROTOTYPEPROTOTYPE ! ap_identi�er [ '[' TYPE_LIST { identi�er TYPE_LIST } '℄' ℄EXPR ! EXPR_PREFIX ( [ a�et EXPR ℄ | { operator EXPR_PREFIX } )EXPR_PREFIX ! { operator } EXPR_MESSAGEEXPR_MESSAGE ! EXPR_BASE { '.' SEND_MSG }EXPR_BASE ! EXPR_PRIMARY| SEND_MSG| "Old" identi�erEXPR_PRIMARY ! "Self"| PROTOTYPE| result| integer| haraters| string| '(' GROUP ')'| '{' [ LOC_ARG ';' ℄ GROUP '}'| external [ ':' [ '(' ℄ TYPE [ '(' TYPE_LIST ')' ℄ [ ')' ℄ ℄GROUP ! DEF_LOCAL { EXPR ';' } [ EXPR { ',' { EXPR ';' } EXPR } ℄CONTRACT ! '[' DEF_LOCAL { ( EXPR ';' | "..." ) } '℄'DEF_LOCAL ! { style LOCAL ';' }SEND_MSG ! identi�er [ ARGUMENT { identi�er ARGUMENT } ℄ARGUMENT ! EXPR_PRIMARY| identi�er3.2 Setions identi�ersThe identi�er of a setion makes it possible to hoose the interpretation of the slots whih arein this setion. The interpretation of the slots relates to various aspets:� heading and versioning information (f. 3.2.1)� the mode of appliation of the lookup mehanism: inheritane slot (see 3.2.2) or normalmessage slot� the exeption mode (see 3.2.4)� the data struture mapping mode (see 3.2.3)� the link with C ode mode (see 3.2.5)� the lassial ode setion (see 3.2.6) 30



3.2. Setions identi�ers3.2.1 The header setionThe header setion is mandatory. It is used to enumerate the general parameters of the pro-totype. In this setion, only the slots ontaining onstants (harater string, or numerial on-stants) are authorized. This setion must inlude the name slot whih indiates the name of theprototype itself.Other optional slots an be added to omment on the prototype. The ategory slot indiatesthe ategory of the prototype with respet to its level of protetion related to the other prototypes.There are 3 level of protetion and a speial level: kernel, driver, appliation and doile.� A kernel objet an use only objets of kernel level.� A driver objet an use objets of kernel or kernel level.� An appliation objet an use objets of all levels.A doile objet an be used by any other objet and take the ategory of this objet. Objetsof the library are doile.In addition, some onventions on the names of the slots have been �xed for the purpose ofmaintenane and to ensure onsisteny of the information of the header setion.You an't modify any slot during the exeution: imagine for example the onsequenes ofmodifying the ategory slot !Slot name Type Desription'name' prototype prototype's name (mandatory)'ategory' kernel, driver protetion levelappliation,doile default is appliation'version' real version number'date' string_onstant release date'omment' string_onstant Comment'author' string_onstant author's name'bibliography' string_onstant programmer's referene'language' string_onstant enoding ountry language'bug_report' string_onstant bugs report list'type' external C equivalent type (if any)'default' expression Default value of the prototype (see 3.3.4)'external' external C ode whih will be inluded in the C ompiled �leSetion Header- name := my_prototype;- ategory := appliation;- version := 1;- date := "2004/06/05";- omment := "An example";- author := "Jerome Boutet";- bibliography := "http://www.isaaos.om";- language := "English";- bug_report := "None :-)";- type := `unsigned long`;- default := 100;- external := `#inlude <stdio.h>`; 31



Chapter 3. Language RefereneObjets and loneThere are 3 kinds of objets, de�ned with the slot name.� Slots de�ned with the the - symbol, like- name := my_name;are non lonable. You an only use the my_name "master" objet.� Slots de�ned with the the + symbol, like+ name := my_name;are lonable. You an use the my_name "master" objet and every lone of it. Be arefull,in this ase the objet must inherit an objet ontaining the lone method (in most of theases objet objet).� Slots de�ned with the the + symbol and the Expanded keyword, like+ name := Expanded my_name;are expanded ones. You don't have to lone to use the objet: every objet of this type isalive. In most of the ases expanded objets are simple objets, suh as integer, har-ater, boolean,. . . Usually you have to de�ne the slot default and a type assoiated.3.2.2 The inherit setionThis setion desribes the inheritane slots of the objet. Like in Self, a prototype an haveseveral parent slots (multiple inheritane is allowed). The only limitation is that parents andsons must have the same ategory. The slots of this setion being mostly used by the lookupmehanism, only slots without arguments are authorized.Most of the time, a slot of the inherit setion refers to another prototype, by simply indi-ating its name. It is also possible to de�ne a parent slot using an instrution list.It is not possible to de�ne a parent slot using an instrution blok, beause that doesnot have signi�ane.The assignment of a parent slot may our at any time during exeution to dynamiallyhange the anestors of the prototype. A parent slot with no value at a given time (null) isprohibited by the lookup algorithm (see setion 3.2.2.0 page 44).The number of inheritane slots is �xed in the soure ode. Adding a new inheritane slotduring the exeution is not allowed in Lisaa .Slots in the inherit setion are not visible from outside of the objet itself. Aessing aparent slot simply returns the orresponding parent objet (if any).The order in whih the slots are delared is very important for the lookup algorithm whileseeking a message. The inheritane slots are examined with respet to the order in whih thesoure text is written, in a depth-�rst way, without taking into aount possible on�its (seelookup algorithm 3.2.2.0). If a slot alled on an objet is not found in this objet, the lookupalgorithm searh in the parents to �nd the orret slot and retourn the �rst found.25



3.2. Setions identi�ersSetion Header+ name := father1;- ategory := appliation;Setion Publi+ slot1 <- /* ... */+ slot2 <- /* ... */Setion Header+ name := father2;- ategory := appliation;Setion Publi+ slot2 <- /* ... */+ slot3 <- /* ... */
FATHER1

slot1

slot2

FATHER2

slot2

slot3

SONSetion Header+ name := son;- ategory := appliation;Setion Inherit- parent1:father1 := father1;- parent2:father2 := father2;Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + objet_son:son;objet_son := son.lone;objet_son.slot1; // From father1objet_son.slot2; // From father1objet_son.slot3; // From father2); 33



Chapter 3. Language RefereneYou an also rede�ne slots in the sons. Slot must follow the same typing pro�le as its parent(for parameters and result, see also 3.3.2 page 55) but you an hange the kind of slot (+, - andExpanded).Setion Header+ name := father1;- ategory := appliation;Setion Publi+ slot1 v:integer :integer <- /* ... */+ slot2 <- /* ... */Setion Header+ name := father2;- ategory := appliation;Setion Publi+ slot2 <- /* ... */+ slot3 t:integer <- /* ... */Setion Header+ name := son;- ategory := appliation;Setion Inherit- parent1:father1 := father1;- parent2:father2 := father2;Setion Publi- slot1 v:integer :integer <- /* ... */ // slot1 is now shared+ slot3 t:integer <- /* ... */Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + objet_son:son;objet_son := son.lone;objet_son.slot1 4.print; // From son (redefinition)objet_son.slot2; // From father1objet_son.slot3 5; // From son (redefinition));The name of the inheritane slots doesn't matter. We often named it �parent� but it's formore visibility, it's not a reserved keyword. But it's mandatory to preise the type of the parent,as for any data slot. 34



3.2. Setions identi�ersAs every slot in Lisaa , inheritane slots have 3 di�erent behaviours.Shared inheritaneA parent an be de�ned with the the - symbol:Setion Inherit- parent:father := father;In this ase every lone of the objet share the same parent objet. If a son objet hange itsparent, every lone of this son have their parent hanged.Objet fatherSetion Header+ name := father;- ategory := appliation;Setion Publi+ x :integer;- in_x <- ( x := x + 1; );- ount:integer;- in_ount <- ( ount := ount + 1; );Objet sonSetion Header+ name := son;- ategory := appliation;Setion Inherit- parent:father := father;Setion Publi- hange_parent p:father <- ( parent := p; );
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Chapter 3. Language Referenenew_son.in_x;new_son.in_ount;
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Non shared inheritaneA parent an be de�ned with the the + symbol:Setion Inherit+ parent:father := father;In this ase every lone of the objet share the same parent objet at its reation. If a son objethange its parent, other lones of this son haven't their parent hanged.Objet father36



3.2. Setions identi�ersSetion Header+ name := father;- ategory := appliation;Setion Publi+ x :integer;- in_x <- ( x := x + 1; );- ount:integer;- in_ount <- ( ount := ount + 1; );Objet sonSetion Header+ name := son;- ategory := appliation;Setion Inherit+ parent:father := father;Setion Publi- hange_parent p:father <- ( parent := p; );
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Chapter 3. Language Referenenew_son.hange_parent (father.lone);
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Expanded inheritaneA parent an be de�ned with the the + symbol and the Expanded keyword:Setion Inherit+ parent:Expanded father;In this ase, you don't have to a�et the value of the parent.You have an "auto-lone" for parents: eah time you lone a son, you have the lone of itsparents. Objet fatherSetion Header+ name := father;- ategory := appliation;Setion Publi+ x :integer;- in_x <- ( x := x + 1; );- ount:integer;- in_ount <- ( ount := ount + 1; );Objet son38



3.2. Setions identi�ersSetion Header+ name := son;- ategory := appliation;Setion Inherit+ parent:Expanded father;Setion Publi- hange_parent p:father <- ( parent := p; );
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Note: This kind of inheritane is similar to inheritane in objet oriented languages based onlass.A parent an also be de�ned with the the - symbol and the Expanded keyword. The parentsare now shared.Setion Inherit- parent:Expanded father;The value of the parent is already initialised.Objet fatherSetion Header+ name := father;- ategory := appliation;Setion Publi+ x :integer;- in_x <- ( x := x + 1; );- ount:integer;- in_ount <- ( ount := ount + 1; );Objet son40



3.2. Setions identi�ersSetion Header+ name := son;- ategory := appliation;Setion Inherit- parent:Expanded father;Setion Publi- hange_parent p:father <- ( parent := p; );
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- parent Exp

+xP

1-count

SON

I

+xP

FATHER

-count

FATHER.clone

00

- parent Exp

new_son

Inew_son.in_x;new_son.in_ount;
- parent Exp

+xP

2-count

SON

I

+xP

FATHER

-count

FATHER.clone

10

- parent Exp

new_son

IImmediate/delayed evaluationThe evaluation of the heritage slots depends on their order of delaration� Evaluation after the loading of the prototype:Setion Inherit+ parent:expr := expr;� Evaluation every time the lookup algorithm reahes this slot (this should be avoided,beause it is obviously very expensive):Setion Inherit- parent:objet <- searh_parent;Here, searh_parent is a method to evaluate the parent.Other example:Setion Inherit- parent:objet <-( + result:objet; 42



3.2. Setions identi�ers(�ag_depend).if {result := value;} else {result := affet;};result); the �ag_depend slot must be present in the lower of the inheritane tree.Stati type and visibility of the slotsThe stati type of a slot parent must orrespond to the �rst ommon anestor of the parentspossible dynamis.About the visibility of the slots, the stati tree of heritage shows the slots aessible.Setion Header+ name := a;- ategory := appliation;Setion Publi+ bar <- /* ... */+ foo <- /* ... */Setion Header+ name := b;- ategory := appliation;Setion Inherit+ parent:a := a;Setion Publi+ bar <- /* ... */+ toto <- /* ... */Setion Header+ name := ;- ategory := appliation;Setion Inherit+ parent:a := a;Setion Publi+ titi <- /* ... */+ foo <- /* ... */Setion Header+ name := d;- ategory := appliation; 43



Chapter 3. Language RefereneSetion Inherit+ parent:a <-(... // ode that an be dynamially b or );Setion Publi+ new <- /* ... */+ toto <- /* ... */

Xor

Prototype "A"

slot "bar"

slot "foo"

Prototype "B"

slot "bar"

slot "toto"

Prototype "C"

slot "titi"

slot "foo"

slot "new"

slot "toto"
Self

Prototype "D"

slot "titi"

slot "foo"

Slot Not accessible from Self.

Slot accessible from Self.

Dynamic inheritance.

Static inheritance.Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + objet_d:d;objet_d := d.lone;objet_d.bar; // Ok, from a or from b (dynami inheritane)objet_d.foo; // Ok, from a or from  (dynami inheritane)objet_d.new; // Ok, from dobjet_d.toto; // Ok, from d (redefinition in d)objet_d.titi; // Error: slot not aessible);The lookup algorithmThe lookup algorithm is the name of the algorithm used to resolve message send (or dynamidispath). It determines whih preise method is alled.LetM be the omplete name of the alled method, with ommas or keywords, if any (see slotnames in setion 3.5 page 70). Let R be the reeiver of the message send; in ase the reeiver isimpliit, R is self. Let T be the dynami type of R.The lookup algorithm works as follows: 44



3.2. Setions identi�ers1. Look for method M in the urrent prototype T , searhing ode slots.Sine there is no overloading in Lisaa , there should be at most one slot mathing M .If one was found, the lookup algorithm stops, the target method has been found and themessage send an proeed.If none was found, ontinue with step 2.2. Reursively look for method M in all the parents of the urrent prototype T , until one isfound or all parents have been examined.If the mathing method has been found, the lookup algorithm stops, the target methodhas been found and the message send an proeed.If none was found, whih indiates an error from the developper, an error message isemitted.Note that at step 1, sine there is no overloading in Lisaa , there should be at most oneslot mathing M . The order of delaration of ode slots in T is thus irrelevant.Conversely, the order of delaration of parent slots is highly relevant. Indeed, during step 2,parent slots are searhed reursively, that is in depth-�rst manner. They are also examined inthe order of delaration in the soure ode (top to bottom). As a onsequene, in ase of multipleinheritane, if n parent slots (2 � n) refer to prototypes that ontain the searhed method M ,it is the M ontained in the �rst of those n parent slots that shall be alled. Thus multipleinheritane on�its in Lisaa are solved in a (depth-�rst) ��rst ome, �rst served� manner.- lookup msg:string set_visited v:set[objet℄ :blok <-( + result:blok;+ i:integer;(! v.has self).if {// yle detetion.v.add self;// Searh in urrent objet.i := list.lower;{(i <= list.upper) && {result = null}}.while_do {(list.item i.name == msg).if {// message found.Result := list.item i.value;};i := i + 1;};(result = null).if {// Searh in parent objet.i := parent_list.lower;{(i <= parent_list.upper) && {result = null}}.while_do {result := parent_list.item i.lookup msg set_visited v;i := i + 1;};}; 45



Chapter 3. Language Referene};result);Resending messages: The equivalent of super in Smalltalk or resend in Self.A message all applied to some parent slot is the natural mehanism to ahieve he equivalent ofsuper in Smalltalk or resend in Self. This means that the message is sent to the parent with theurrent objet ontext. You an bypass the lookup algorithm by preising the parent on whihyou all the slot.Setion Header- name := father1;- ategory := appliation;Setion Publi- method <- /* ... */Setion Header- name := father2;- ategory := appliation;Setion Publi- method <- /* ... */Setion Header- name := sonSetion Inherit+ parent1 := father1;+ parent2 := father2;
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3.2. Setions identi�ers
P - method code+parent1I

self

FATHER1

P - method code

FATHER2
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Instruction Pointer3.2.3 The mapping setionThe mapping setion purpose is to format data slots desription aording to some �xed hard-ware data struture.In suh a setion, the ompiler follows exatly the order and the desription of slots as they arewritten to map exatly the orresponding hardware data struture.Thus, one is able to write data slots desription aording to the hardware to handle.You an only de�ne slots with the + symbol, and only datas (not ode).Otherwise, these attributes are used exatly as the others not in the mapping setion (readingor writting).Setion Mapping+ x1:uinteger; // 4 bytes, unsigned+ x2:usmallint; // 1 byte, unsigned+ x3:smallint; // 1 byte, signed+ x4:ushortint; // 2 bytes, unsigned+ x5:uinteger; // 4 bytes, unsigned+ x6:shortint; // 2 bytes, signed+ x7:ushortint; // 2 bytes, unsignedThese prototype math exatly a 16 byte physial struture.
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Memory

Slots inside some mapping setion are onsidered private for any other objets. Slotsan only be de�ned with the + property. No slot outside this setion an be de�ned with the +property.Setion Mapping+ x1:ushortint;- x2:uinteger; // Compiler will stop in error47



Chapter 3. Language RefereneSetion Publi+ ount:integer := 3; // Compiler will stop in error- slot:integer <- /* ... */ // OkThe mapping an also be used to represent �les.3.2.4 The interrupt setionThe goal of the interrupt setion is to handle hardware interruptions.In this setion you an de�ne methods (ode slots) that will be exeuted only while there is aninterrupt assoiated.Eah slot is assoiated with one of the proessor's interruptions [Hum90℄.These slots di�er from others in their generated ode. For example, their entry and exit odesare related to the interrupt proessing.Their invoations are asynhronous and borrow the quantum of the urrent proess.Generally, these slots are little time onsumers and they don't require spei� proess' ontextfor their exeutions.It is thus neessary to be areful while programming suh slots to ensure the onsisteny of theinterrupted proess.De�ne your method (without return value, beause you don't expliitly all it) as any otherlassial method.Then assoiate the adress of your method with the e�etive interrupt jump adress (it dependsof your arhiteture). This an be done using a system mapped objet.When your interrupt physially happends, there is the all of your assoiated method, whihreturns a pointer on the ode.The ompiler will not optimize loal variables of your interrupt method beause of its partiu-larity: the all depends of the ontext and annot be antiipated during ompilation.Setion Interrupt- interrupt_01 <- /* ... */;
- interrupt_01E

INTERRUPT_OBJECT

code ...

Physical Interrupt table

Int #00

Int #01

Int #02You must de�ne as C external (3.12 page 93) the following maros: __begin_interrupt__and __end_interrupt__. These maros will be exeuted every time an interrupt funtionis ativated. The ode of these maros depends on the arhiteture. Example for X86 follows.Setion Header- name~~~~~~~:= interrupt_manager;- ategory~~~:= kernel;- external := ` 48



3.2. Setions identi�ers#define __BEGIN_INTERRUPT__ volatile unsigned long eax;volatile unsigned long ebx;volatile unsigned long ex;volatile unsigned long edx;volatile unsigned long esi;volatile unsigned long edi;asm volatile ("/* BEGIN INTERRUPT */movl %%eax,%0movl %%ebx,%1movl %%ex,%2movl %%edx,%3movl %%esi,%4movl %%edi,%5/* BEGIN CODE */": "=m"(eax),"=m"(ebx),"=m"(ex),"=m"(edx),"=m"(esi),"=m"(edi): /* no input */: "eax","edx","ex","ebx","ebp","esi","edi", "memory");#define __END_INTERRUPT__ asm volatile ("/* END CODE */movl %0,%%eaxmovl %1,%%ebxmovl %2,%%exmovl %3,%%edxmovl %4,%%esimovl %5,%%edimovl %%ebp,%%esppopl %%ebpiret/* END INTERRUPT */": /* no output */: "m"(eax),"m"(ebx),"m"(ex),"m"(edx),"m"(esi),"m"(edi): "eax","edx","ex","ebx","ebp","esi","edi", "memory");`;3.2.5 The external setionWhen a slot is de�ne in Lisaa , its real name (the name of the slot after ompilation) is di�erentin the produed C ode beause of the ompiler (optimization, speialization, . . . ).You an de�ne a speial setion, Setion External, whih spei�ed that the funtion herede�ne must keep their name after ompilation.This apability is very useful when you want tolink the produed C ode with existing ode.This setion is more detailed in setion 3.12 page 93.49



Chapter 3. Language Referene3.2.6 Other setionsOther setions shared the same objetive: they all are setion of ode and datas. The di�erenebetween these setions are only the visibility of their slot (method and datas). There is 3 kindof setions of this type: the Private setion, the Publi setion and the prototype list setion.Setion PrivateIt's the most restritive setion. The slots de�ned in it are only aessibles inside the urrentobjet (the self) objet) but not for its desendants.Setion Interrupt, Setion Mapping and Setion Inherit are onsidered Private.Setion SELFThe slots de�ned in it are only aessible inside the urrent objet but also for its desendants.Note that its the keyword self is written in apital, whih is a di�erent as other keywords.Setion prototype listThis setion is de�ned with the keyword Setion followed by a list of prototypes (in apital, sep-arated by ,) whih are allowed to all the slots (example: Setion integer,boolean,string).The self objet have also the right to all it.Setion PubliIt's the most permitive setion. The slots de�ned in it are aessibles from all the objets.You an de�ne as many setions as you want.Setion Header+ name := first;- ategory := appliation;Setion Private+ slot_private <- /* ... */Setion SELF+ slot_self <- /* ... */Setion first+ slot_list1 <- /* ... */Setion first,seond+ slot_list2 <- /* ... */Setion Publi+ slot_publi <- /* ... */ 50



3.2. Setions identi�ersObjet private self list1 list2 publiself objet only OK OK OK OK OKNot its desendantsself objet and X OK OK OK OKits desendantsType first ('master' objet first X X OK OK OKall its lones and desendantsType seond ('master' objet seond X X OK OK OKall its lones and desendantsAny type exept first and seond X X X X OKExamine this example in details:Setion Header+ name := first;- ategory := appliation;Setion Private+ slot_private <- /* ... */Setion SELF+ slot_self <- /* ... */Setion first+ slot_list1 <- /* ... */Setion first,seond+ slot_list2 <- /* ... */Setion Publi+ slot_publi <- /* ... */+ slot_test <-( slot_private; // Allowedslot_self; // Allowedslot_list1; // Allowedslot_list2; // Allowedslot_publi; // Allowed);+ slot_test2 <-( + objet_first:first;objet_first := first.lone;objet_first.slot_private; // Forbiddenobjet_first.slot_self; // Forbiddenobjet_first.slot_list1; // Allowedobjet_first.slot_list2; // Allowedobjet_first.publi; // Allowed); 51



Chapter 3. Language RefereneSetion Header+ name := seond;- ategory := appliation;Setion Publi+ slot_test <-( + objet_first:first;objet_first := first.lone;objet_first.slot_private; // Forbiddenobjet_first.slot_self; // Forbiddenobjet_first.slot_list1; // Forbiddenobjet_first.slot_list2; // Allowedobjet_first.publi; // Allowed);Setion Header+ name := other;- ategory := appliation;Setion Publi+ slot_test <-( + objet_first:first;objet_first := first.lone;objet_first.slot_private; // Forbiddenobjet_first.slot_self; // Forbiddenobjet_first.slot_list1; // Forbiddenobjet_first.slot_list2; // Forbiddenobjet_first.publi; // Allowed); The all of a slot in Setion Private or Setion SELF is restrited to the impliitall. You an't use the Self objet.Setion Header+ name := first;- ategory := appliation;Setion Private+ slot_private <- /* ... */Setion SELF+ slot_self <- /* ... */Setion Publi+ slot_test <-( slot_private; // Allowedslot_self; // Allowedself.slot_private; // Forbiddenself.slot_self; // Forbidden); 52



3.2. Setions identi�ersAessibility and inheritaneInheritane share the same aessibility between parents and sons. For example, if a slot isde�ned in a Publi setion in a parent, it is also Publi for its desendants. Note that aPrivate slot is not visible from the desendants. If you de�ne a visibility for a prototype, it isalso available for its desendants. Look at the aessibility as if the onsidered slot was e�etivelyin the urrent objet and not in its parents.Setion Header+ name := father;- ategory := appliation;Setion Private+ slot_private <- /* ... */Setion SELF+ slot_self <- /* ... */Setion father+ slot_list1 <- /* ... */Setion first+ slot_list2 <- /* ... */Setion Header+ name := son;- ategory := appliation;Setion Inherit+ parent:father := father;Setion Publi+ slot_test <-( slot_private; // Forbiddenslot_self; // Allowedslot_list1; // Allowed (father and all its desendants)slot_list2; // Forbidden);+ slot_test2 <-( + objet_son:son;objet_son := son.lone;objet_son.slot_private; // Forbiddenobjet_son.slot_self; // Forbiddenobjet_son.slot_list1; // Allowedobjet_son.slot_list2; // Forbidden);Setion Header+ name := first;- ategory := appliation;Setion Publi 53



Chapter 3. Language Referene+ slot_test <-( + objet_son:son;objet_son := son.lone;objet_son.slot_private; // Forbiddenobjet_son.slot_self; // Forbiddenobjet_son.slot_list1; // Forbiddenobjet_son.slot_list2; // Allowed);Aessibility restrited to a prototype is also valid for its desendants. In the previous exam-ple, all on slot_list2 is allowed in all the objets of first type and for all its desendants.Setion Header+ name := son_first;- ategory := appliation;Setion Inherit+ parent:first := first;Setion Publi+ slot_test <-( + objet_son:son;objet_son := son.lone;objet_son.slot_private; // Forbiddenobjet_son.slot_self; // Forbiddenobjet_son.slot_list1; // Forbiddenobjet_son.slot_list2; // Allowed);You must also keep the same aesibility type when you rede�ne a slot in a son.Setion Header+ name := father;- ategory := appliation;Setion Private+ slot_private <- /* ... */Setion first+ slot_list1 <- /* ... */Setion Header+ name := son;- ategory := appliation;Setion Inherit+ parent:father := father;Setion Private+ slot_private <- /* ... */ // Ok, it respets the same aessibilitySetion publi+ slot_list1 <- /* ... */ // Error: aessibility is different// between father and son54



3.3. Type names3.3 Type namesType names are noted with prototype names. A keyword in upperase (apital letter) identifythem.+ olor:integer;3.3.1 GeneriityTo ease the implementation of ontainers like arrays, linked lists and ditionaries for example,we also added a form of generiity (parametri types) suh as the one de�ned in Ei�el [Mey94℄.+ array:array[harater℄;To de�ne suh a prototype using generiity, you'll de�ne between '[' and '℄' the abstrat typesused, separated by ommas ',' or by keywords. In the de�nitions of slots, you an use yourabstrat typeSetion Header+ name := generiity_example[e,f℄;- ategory := appliation;Setion Publi- slot:f <-( + elt:e;/* ... */); The name of the prototype is the entire name, with '[' and '℄'.Setion Header+ name := test;- ategory := appliation;Setion Publi- slot <-( + gen:generiity_example; // Error: the type does not exist+ gen2:generiity_example[string,integer℄; // OK/* ... */);Note that when you use the generiity-prototype, you have to preise the real types you want.3.3.2 Invariant's type ontrolThe rede�nition of a slot must have the same pro�le as her parent (standard type and name forthe arguments and the return value).Setion Header- name := father;- ategory := appliation;Setion Publi 55



Chapter 3. Language Referene+ to_string arg:integer :string <- /* ... */Setion Header- name := son;- ategory := appliation;Setion Inherit- parent: father:= father;Setion Publi+ to_string arg:integer :string <- /* ... */ // Ok, follow the same profileSetion Header- name := son;- ategory := appliation;Setion Inherit- parent:father := father;Setion Publi+ to_string arg:real :array[harater℄ <- /* ... */ // Error: not the same profile3.3.3 Partiular type: self typeThe type self represents a prototype whih is exatly the same type as the urrent prototype.Setion Header- name := example;- ategory := appliation;Setion Publi+ slot:self <- ( /* ... */ );Here the self type is exatly example.Another example using inheritane:Setion Header+ name := father;- ategory := appliation;Setion Publi- reate:self <-( + result:self;result := self.lone;result);Setion Header+ name := son;- ategory := appliation;Setion Inherit 56



3.3. Type names- parent:father := father;Setion Header- name := test;- ategory := appliation;Setion Publi- main:=( + objet_father:father;+ objet_son:son;objet_father := father.reate; // Type fatherobjet_son := son.reate; // Type son);We an see with this last example that even if the slot who returns self type is de�ned in aparent, it's the urrent objet who de�ne the real type of self.self type is available only if the result is alulated. You an't write- slot:self;Beause if you have inheritane and the slot self in the parent, in the hildren the type isdi�erent.Setion Header+ name := father;- ategory := appliation;Setion Publi- a:self;Setion Header+ name := son1;- ategory := appliation;Setion Inherit- parent:father := father;Setion Publi- a�et_a <- ( a := self; ); // Here self is son1Setion Header+ name := son2;- ategory := appliation;Setion Inherit- parent:father := father;Setion Publi- a�et_a <- ( a := self; ); // Here self is son1Setion Header- name := test; 57



Chapter 3. Language Referene- ategory := appliation;Setion Publi- main :=( + objet_son1:son1;+ objet_son2:son2;objet_son1 := son1.lone;objet_son2 := son2.lone;objet_son1.a�et_a; // Okobjet_son2.a�et_a; // Error of typing, a is type son1 and an't be then son2);3.3.4 Default value of a slot aording to its type.A default value an also be de�ned in the slot default in the Setion Header. It an be a valueor an expression evaluated at initialisation of the slot or the loal slot (at start of exeution ofthe method).Setion Header- name := example;- ategory := appliation;- default:= null;If you use the prototype without initializing it, its value will be null.3.4 Slots3.4.1 Shared slotsIf the slot is preeded by the - harater, its value is shared between all the lones of the prototype(global slot).OverviewSetion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo:integer := 5;Setion Header+ name := example;- ategory := appliation;Setion Publi- slot1:integer := 3;- slot2:foo := foo; 58



3.4. Slots
-slot1P 3
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-slot1 P
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-slot_fooP
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5The di�erene between slot1 and slot2 is that integer is Expanded. We will see this insetion 3.4.3 page 64.Note that the 2 objets shared the same pointer on the foo objet. So if you hange thepointer, it hanges for all the lones.Non expanded objets have their default value set to null.Setion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo:integer := 5;Setion Header+ name := example;- ategory := appliation;Setion Publi- slot1:integer;- slot2:foo;
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EXAMPLE.cloneAssignmentSetion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo:integer := 5;Setion Header+ name := example;- ategory := appliation;Setion Publi- slot1:integer;- slot2:foo;- in_slot1 <- ( slot1 := slot1 + 1; );59



Chapter 3. Language Referene- set_slot2 f:foo <- ( slot2 := f; );Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + obj_example1,obj_example2:example;+ obj_foo1,obj_foo2:foo;obj_example1 := example.lone;obj_example2 := example.lone;
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5obj_foo2 := foo.lone;obj_example2.set_slot2 obj_foo2; 60



3.4. Slots
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You an assign an objet only with an objet of the same type of its desendants.Setion Header+ name := father;- ategory := appliation;Setion Header+ name := son;- ategory := appliation;Setion Inherit- parent:father := father;Setion Header+ name := objet_other;- ategory := appliation;Setion Header+ name := test;- ategory := appliation;Setion Private- slot:father;Setion Publi- main :=( + s:son;+ o:objet_other;o := objet_other.lone;slot := o; // Error: not the same types := son.lone;slot := s; // Ok: desendant of father); For Expanded types, you must math exatly the same type (see 3.4.3 page 64).61



Chapter 3. Language Referene3.4.2 Non shared slotsIf the slot is preeded by the + harater, its value is not shared between all the lones of theprototype.OverviewSetion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo:integer := 5;Setion Header+ name := example;- ategory := appliation;Setion Publi+ slot1:integer := 3;+ slot2:foo := foo;
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5
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+slot_foo2 3The di�erene between slot1 and slot2 is that integer is Expanded. We will see this insetion 3.4.3 page 64.You an think that the 2 objets shared the same objet foo. It's false. They haveeah other their own pointer on the same objet, whih is very di�erent. The pointers refers tothe same objet foo beause of its initialization. Examples ome to illustrate this.Non expanded objets have their default value set to null.Setion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo1:integer := 5;+ slot_foo2:integer := 3;Setion Header+ name := example; 62



3.4. Slots- ategory := appliation;Setion Publi+ slot1:integer;+ slot2:foo;
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0AssignmentSetion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo1:integer := 5;+ slot_foo2:integer := 3;Setion Header+ name := example;- ategory := appliation;Setion Publi+ slot1:integer;+ slot2:foo;- in_slot1 <- ( slot1 := slot1 + 1; );- set_slot2 f:foo <- (slot2 := f; );Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + obj_example1,obj_example2:example;+ obj_foo1,obj_foo2:foo;obj_example1 := example.lone;obj_example2 := example.lone;
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obj_example1.in_slot1; 63
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obj_foo1 := foo.lone;obj_example1.set_slot2 obj_foo1;
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+slot_foo2 3obj_foo2 := foo.lone;obj_example2.set_slot2 obj_foo2;
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3.4.3 Expanded slotsIf the slots use the keyword Expanded, its value is loned and embedded (in memory) in theprototype. The keyword an be used either with + or -.OverviewLet's �rst see with Sharable slots.Setion Header+ name := foo; 26



3.4. Slots- ategory := appliation;Setion Publi- slot_foo1:integer := 5;+ slot_foo2:integer := 4;Setion Header+ name := example;- ategory := appliation;Setion Publi- slot1:Expanded integer := 3;- slot2:Expanded foo;
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5If the objet is already expanded, the use of the keyword Expanded for the slot don'thange anything. It's why for slot1 there is no di�erene with the non Expanded and Sharableslot (3.4.1) (integer is already expanded). Note that you don't have to initialise a slot with anExpanded objet, it is already loned and have their default value. This is a major di�erenewith non Expanded slots.It's the same thing to de�ne an expanded objet and assign it with a slot as de�ning a nonexpanded objet and assign it with an expanded slot.Setion Header+ name := Expanded foo;- ategory := appliation;Setion Publi- slot_foo1:integer := 5;+ slot_foo2:integer := 4;Setion Header+ name := example;- ategory := appliation;Setion Publi- slot1:integer := 3;- slot2:foo;
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565



Chapter 3. Language RefereneLet's now see with Non Sharable slots.Setion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo1:integer := 5;+ slot_foo2:integer := 4;Setion Header+ name := example;- ategory := appliation;Setion Publi+ slot1:integer := 3;+ slot2:Expanded foo;
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3

4The objet foo is diretly embedded in the example objet.AssignmentYou an assign Expanded objets only with objets of exatly the same type (not desen-dants, whih defers from non Expanded objets). See also 3.7.1 page 75.Setion Header+ name := father;- ategory := appliation;Setion Header+ name := son;- ategory := appliation;Setion Inherit- parent:father := father;Setion Header+ name := test;- ategory := appliation;Setion Private+ slot:Expanded father; // slot value is not Null by default (lone of father)Setion Publi 66



3.4. Slots- main :=( + f:father;+ f_exp:Expanded father;+ s:son;+ s_exp:Expanded son;slot := f_exp; // Ok, the 2 types are exatly the samef := father.lone; // f value is null by defaultslot := f; // f is opied into slotslot := s_exp; // Error: not of the same type// (even it inherits from father)s := son.lone;slot := s; // Error: s is not of the same typeslot := father.lone; // father.lone is opied into slot);To explain all this restritions, remember that an Expanded objet is embedded in another. Soyou an replae it only by an objet of the same size (in terms of memory).Let see an example of assignment. It's very important to notie that if you have a slot withan Expanded parameter, this parameter is passed by opy.Setion Header+ name := foo;- ategory := appliation;Setion Publi- slot_foo1:integer := 5;- in_foo1 <- ( slot_foo1 := slot_foo1 + 1; );+ slot_foo2:integer := 4;- in_foo2 <- ( slot_foo2 := slot_foo2 + 1; );Setion Header+ name := example;- ategory := appliation;Setion Publi+ slot1:Expanded foo;- slot2:Expanded foo;- set_slot1 f:Expanded foo <- ( slot1 := f; ); // argument must be Expanded- set_slot2 f:Expanded foo <- ( slot2 := f; );Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + obj_example1,obj_example2:example;+ obj_foo1,obj_foo2:Expanded foo;obj_example1 := example.lone; 67



Chapter 3. Language Refereneobj_example2 := example.lone;
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obj_foo2.in_foo1;obj_foo2.in_foo2;obj_example2.set_slot2 obj_foo2; 68



3.4. Slots
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The objet who will be use with the Expanded keyword must be de�ned lonable (useof + in the name of the prototype). 69



Chapter 3. Language Referene3.5 Slot desriptorsAn objet may hold any number of slots whih must be in the setion odes (see 3.2.6 page 50).Slots an ontain data (values and referenes) or methods (ode).3.5.1 Keyword slotsCode slot may have arguments, whih are separated by lowerase keywords. Numbers andthe undersore are authorized for name of the slot and keywords (but the sequene '__' isprohibited).Here are the various way to identify a slot in Lisaa :1. Argumentless slot de�nition without return value:- init <- /* ... */2. Argumentless slot de�nition with return value:- get_olor:integer <- /* ... */This slot returns an integer value.3. De�nition of a slot with argument and no return value:- make ount:integer <- /* ... */This slot takes an integer argument.4. De�nition of slot with argument and return value :- qsort tab:array[harater℄ :boolean <- /* ... */5. De�nition of slot with argument list and keywords without return value:- qsort tab:array[harater℄ from low:integer to high:integer <-/* ... */This slot has three arguments and no return value. Note how the keywords help understandwhat the slot does.6. De�nition of slot with argument, keywords and return value :- sort t:array[harater℄ from low:integer to high:integer :boolean <-/* ... */ 70



3.5. Slot desriptorsIt's important to notie that after keywords you have only one argument. But anargument an be a vetor argument, or list, as de�ned in 3.8 page 3.8.- put_pixel (x,y:integer) <- /* ... */- draw_line (x,y:integer) to (x1,y1:integer) olor (r,g,b:integer) <- /* ... */Arguments are read only ! you an't modify an argument in a method, even if it is alist.A message (or method) is identi�ed by taking into aount the message name as well as itskeywords (if any). The names and positions of the keywords thus are very important.- slot arg1:integer from arg2:integer <- /* ... */- slot arg1:integer from arg2:integer to arg3:integer <- /* ... */The 2 slots de�ned in the previous example are onsidered di�erent.Overloading is not allowed. Therefore, two messages an't di�er only by the type oftheir arguments or the type of return. You an't also have 2 slots who di�ers only with theexistene of a return value.- slot arg1:integer from arg2:integer <- /* ... */- slot arg1:boolean from arg2:integer <- /* ... */ // Forbidden !- slot arg1:integer from arg2:integer :integer <- /* ... */ // Forbidden !3.5.2 Binary messagesIn Lisaa , everything is objet and even the simplest operation is done using messages. Forexample, the binary operation ' 2 + 3 ' is a all of the message ' + ' on the objet ' 2 ' using ' 3' as argument.You an de�ne binary operators in Lisaa as de�ned in the following. It is also possibleto hose the assoiativity and the priority of operators, like for example in the ELAN language[PBy00℄.To delare the assoiativity of an operator, the keywords left or right may be used.Priorities are spei�ed by a positive integer value. Priorities start at 1 (lowest priority) andhave no upper limit3The default assoiativity is left, and the default priority is 1.Here is for example the ode for the ** (power) binary operator, that is left-assoiative andhas prioriy 150.- '**' right 150 exp:integer :integer <-( + result:integer;(exp == 0).if {result := 1;} else {((exp & 1) == 0).if {result := ((Self * Self) ** (exp / 2));3Exept the maximum allowed for 32 bits integers, of ourse.71



Chapter 3. Language Referene} else {result := (Self * (Self ** (exp-1)));};};result);You an use it with:a := 2 ** 3;Here is the possible ode for an | binary operator that would be left-assoiative and havepriority 40 in integer:- | left 40 other:integer :integer <- !((!Self) & (!other));You an use it with:a := b | ;- '+' left 80 other:self :self <- (Self - -other);- '*' left 90 other:self :self <- /* ... */In the expressiona := 2 + 3 * 4;the �rst operation done is 3 * 4 then the addition.
80

90

3 4

2

+

*Note that you will �nd a list of the binary operator more used in the glossary (see 5.1 page 109).Operators ' = ' and ' != ' are reserved for referene omparisons. They have a rightassoiativity and and a priority of 50.3.5.3 Unary messagesThe only unary operators allowed are pre�xed ones (put at the left of the the reeiver).A anonial example is the unary minus, whose ode in integer is:- '-':integer <- zero - Self;You an use it with:a := - 3; 72



3.5. Slot desriptorsAnother ommon unary pre�x operator in Lisaa is the question-mark '?'. It is used toallow a rudimentary ontrat-programming mehanism, very muh like the assert mehanismof C or Java, but in a muh less powerful way than the require/ensure Ei�el mehanism. Seealso 3.11.1 page 89. Here is the ode for the ? unary pre�x operator de�ne in blok objet:- '?' <-(((_debug_level > O) && {! value }).if {hek_rash;};);Note that _debug_level is a prede�ned �ag set by the ompiler aording to the parametershosen by the developper at ompile time. You an use it with:? {a = 3}; // You will see later that between {} you define a blok objet.Here is an illustration of the use of ? to implement a kind of routine pre- and post-onditions:- gd other:integer :integer <-// Great Common Divisor of `self' and `other'( + result:integer;? {Self >=0}; // a preondition? {other>=0}; // a seond one(other == 0).if {result := Self;} else {result := other.gd (Self % other);};? {result == other.gd Self}; // a postonditionresult);- fatorial:integer <-( + result:integer;? {Self>=0};// fatorial(self == 0).if {result := 1;} else {result := (Self * (self - 1).fatorial;};result);Note that one the objet ode has been tested and debugged, the developper an swith o�these assertions in the �nal delivery version by using a simple ompile-time option.73



Chapter 3. Language Referene3.6 Message send, late bindingThe syntax of message alls in Lisaa strongly looks like message alls in Self.Message kind # of Arguments Preedene Assoiativitykeyword >=0 highest left-to-rightunary 0 medium rightbinary 1 lowest left or right** Default assoiativity for binary messages is left, but it an be hanged, beause assoiativityis de�ned at the time of the slot delaration (see setion 3.5.2 page 71).The priority de�ned by a integer for the binary expressions apply only between thebinary operators.Arguments may be separated by ommas or may use keywords as well (the method name issplitted into words to separate arguments), as seen in setion 3.5.1 page 70.3.7 AssignmentThe delaration of a slot de�nes its evaluation mode: immediate or delayed. The slots withimmediate evaluation will be evaluated in the order of their delarations (order of the lookup,see 3.2.2.0). They are evalueted at the load time of the objet in memory. The starting point ofa program will thus naturally be de�ned by a slot of this type.� De�nition with ':=' : immediate evaluation The slot is evaluated immediately, that isautomatially, when the prototype is loaded :- max_harater:integer := (2 ** 8) - 1;The main slot ontaining the program is delared this way and is thus evaluated as theinitial root prototype is loaded :- main :=( io.put_string "Hello world !"; );� De�nition with '?=' : immediate evaluation The slot is evaluated immediately, that isautomatially, when the prototype is loaded :- to_value_if_possible:value ?= Self;If the result is bad type then the result is null. See more in the setion 3.7.3 page 76.� De�nition with '<-' : delayed evaluation Slots delared this way are evaluated only whenexpliitly requested by a message send: 74



3.7. Assignment- display <-( io.put_string "Hello world !"; );A normal slot method is delared this way. In order to trigger the evaluation of display,it has to be alled, like in the following program:- main :=( display; ); // expliit all3.7.1 Typing rulesAssignment follows strit rules in order to respet typing. Examine all the possible ases of theassignment A := B.B type self Expanded Separate Expanded SeparateA type type self selftype B.sub A B.sub A false false false falseself A == B A = B false false false falseExpanded A == B A == B A = B false A == B falsetype (Copy B) (Copy B) (Copy B) (Copy B)Separate false false false B.sub A false B.sub AtypeExpanded A == B A == B A == B false A = B falseself (Copy B) (Copy B) (Copy B) (Copy B)Separate false false false A == B false A = BselfNotes: 'B.sub A' means that B has the same type as A or of its desendants (B is sub type ofA). 'A = B' means that A and B have the same referene (pointer). 'A == B' meansthat A and B have the same struture (deep equal).3.7.2 Impliit-reeiver messagesKeyword messages are frequently written without an expliit reeiver. Suh messages use theurrent living objet (named Self) as the implied reeiver. When you all a slot inside an objet,it impliitly all the slot of the self objet. The keyword Self an be used to expliitly all theself objet.Setion Header+ name := example;- ategory := appliation;Setion Publi+ slot_data:integer := 3; 75



Chapter 3. Language Referene- main <-( Self.slot_data.print; // produe exatly the same ode as slot_data.print;); Note that the self is di�erent between all the objets, even if they have the same type.Unary and binary messages do not aept the impliit reeiver, they require an expliitone.3.7.3 A partiular assignment: ?=We see that we an assign an objet slot with an objet of the same type or of its desendants.
FRUIT

APPLE ORANGE+ f:fruit;+ a:apple;a := apple;f := a;But you an't assign an objet with one of its parents.+ f:fruit;+ a:apple;f := fruit;a := f; // Error: stati type fruit is invalid with stati type appleYou an use the assignment de�ned with ?= to assign an objet with an other objet of thesame dynami type. During ompilation, the stati type an be di�erent but it don't stop witherror.+ f:fruit;+ a:apple;(test).if { f := apple; }else { f := orange; };a ?= f;During the ompilation, the dynami type of f is not known at the time of assignment but thereis no typing error beause stati type of f is fruit, of whih inherits apple, stati type of a.The results depends of the dynami type of f. If the dynami type of f is exatly the sameas a, the assignment is done as a standard assignment. If the dynami types are di�erent, thereeiver a is assigned with null. 76



3.8. Statement lists3.7.4 Binary message sendHere is a series of examples to illustrate the above preedene rules:Soure ode is interpreted as2 + "25".to_integer + 5 ( ( 2 + ( "25".to_integer ) ) + 5 )objet.set_value 2+2 ( ( objet.set_value 2 ) + 2 )2+2 .to_string ( 2 + ( 2.to_string ) )3.7.5 Unary message sendSoure ode is interpreted asobjet.set_value -2 ( ( objet.set_value ) - ( 2 ) )-2.to_string ( - ( 2.to_string ) )- + - 2 ( - ( + ( - 2 ) ) )Other example:? {array != null};3.8 Statement listsA statement list, or simply �list�, is a sequene of one or several statements, ontained betweenparentheses '(' ... ')'. Statements are both onsidered as instrutions (doing something) andexpressions (having a value), at the same time. Conseutive statements are separated by asemiolon ';'. If you want a return value, the result must be the last expression, without endingby ';'. You an return multiple values, as a vetor of values (values separated with a omma ',',respeting the order).Without return value With one return value With N return value( loal; ( loal; ( loal;expr1; expr1; expr1;expr2; expr2; expr2;expr3; expr3; result,expr4; result result2) ) )A list is immediately evaluated when reahed by the exeution �ow. Thus, a routine whoseargument is the (single-statement) list '(3 + 2)' reeives as argument the result of the evaluation,5, not the list itself4.- make ount:integer <- /* ... *//* ... */make (3 + 2);make 5;/* ... */You an also have ode and return value for arguments:4This is the ontrary for statement bloks, see setion 3.9 page 83.77



Chapter 3. Language Referenemake ("Here is the all with a list !".print; 3 + 2);/* ... */Consequently, there is absolutely no di�erene between a one-statement list in Lisaa andan expression as lassially de�ned in most programming languages.3.8.1 Return values of listsThe type and return value of a list are determined by the last expression (statement) of the list,after the last semiolon ';' and right before the losing parenthesis ')'.For example, the following list returns an integer value:( a := foo;5.fatorial // integer value returned)Note that there is no semiolon after the all to fatorial.This list also quite intuitively returns an integer:(2 * (5 + 3)) // two nested lists, both returning integerThis list an returns more omplex objets, suh as boolean:( a | (b & )) // two nested lists, both returning booleanor whihever objet:( "Here we reate a lone of example objet".print;example.lone)As said before, you an return multiple values by separating results with ommas ','.( 3, 5 ) // two integer value returnsReturn values don't need to have the same type.( (a | ( b &  )),8) // two return values, a boolean and an integerLists ould have ode and multiple return values:( "Multiple return values".print;example.lone,(a | (b & )),6) 78



3.8. Statement listsYou an put ode between results, but you an't mix result and not results as explainedin the following example:( "Hello".print;3,"Ok".print; // Error: there is a result before, you must end with a result);( "Hello".print;3,"Ok".print;0 // Ok);A list may also have no return value at all:( a := foo;5.fatorial; // void return)In this example, there was a semiolon after the all to fatorial. Intuitively, sine there isnothing between the last semiolon et the losing parenthesis (or an �empty statement� only),nothing is returned from the list after it has been evaluated.3.8.2 Use of listsExpressionsIt's the lassial use of a list whih one an �nd in other languages.( 2 + 4 ) * 7 // list with a single return valueMethodsFrom the beginning of this manual, we de�ne methods using lists.- slot <-( "Hello !".print; // List with no return value);Funtions with one resultWe see that the result must be the last expression before the end of the list, without using thesemiolon. The de�nition of the return type is done after :.79



Chapter 3. Language Referene- zero:integer <-( "Call zero funtion !".print;0);Funtions with multiple resultsThe results are separated by a omma, at the end of the list. The de�nition of the return typesis done after :, separated by ommas.- oord:(integer,integer) <-( "Call oord funtion !".print;x,y);You an also return di�erent types.- slot:integer,boolean <-( "Call slot funtion !".print;ount,(ount > 0));ArgumentsSlots aept only one argument as de�ned in 3.5. But an argument an be a vetor.- put_pixel (oord_x,oord_y:integer) <-( x := oord_x;y := oord_y;);- put_pixel (oord_x,oord_y:integer) olor (r,g,b:integer) <-( x := oord_x;y := oord_y;red := r;green := g;blue := b;);Arguments in a list don't have to be of the same type, as we an imagine reading the previousexamples. It's simply more readable to put keywords to separate arguments of di�erent types.- slot (value:integer,ondition:boolean,text:string) <- /* ... */80



3.8. Statement listsCall of slotsIf a slot is de�ned with a list-argument, you must use a list to all this slot.- put_pixel (oord_x,oord_y:integer) <-( x := oord_x;y := oord_y;);You all this slot with:put_pixel (x,y);You an also all it using a funtion returning a list:- oord:integer,integer <-( x,y);The all of the slot an be:put_pixel oord;You an't transform a all with keywords in a all with list.- slot value:integer from low:integer to high <- /* ... */Call slot ( 3 , 4 , 5 ); is forbidden, it represents a slot de�ned with- slot (value,low,high:integer) <- /* ... */AssignmentYou an assign a list only with a list.( a , b ) := ( 3 , 7 );( x , y ) := oord;You an also rede�ne a funtion (a liste assigned with delayed evaluation '<-')- msg_error msg:string <-( "Error : ".print;msg.print;);- debug_mode <-( msg_error msg <- // you don't have to preise the type of the argument81



Chapter 3. Language Referene("Error : ".print;msg.print;display_stak;););The rede�nition of a funtion must respet the same pro�le for arguments.Speial ase: reeiver of message is a listYou an de�ne a list as a reeiver for a message.- (b:boolean) slot a:integer to :integer <- /* ... */The all is done on the double result list:(self,true).slot 1 to 2;The reeiver of the message is the �rst element of the vetor.3.8.3 Loal variables in statement listsA list has its own environment and soping. It is possible to delare variables that are loal tothe list and thus aessible from any statement inside the list but not from outside.( + j,k:integer;+ array:array[string℄;/* ... */)Loals in lists have to be delared at the beginning or the list, before the �rst statement.Therefore, the following delaration is inorret in Lisaa :( + j,k:integer; // delaration, OKsome_method_all; // statement, OK+ array:array[string℄; // INVALID delaration !!/* ... */)Loal variables delared with '-' preserves their values with eah all (variable persistent), asfor the keyword 'stati' for loals in C.( + j,k:integer; // delaration, OK- ounter_all:integer;/* ... */ounter_all := ounter_all + 1;) 82



3.9. Statement bloks3.9 Statement bloksStatement bloks, or simply �bloks�, have a number of similarities with lists (see setion 3.8page 77).A blok is a sequene of one or several semiolon-separated statements (instrutions), on-tained between braes '{' ... '}'. A blok is an instane of prototype blok.Bloks are Lisaa losures like a list. Their evaluation is arried out in their de�nitionenvironment. Contrary to lists, bloks are evaluated only when expliitly sent a value message.When a blok reeives an aeptable value message, its statements are exeuted in the ontextof the urrent ativation of the method in whih the blok is delared. This allows the statementsin the blok to aess variables that are loal to the blok's enlosing method and any enlosingbloks in that method. This set of variables omprises the lexial sope of the blok. It alsomeans that within the blok, Self refers to the reeiver of the message that ativated the method,not to the blok objet itself.A blok an take an arbitrary number of arguments and an have its own loal variables, aswell as having aess to the loal variables of its enlosing method.On of the ommon uses of bloks in Lisaa is to implement library-de�ned ontrol strutures(see setion 3.9.2.0 page 85).Here, an example of a urrent use of a blok.(list = null).if {"List is empty !".print;};The blok ('if' �rst's argument) is evaluated only if onditional is true.As for lists, you an have no return value or one or multiple return.Without return value With one return value With N return value{ loal; { loal; { loal;expr1; expr1; expr1;expr2; expr2; expr2;expr3; expr3; result,expr4; result result2} } }A blok is equivalent with a list when you all the value message on it.( loal;expr1;expr2;expr3;expr4;)is equivalent with{ loal;expr1;expr2; 83



Chapter 3. Language Refereneexpr3;expr4;}.value3.9.1 Return values of bloksThe value returned by a blok is determined exatly like that of a list (see setion 3.8.1 page 78).The following examples thus are quite straight forward.The following blok returns an integer value:{ a := foo;5.fatorial // integer value returned}There is no semiolon after the all to fatorial.The right-hand-side of the || operator is a single-statement blok that returns a boolean:test := (j < upper) || {result != null};A blok may also have no return value at all:{ a := foo;5.fatorial; // void return}There was a semiolon after the all to fatorial. Sine there is nothing between the lastsemiolon et the losing urly braket (or an �empty statement� only), nothing is returned fromthe blok after it has been evaluated.3.9.2 Use of bloksWhen using a blok as an argument, it's not the result of the blok that is passed (as for lists)but the blok itself. This property has an inidene on the way you delare the slots.- slot b:blok <- /* ... */The all must be with a slot objet:slot {/* ... */};You must ensure that what is de�ned in the blok is independent from the ontext.Let's see an example.- my_blok:blok;- slot <-( + a:integer;my_blok := { a }; // Forbidden !); 84



3.9. Statement bloksWhen the evaluation of the return blok (with the message value), the loal variable 'a' don'texist ! the result an't be evaluated.An example of orret use:- slot <-( + a:blok;a := { "World!".print; };"Hello ".print;a.value;);Bloks are used in library to de�ne onditionnals, loops and iterations. You will �nd more in thesetion Library (see 4).Expressions(a != NULL) && { b = 3}In the de�nition of the binary slot && you �nd the evaluation of the blok. In the falseprototype:- '&&' left 20 other:blok :boolean <- false;In the true prototype:- '&&' left 20 other:blok :boolean <- other.value;Conditionals(a>b).if {"Yes!".print;} else {"No!".print;};In the de�nition of the slot if ... else you �nd the evaluation of the blok. In the falseprototype:- if true_blok:blok else false_blok:blok <-( false_blok.value;);In the true prototype:- if true_blok:blok else false_blok:blok <-( true_blok.value;);LoopsDo While{ j := j + 1; j.print;}.do_while {j<10};85



Chapter 3. Language RefereneThe slot do_while is de�ned diretly in the blok objet:- do_while test:blok <-( value; // all of value on blok selftest.value.if {do_while test; // Defined reursively};);Iterator1.to 10 do {"Hello!".print;};The slot to ... do is de�ned in the numeri objet:- to limit_up:self do bl:blok <-( (self<=limit_up).if {bl.value self;(self + 1).to limit_up do bl;};);3.9.3 Argument and loal variables in statement bloksLoals in bloks are delared like loals in lists (see setion 3.8.3 page 82):my_blok := { + j,k:integer; // Loals list.+ array:array[string℄;/* ... */};/* ... */my_blok.value;You an also all a slot with an argument. It's de�ned as loal variables, but without signbefore.my_blok := { arg:integer; // Argument+ i,j:integer; // Loals list./* ... */};/* ... */my_blok.value 3;An argument an also be a vetor of arguments.86



3.10. Auto-astmy_blok := { (arg1:integer, arg2:string); // Argument list.+ j,k:integer;/* ... */};/* ... */my_blok.value (3,"Ok !");The same restritions as for loals in lists also apply: loal have to be delared before anystatement and after possible the arguments.3.10 Auto-astSometimes you want to transform an objet in another objet, espeially for the numbers. Thisan be done with the "Auto-ast" faility. In the header setion, in the slot name, you ande�ne the prototypes in whih the objet an be "auto-asted" with the '->' symbol.Setion Header+ name := proto1 -> proto2,proto3;- ategory := appliation;Setion Publi- to_proto2:proto2 <- ( /*...*/ )- to_proto3:proto3 <- ( /*...*/ )In the publi setion, you must de�ne funtions alled to_name_of_type (here to_proto2and to_proto3) whih are automatially alled when there is an autoast. These funtion mustreturn the orresponding type.Setion Header+ name := test;- ategory := appliation;Setion Publi- main :=( + a:proto1;+ b:proto2;/* ... */b := a; // similar to: b := a.to_proto2;/* ... */); Auto-ast is not transitive: if A an be auto-asted into B, and B into C, A an't beauto-asted in C. You must expliitly preise the auto-ast of A into C if you need this.Auto-ast is not inherited.3.11 Tools for programming by ontratCompiler furnishes 2 native funtions : 87



Chapter 3. Language Referene- debug_level:numeri // Flag indiating the level of debug mode- print_runtime_stak // Print the stak (only if debug mode is on)Example: output with print_runtime_stak============== bottom ==============Line #00015 Column #00011 in ESSAI.Line #00154 Column #00010 in STRING.Line #00233 Column #00008 in NUMERIC.Line #00089 Column #00017 in BLOCK.Line #00056 Column #00023 in OBJECT.================ top ===============One example of use of this 2 funtions is assertions. Assertions are ode onditions who areveri�ed during exeution when the objet is ompiled with the debug option. There is 2 typesof assertions: �rst is a unary message of blok.- '?' <-(((debug_level > O) && {! value }).if {hek_rash;};);The blok ondition must return one boolean value. In objet prototype the hek_rashode is de�ned:- hek_rash <-( print_runtime_stak;die_with_ode exit_failure_ode;);- exit_failure_ode:integer := 1;- die_with_ode ode:integer <- system.exit ode;The exit slot of system depends of the arhiteture on whih you run the program.For example, for unix, the slot exit is de�ned as following:- exit ode:integer <- `exit(�ode)`; // External, see 3.12.2The assertions an be put wherever you want in the ode./* . . . ode . . . */? { "We verified your ode".print;j > 0};/* . . . ode . . . */The seond type of assertion is a binary message of numeri: This type of assertion dependsof the level of debug set while ompiling. 88



3.11. Tools for programming by ontrat- '?' b:blok <-(((debug_level > Self) && {! b.value }).if {hek_rash;};);This kind of assertion an be put anywhere in the ode:/* . . . ode . . . */5 ? {"Debug test level 5".print;j > 0};3 ? {"Debug test level 3".print;j < 10};1 ? {"Debug test level 1".print;i > 0};/* . . . ode . . . */If you ompile using the level 4 for debug, only the 2 last assertions will be veri�ed. Using thiskind of assertions let you assign priorities into veri�ations.The stak is written from bottom to top, it indiates the way the program follow duringexeution. You an then easily �nd where the ondition is false.3.11.1 Requires and EnsuresTo seurise programming, you an put ode requires, ensure and invariant in ode: onditionswho have to be veri�ed eah time you all a message. Before the all, the onditions are alledRequire, and after the all Ensure.
/* ... */

a.slot

/* ... */

Require

code of slot

EnsureRequire and Ensure are de�ned between [ and ℄. The Require is written between the slot headerand the ode.- slot <- 89



Chapter 3. Language Referene[ // Require℄( // Code)[ // Ensure℄;In Require or Ensure setion you an hen write your ode as for any other method. Youan de�ne loal variables, but their visibility is limited in the Require or in the Ensure (a loalvariable de�ned in the Require is not visible in the ode or in the Ensure). Loal variables de�nedin the ode are also only limited to the ode setion.- slot <-[ + a:integer;a := 3;? {ount > a};℄( + b:integer;b := a; // Error: 'a' is not defined in the Code setionb := b * 3;)[ ? {ount > a}; // Error: 'a' is not defined in the Ensure setion? {ount < b}; // Error: 'b' is not defined in the Ensure setion℄;In the Require and Ensure setion, you an de�ne as many assertions as you want.3.11.2 InvariantYou an de�ne at the end of ode invariant onditions, who must be veri�ed eah time you alla message on an objet. The invariant is de�ned between [ and ℄.Setion Header- name := /* ... *//* ... */Setion Publi/* ... */[ ? {lower <= upper + 1};℄;The invariant is veri�ed eah time you all a message with the expliit reeiver, before andafter the all. 90



3.11. Tools for programming by ontrat
/* ... */

a.slot

/* ... */ Require

code of slot

Ensure

Invariant

Invariant

OUTSIDE a

If the all is done inside the living objet, the invariant is not veri�ed.
/* ... */

slot

/* ... */

Require

code of slot

Ensure

INSIDE a

If inside the living objet, you expliitly all the Self objet, the invariant will be veri�ed.
/* ... */

Self.slot

/* ... */ Require

code of slot

Ensure

Invariant

Invariant

INSIDE a

3.11.3 Result and OldYou an use the keywords Old and Result_x to add more veri�ations. The keyword Old anbe used in Ensures and Invariant, and is written before a funtion to indiate the value of thisslot before the all of the urrent slot.- slot <-( ount := ount + 1;)[ ? {ount = Old ount + 1};℄; 91



Chapter 3. Language RefereneYou an use Old only with slots with no arguments.The keyword Result_x represents the result of the funtion and an be used only in Ensures.If there is only one result, use simply the keyword Result.- slot:integer <-( + a:integer;a := ount;(a > 0).if {a := a + 1;} else {a := 1;};a)[ ? { Result >= 1 };℄;- slot2:integer,integer <-( ount + 1,ount - 1)[ ? { Result_1 >= 1 };? { Result_2 > 0 };℄;3.11.4 InheritaneObjets inherit invariants from their parents, following the lookup algorithm.
FATHER

Invariant A

SON

equivalent to

FATHER

Invariant A

SON

Invariant AIf an invariant is de�ned in an objet, it replae those of its stati parent.
FATHER

Invariant A

SON

Invariant B92



3.12. ExternalsAn objet an also inherit invariant from its parent and add its own invariant. This is done byusing dots (...). The invariant of the parent is inserted where the dots are written.[ ...? {ount > 0};℄;
FATHER

Invariant A

SON

equivalent to

FATHER

Invariant A

SON

...
Invariant B

Invariant A
Invariant BIt's the same pattern for Require and Ensures. If an objet has a slot with no Require or/andEnsure, this slot inherits of the Require / Ensure of the slot of the parent of the objet (if any).The Require / Ensure de�ned in a slot replae those of the parent of the objet, and the dotsare the way to insert in an existing Require / Ensure the onditions of the parent.3.12 ExternalsTo inlude C ode in Lisaa language, there is two way, the slot external in the SetionHeader or diretly in the Lisaa ode as following. The C ode is de�ned between `.3.12.1 Slot externalAll the C ode de�ned in the slot external is diretly inluded in the ode. You an de�neinludes, funtions, maros, . . .Setion Header- name := example;- ategory := appliation;- external := `#inlude <stdio.h>// Hardware 'print_har'int print_har(har ar){ fput(ar,stdout);}`;This C ode is NOT veri�ed by the Lisaa ompiler.3.12.2 C ode in LisaaAnywhere in the ode (in the de�nition of a slot, even in Require / Ensure or Invariant) you aninsert C ode. 93



Chapter 3. Language Referene- slot <-( + a:integer;a := ount;`fput('Y',stdout)`;);You an use Lisaa loal variable or argument with '�' before the variable.- slot <-( + a:harater;`fput(�a,stdout)`;); Global variable (slots) are not permitted in the external, if you have to work with it, usea loal variable.- data:harater := 'Y';- slot <-( `fput(�data,stdout)`; // Forbidden !); Variable used in external are read-only.- slot <-( + a:integer;`�a ++`; // Forbidden !);You an assign a variable with the result of an external, but you have to preise the return typeafter :.- slot <-( + a:integer;a := `�a + 1`:integer;);You an also preise the dynami type of the return, if any, as a list of types between parenthesis.- slot <-( + a,b:integer;+ :boolean;a := ount;b := size; := `�a == �b`:boolean(true,false);); The ompiler optimize the ode by deleting variables that are not used and the ode ofthe external if the result is not used (dead ode). It an be hazardous if you don't use the returnvalue of a C funtion but if you really need the funtion to be exeuted.94



3.12. Externals- slot <-( + a:harater;a := `gethar()`:harater;);If you don't use 'a', the variable and the assignment will be simply deleted ! You an fore anexternal to be persistent by using parenthesis around the result type.- slot <-( + a:harater;a := `gethar()`:(harater); // persistent external);In this ase, the result is preised as optionally used and the ompiler will not optimize the odeand don't delete the external, even if the result is not used.3.12.3 Lisaa ode in CAs explained in 3.2.5, the Setion External is reserved to de�ne slots whih keep their Lisaaname in the generated C ode. You an then link the produed C ode with other programskeeping the name of the funtions.For example, a slot de�ned as:Setion Publi- slot v:integer :integer <- /* ... */ould be ompiled and produe a C funtionstati int slot__H8(unsigned long v__GGC) // ode is an internal oding of the ompilerIf you de�ne the slot in a Setion External you keep the name:Setion External- slot v:integer :integer <- /* ... */This ode will be ompiled in:int slot (unsigned long v_UCC) // It keeps the name of the funtionYou an't de�ne funtion with keywords. If an external funtion must have multiple argumentsuse a list:Setion External- slot (a,b:integer,:harater) :integer <- /* ... */Whih will be ompiled in:int slot (a__EDC,b__UFC:integer,__CCD:harater)Note that in this ase, the funtion is not stati, and an be aessed by other programs (notinlined). 95



Chapter 3. Language Referene3.12.4 Lisaa externalExternals omposed with a simple integer are Lisaa externals (ompiler native funtions).Example:'2';These externals are used for example to de�ne basis operations.- '>' right 60 other:self :boolean <- `1`;- '-' left 80 other:self :self <- `2`;/* ... */

96



Chapter 0100bThe Lisaa LibraryIn this hapter you will �nd the desription of some prototypes and funtions, some of them areat the ore of the library, other are the most ommonly used.4.1 OBJECTobjet is the base prototype who ontains all the ore funtions needed to program e�iently.All the prototypes of the library inherits, diretly or not, of this prototype. When de�ning yourown prototypes, don't forget to inherit of objet if you want to use its funtions.The most ommonly slots are://// Compiler onsideration.//- objet_size:integer // size of the urrent prototype (in bytes)- is_debug_mode:boolean // indiates if the objet was ompiled using// the debug option//// Control Error.//- is_lonable:boolean // indiates if objet is lonable (name defined with '+')- print_runtime_stak // print stak as defined in 3.11- die_with_ode ode:integer // Terminate exeution with exit status ode- rash_with_message msg:abstrat_string // Terminate exeution writing msg//// Common Funtion.//- '==' right 60 other:self :boolean // true if objets are equal// (to redefine in eah objet)- '!==' right 60 other:self :boolean- lone:self // lone of the objet- to_pointer:pointer // return a pointer on this objet97



Chapter 4. The Lisaa Library4.2 NUMERICAll the numbers inherits of the numeri prototype. There are failities of onversion betweenthe types, as you an see on the following �gure.
UNSIGNED

NUMERIC

SIGNED

INTEGERUINTEGER

SHORTINTUSHORTINT

SMALLINTUSMALLINT

LARGEINTULARGEINT

LONGINTULONGINT

8 bits

16 bits

32 bits

64 bits

n bits

Inheritance.

Auto cast without range control.

Auto cast with range control.

Not all the types and conversions are drawned here for
simplification needs.For example, a usmallint an be onverted to a shortint without range ontrol, usingauto-ast.+ a:shortint;+ b:usmallint;/* ... */a := b;When you expliit a value, this value is numeri. The onversion is done by the assignment.+ a:integer;/* ... */a := 3; // 3 is numeri, auto-asted to integer, with range ontrol.numeri and all its sons are expanded types, already living.The slots most ommonly used are://// Arithmeti operations//- '+' left 80 other:self :self // add- '-' left 80 other:self :self // substrat- '*' left 100 other:self :self // multiply98



4.2. NUMERIC- '/' left 100 other:self :self // divide- '%' left 100 other:self :self // modulo- '**' right 120 exp:self :self // power- '+' :self // positive (unary message)- '-' :self // negative (unary message)//// Bitwise operations//- '&' left 100 other:self :self // bitwise and- '|' left 80 other:self :self // bitwise or- '^' left 80 other:self :self // bitwise xor- '~' :self // bitwise omplement (unary message)- '>>' left 100 other:numeri :self // logial shift right- '<<' left 100 other:numeri :self // logial shift left//// Comparisons ://- '=' right 60 other:self :boolean- '!=' right 60 other:self :boolean- '>' right 60 other:self :boolean- '<' right 60 other:self :boolean- '<=' right 60 other:self :boolean- '>=' right 60 other:self :boolean//// Loops//- to limit_up:self do bl:blok // iterate forward from Self to limit_up- downto limit_down:self do bl:blok // iterate bakward from Self to limit_down- to limit_up:self by step:self do bl:blok // iterate forward with step- downto limit_down:self by step:self do bl:blok // iterate bakward with step//// Print//- to_hexadeimal:STRING // return a string with the hexadeimal value- print // print the value to the standard output//// Debug//- '?' b:blok // assertion, see 3.1199



Chapter 4. The Lisaa LibraryExample: use of loops1.to 10 do { i:integer; // i is the argument of the bloki.print;};16.downto 0 by 2 do { i:integer;i.print;};4.3 CHARACTERharater is an expanded prototype, represented by one byte, with a harater value. It anbe autoasted in smallint without range ontrol. Here is a few ommonly used slot://// Conversions//- ode:smallint // ASCII Code- to_upper:harater // return the equivalent harater in upper ase- to_lower:harater // return the equivalent harater in lower ase//// Tests//- is_letter:boolean // Is it a letter ('a' .. 'z' or 'A' .. 'Z') ?- is_digit:boolean // Belongs to '0'..'9'.
A harater is de�ned between '.+ :harater; := 'z';'z'.is_letter.if /* ... */4.4 BOOLEANboolean is an expanded type from whih inherits true and false. By default a boolean isdynamially false. Conditionnals methods are delared in boolean but their real de�nitionstand in true or false, the dynami types of boolean.For example, the if ... else method is delared deferred (to be rede�ne) in boolean.- if b_true:blok else b_false:blok <- deferred;100



4.4. BOOLEANIn true the slot is rede�ne:- if b_true:blok else b_false:blok <- b_true.value;In false the slot is rede�ne:- if b_true:blok else b_false:blok <- b_false.value;Just examine the following all:(a > b).if { "Yes!".print; } else { "No!".print; };The list (a > b) returns a boolean, whih will dynamially be true or false. Then the eval-uation of the slot if ... else will be done in the orresponding prototype and returns the realresult by late binding.� (a > b) returns true : the ode evaluated is b_true.value so { "Yes!".print; }� (a > b) returns false: the ode evaluated is b_false.value so { "No!".print; }All the funtions of boolean follow the same pattern using late binding.//// Logial operations ://- '!':boolean // not (unary slot)- '&' left 20 other:boolean :boolean // and (strit, total evaluation)- '|' left 10 other:boolean :boolean // or (strit, total evaluation)- '&&' left 20 other:blok :boolean // and then (semi strit)- '||' left 10 other:blok :boolean // or else (semi strit)- '^' left 10 other:boolean :boolean // xor- '->'right 25 other:boolean :boolean // imply//// Conditionals//- if true_blok:blok :boolean- if true_blok:blok else false_blok:blok- elseif ond:blok then blok:blok :boolean- elseif ond:blok then blok:blok else blok_else:blokHere is a few examples of using boolean.+ a,b,,d,e:boolean;/* ... */e := (a | b) && {  -> d};/* ... */(a ^ ).if { "Ok!".print; } // return a boolean.elseif { d } then { "Ko!".print; } else { "Maybe!".print; };/* ... */ 101



Chapter 4. The Lisaa Library4.5 BLOCKblok is a partiular prototype beause it is impliitly onstruted using braes { and }. Formore informations about bloks see 3.9. Here is some funtions de�ned in the blok prototype.//// Conditional ://- '||' left 10 other:blok :boolean // or else- '&&' left 20 other:blok :boolean // and then//// Loop ://- while_do body:blok // while self is true, evaluate body- do_while test:blok // evaluate self while test is true- until_do body:blok // until self is true, evaluate body- do_until test:blok // evaluate self until test is true//// Debug//- '?' // assertion, see 3.11Example: using loops+ j:integer;{ j < 10 }.while_do { j.print; j := j + 1; };j := 0;{ j.print; j := j + 1; }.do_until { j >= 10 };
4.6 NATIVE_ARRAYnative_array is a partiular olletion prototype using generiity. It's an expanded type whohave the partiularity to be diretly mathed on memory datas. This prototype is at the ore ofall the olletions (arrays).Be areful when using a native_array, there is no bound ontrol, it's equivalent toa variable de�ned with (void *) in C. The use of native_array is reserved to experts beauseof its low level. If you want more informations about the use, wath the ode of this prototypeand how it is used in olletions. 102



4.7. STRING
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4.7 STRINGThere 3 type of string in the library: abstrat_string, string_onstant and string.abstrat_string is an abstrat prototype, who de�ne the standard operations on a string.string_onstant inherits of abstrat_string. A string_onstant an't be modi-�ed after being reated. You an reate it as following:+ a:string_onstant := "Hello world !";string also inherits of abstrat_string. This objet an be modi�ed in many ways.This 3 prototypes are similar in their internal representation.Setion Header- name := abstrat_string -> string; // an be autoast in string- ategory := doile;/* ... */Setion abstrat_string // abstrat_string and its desendants+ storage:native_array[harater℄;Setion Publi/* ... */
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+countP
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ABSTRACT_STRINGIn abstrat_string you an �nd the following slots (visible from string and string_onstant,beause of the inheritane.//// Features// 103



Chapter 4. The Lisaa Library+ ount:integer // Number of elements of storage- lower:integer := 1; // The elements are numbered from 1 to ount- upper:integer // Number of the last element- apaity:integer // Number of reserved elements for storage//// Aess//- item index:integer :harater // Element number index- '==' left 40 other:abstrat_string :boolean // True if strings have the same text- same_as other:abstrat_string :boolean // Case insensitive '=='//// Testing//- has h:harater :boolean // True if `h' is present- has_substring other:abstrat_string :boolean // True if `other' is present//// Operations//- '+' other:abstrat_string :string // New string, onatenation of Self and other.- substring start_index:integer to end_index:integer :string // Create a substringA string_onstant is partiular beause it an't be modi�ed.- to_string:string // reate a string objet from a string_onstantA string objet is not an expanded prototype so it must be loned from the 'master' objet.//// Creation//- reate needed_apaity:numeri :self // Create with needed_apaity but empty- reate_from_string str:abstrat_string :self // Create with a opy of str//// Modifiations//- lear // Count is reseted, but apaity remain idential- append other:abstrat_string // Append other to Self- prepend other:abstrat_string // Prepend other to Self104



4.8. FIXED_ARRAY- put h:harater to index:integer// Put h at position index- add_last h:harater // Append h to Self- to_lower // Convert all the haraters to lower ase- to_upper // Convert all the haraters to upper ase
4.8 FIXED_ARRAYfixed_array is an array with a �xed lower bound using generiity. You an de�ne a fixed_arrayof any objet. As for string, fixed_array has a storage:+ storage:native_array[e℄; // Internal aess to storage loation+ ount:integer; // Number of elements of the arrayExample: fixed_array of an expanded objet
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//// Features//- lower:integer := 0; // The elements are numbered from 0 to ount - 1- upper:integer // Number of the last element- apaity:integer // Number of reserved elements for storage//// Creation// 105



Chapter 4. The Lisaa Library- reate new_ount:numeri :self // Create an array of new_ount elements// initialized to the default of 'E'- reate_with_apaity new_ount:numeri :self // Create an empty array// of new_ount elements reserved//// Aess//- item index:integer :e // Element number index//// Testing//- '==' right 60 other:self :boolean // true if objets have the same elements//// Modifiations//- subarray min:numeri to max:numeri :self // Create a subarray- append other:SELF // Append other array- add_last element:e // Append element- put element:e to i:numeri // Put element at position i- lear // Count is reseted, but not apaity
4.9 STD_INPUTstd_input is used to modelize the standard input for the program. You an use diretly themaster objet std_input when alling slots. Clone of this prototype is useful only if you havemulti inputs.- read_harater:harater // return the harater read- read_line_in str:string // put the line read in str (must be not null)- last_integer // last integer read- read_integer // read integer and put result to last_integerExamples: use of funtions+ :harater; := std_input.read_harater; 106



4.10. STD_OUTPUT4.10 STD_OUTPUTstd_output is used to modelize the standard output for the program. You an use diretlythe master objet std_output when alling slots. Clone of this prototype is useful only if youhave multi outputs.- put_harater :harater // write a single harater on the output- put_string s:abstrat_string // write a string- put_new_line // write a new lineExamples: use of outputstd_output.put_harater 'Y';std_output.put_string "Hello world !";4.11 COMMAND_LINEommand_line represents the ommand line of the all of the exeutable. If you have to getarguments of the ommand, use this prototype.- ount:integer // number of arguments- item idx:integer :string_onstant // argument number idx// name of the exeutable is 0,// first argument is 1Example: use of funtionsommand_line.item 1.print;4.12 Default values Type Valuenumeri 0harater 'n0'boolean falsefalse falsenothing ( ) or voidother objet null
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Chapter 0101bThe Lisaa World5.1 Glossary of useful seletorsThis glossary lists some useful seletors. It is by no means exhaustive.Name: Arity: Assoiativity: Semantis:5.1.1 Assignment:= binary right Assignment with value?= binary right Assignment with value or null if bad type<- binary right Assignment with ode5.1.2 Cloninglone reate a lone5.1.3 Comparisons= binary left referene identity!= binary left not equal (referene)== binary left strutural equality (�rst level)!== binary left not equal (strutural)< binary left less than> binary left greater than<= binary left less than or equal>= binary left greater than or equalhash_ode hash value109



Chapter 5. The Lisaa World5.1.4 Numeri operations+ binary left add- binary left subtrat* binary left multiply/ binary left divide% binary left modulus** binary left exponential+ unary right positive- unary right negative5.1.5 Logial operations (boolean) (see 5.2.1)& binary left and (strit, total evaluation)&& binary left and then (semi-strit)| binary left or (strit, total evaluation)|| binary left or else (semi-strit)^ or ^^ binary left xor-> binary left imply=> binary left imply a blok! unary right not (negation)5.1.6 Bitwise operations (integer)& binary left bitwise and| binary left bitwise or^ binary left bitwise xor� unary right bitwise omplement<< binary left logial left shift (�lled low bits by zero)>> binary left logial right shift (�lled high bits by zero)5.1.7 ControlConditonal (see 5.2.2)A.if_true B evaluate B if A is True, no return valueA.if_false B evaluate B if A is False, no return valueA.if B evaluate B if A is True, result is reeiver AA.if B else C evaluate B if A is True, C if A is FalseA.if B.elseif C then D evaluate �rst arg if False, if arg is True then seond argis evaluate, result is the �rst arg evaluationA.if B.elseif C then D else E evaluate �rst arg if False, if arg is True then seond argis evaluate, else the third arg is evaluate110



5.2. Control Strutures: Booleans and ConditionalsA.when V then B one the reeiver is equal to �rstargument, the seond one is evaluatedA.when V1 to V2 then B if the reeiver is in the interval V1-V2,the last argument is evaluatedA.when V1 or V2 then B if the reeiver is V1 or V2, the last argument is evaluatedBasi looping (blok) (see 5.3)loop repeat the blok foreverpre-tested looping (blok) (see 5.3.1)A.while_do B while reeiver A evaluates to True, repeat the blok B argumentA.until_do B while reeiver A evaluates to False, repeat the blok B argumentpost-tested looping (blok) (see 5.3.2)B.do_while A repeat the reeiver blok B while the argument A evaluates to TrueB.do_until A repeat the reeiver blok B until the argument A evaluates to TrueIterators (integer) (see 5.3.3)V1.to V2 do B iterate forwardV1.to V2 by S do B iterate forward, with strideV1.downto V2 do B iterate bakwardV1.downto V2 by S do B iterate bakward, with stride5.1.8 Debugging? unary right rash if argument expression is False (blok)? B binary rash if blok is False and level of debug higher (numeri)5.2 Control Strutures: Booleans and Conditionals5.2.1 Booleans expressionThe boolean expression ours by sending of message to true or false objet.111



Chapter 5. The Lisaa Worldtest := ((a | b) & ) -> d;test2 := ((i>3) | (j<=20));In this example, all the expressions are evaluated.Typially, there is a �or� and �and� operators whih evaluates that by need the right part of theexpression.test := (a || {! b}) && { -> test};// If a is False then '! b' is evaluate.// If (a || ! b) is True then ' -> test' is evaluate.test2 := ((i>3) || {j<=20});// If (i>3) is False 'j<=20' is evaluate.5.2.2 ConditionalsA fundamental ontrol struture in Lisaa , like in many languages, is the onditional. InLisaa , the behavior of onditionals is de�ned by two unique boolean objets, true and false.Boolean objets respond to the if else message by evaluating the appropriate blok argument.For example, true implements if else this way:- if true_blok:blok else false_blok:blok <- true_blok.value;That is, when true is sent the if else message, it evaluates the �rst blok and ignores the seond.Conversely, the if else implementation in false is:- if true_blok:blok else false_blok:blok <- false_blok.value;5.3 LoopsThe numerous ways to do loops in Lisaa , enumerated in setion 5.1 above, are best illustratedby examples.5.3.1 Pre-tested loopingHere are two loops that test for their termination ondition at the beginning of the loop:{ onditional expression }.while_do { /* ... */ };{ onditional expression }.until_do { /* ... */ };In eah ase, the blok that reeives the message repeatedly evaluates itself and, if the termi-nation ondition is not met yet, evaluates the argument blok. The value returned by both loopexpressions is void. while_do tests the ondition and loops while it is true, whereas until_dotests the ondition and loops until it is true. In both ase, sine the test is done before anylooping, the loop blok may not be exeuted at all.For illustration purposes, here is the implementation of the while_do message in blok:- while_do loop_body:blok <-( ? {loop_body != null}; 112



5.4. ColletionsSelf.value.if {loop_body.value;Self.while_do loop_body;};);Of ourse, self is optional.5.3.2 Post-tested loopingIt is also possible to put the termination test at the end of the loop, ensuring that the loop bodyis exeuted at least one:{ /* ... */ }.do_while { onditional expression };{ /* ... */ }.do_until { onditional expression };5.3.3 Iterators looping1.to 10 do { i:integer;/* ... */};10.downto 1 do { i:integer;/* ... */};The 'i' argument of the blok of exeution ontains the urrent value of the iteration.5.4 Colletions5.4.1 List of olletionsarray : 1-dimension resizable arrayarray2: 2-dimension resizable arrayarray3: 3-dimension resizable arrayfixed_array : 1-dimension �xed arrayfixed_array2: 2-dimension �xed arrayfixed_array3: 3-dimension �xed arraylinked_list : 1 way linked listlinked2_list: 2 ways linked listset: mathematial set of hashable objetsditionnay: assoiative memory5.4.2 Example+ a:fixed_array[integer℄;+ b:integer; 113



Chapter 5. The Lisaa Worlda := fixed_array[integer℄.reate 10;a.put 5 to 0;a.put 2 to 1;b := a.item 0;
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