
Univ
ers

ity
 of

 C
ap

e T
ow

n

LINEAR LI8RARY 

U HI VEJWI '~Y 01" CAPE TOWH 

C01 0068 1255 

Ill H II IIIII m II 
DEP AH'EI,mWI' OP COJ'.1PU'.lEH SCIENCE 

THE n:IPL:EfV11;l'J'l'A'1'lOU 01" A Jt'HONT END PROCESSOR 

POR A GUB~BT OF ADA (1) 

HY 

A 'l' Jl]~ :.3 1 0 

PHEP AH.lDD UNDBH 'lll.8 ~JUPEHVISIOH OP 

PHOl<' . K . J . f-1ACGHEGOR 

IN PULPIL!'•IEW~ Olt' TliE lU~lWIHEMENTS FOR 1'1IE 

DEGREE OF MASTBH OF SCIENCE IN COMPUTER SCIENCE 

(1) ADA I:J A HJ<;UI:J'J'ImJ.;JJ 'L'Ii.J\D t·;f'-'1 /\IU~ OP 'fHl'~ U. 0 . GOVEHJH1ENT , 

J\ll/1. JOIH'l' PUOGHJ\['1 Ol"PICE 

THI S 'PHES IS I S ~3POUSOHED IN PART BY l'HE 

COUl/CIL FOH 0Cl1·:1·J'l'D'IC /\ND HJDUDTRI/\1 RESEARCH 

APHIJ~, 1 ~Uj 



 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



-1 

ACKNOWLEDGBMENT~ . 

I wish to ackn o w l ~ d t;c.J t l1 e out :.:; t a ncl i ng help a nd encouragement I 

r e ceived tram t he f ollowing p e r s ons in the preparation of this 

thesis . Without t l1i s kindly int e r es t my task would have been 

i omeasurably oore di fr icult : 

Professor K. J . MacGr ecor r or h is pati ence and guidance. 

C. Nell, my honours pa rtne r, wl1o h e lpe d initiate this project. 

Th e staff a t th e Comput e r Centr es of the Unive rsity of Cape Town 

a nd the Univ e r si t y of Nat a l, Pic t e r ma ritzburg f or their aid and 

co-ope ration. 

The Council f or Sci enti f ic and Industrial Research and the Sperry 

Univac Corporation who provid e d ge ne rous financial assistance , 

a nd finally all t hose who li s t e ne tl a nd criticiz e d 

~ h ank you s ince r ely . 



-2 

ABSTRACT. 

ADA is a high levul 1)rograrnming lun~uage sponsored. by the United 

States Department of Defence primarily for use in real-time 

systems . It has all the structur e s present in modern algorithmic 

languages with additional features for tasking. 

~his thesis discu sses the University of Cape Town implementation 

of a front end processor for a subset of ADA. A compiler 

01: n1Jrutor pack a ce v/a:: u::l: d l;o cott~: Lruct u :.;yntux checker for the 

ADA language and a subs e t of this was extended through the 

semantic analysis phase iinally to produce the intermediate code -

DIANA. 

DIAllA is the stand.urd lnterm~d.iute code for all ADA prograos and a 

representation for transfer b e tween systems has been defined. 

DIANA is intended to function as an interface between the front 

and back ends of ADA compilers, and as an intermediate form which 

can be used by tools designed for ADA. 
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1. CHAPTER 1. INTRODUCTION. 

ADA is a high level programming language initiated by the United 

States Department of Defence. During its development considerable 

eifort went into the determination of the requirements of a 

language intended primarily ior embedded computer applications. 

7he resulting langua~c is s uitable not only for embedded computer 

appli cations, but also for general systems applications, numeric 

computation, r cu.l-tir,w indu:.;triu.l applications, general 

applications programming, and for teaching good programming 

practices. 

The first specification of the language became available in 1979 

and in 1980 students at the University of Cape Town decided to 

ga in experience in this n e w language by attempting to develop an 

ADA front end processor. 

In producing the front end processor, a compiler generator 

package, GSA 1100, was used. This package provides the capability 

of writing a lexical analyser (accepting as input, a modified 

Backus Naur grammar), and an LL(K) parser. It also enables error 

to semantic routines to be embedded in the 

A description of the GSA 1100 package is 

recovery and c a lls 

parser specification. 

contained in CHAPTBR 2. 

The version of ADA u se d by the initial project was that released 

in 1979. Thi8 wus modifi e d into ADA-80 which became available in 

1980, and i s the vur sion u sed by the final project. The 1980 

d~finition did not e ntirely res olve the ambiguities and 

complexities of the 1979 specification, and ADA-80 had to be 

fu rther refine d in 1982. 

The intermediate code produced by the front end was DIANA, an 

abstract syntax tree. It was designed for ADA-80 and has been 
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updated to be compatible with ADA-82. CHAPTER 3 discusses the 

history and features of these two languages. 

While implementing ADA using GSA 1100, certain problems were 

encountered. Mos t of these occured because the ADA specification 

is ambiguous and contains many constructs unsuited to an LL(K) 

parser. The ADA specification was therefore restructured to 

permit parsing us i ng GSA 1100. CHAPTEn 4 describes how the syntax 

checker was constructed, highlighting the problem areas 

encountered and their solution. 

ADA has rigid typ i ng rules and the language specification requires 

that the static semantic chuckinc bu done at compile time. This 

entails type checking, evaluation of numeric expressions, checking 

for non-null range s etc. To achieve this the program symbol table 

must be referenced. CliAPTEn 5 describes the construction of the 

symbol table, and the routines that reference it while performing 

the semantic checking. 

The output of the front end processor system is an abstract syntax 

tree representation of the intermediate code DIANA. DIANA was 

produced jointly by designers at Carnegie-Mellon University and 

the University of Karlsruhe for the ADA language. A description 

of DIANA is contained in CHAPTER 6. 

CIIAPTER 7 contains examples run on the front end processor and the 

resulting error messaceu and code produced. 
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2. CHAPTER 2. STRUCTURE OF THE ADA COMPILER. 

~he University of Cape Town ADA front end processor is written for 

the UNIVAC 1100/81. The body of the project is written in PLUS, 

Programming Language for Univac Systems , [Sperry Univac 1] and 

interfaces with t ables generated by a syntax analyser package, GSA 

1100, [Sperry Univac 2] provided by UNIVAC. Driver routines and 

interfaces are written in Univac assembler . 

Figure 2-1 shows the basic structure of the envisaged compiler. 

The structure of the UCT-front end processor is divided into five 

phases: 

Phases 1, 2 and 3 are accomplished with the aid of the GSA 1100 

package. Using the output produced by this package a symbol table 

is built which stores all tokens and their attributes as they are 

defined and later modified . This information is then used in the 

production of DIANA and enables the semantic information to be 

included in the DIANA structure. 

Phase 4, the static semantic analysis involves checking that the 

tokens are corr ectly us ed , and so uses the syobol table produced 

by phases and 2. If necessary, additional information may be 

inserted in the symbol table . In the case of errors, the message 

table produced in phase 3 is used. 

In the production of DIANA , phase 5, all the semantic information 

coces from tl1e symbol tublu , while the knowledge of which node to 

generate, or to where a particular node attribute should be 

linked , comes from the parse table generated in phase 2. 

In this way, all the phases making up the front end are 

interdependent, and use the information produced by each other. 
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PHASE 1 : 
LEXICAL ANALYSIS 

PHASE 2: ~ " PHASE 3: 
SYHTACTIC ANALYSIS ,----~,1 ERROR CHECKING 

AND RECOVERY 

PHASE 4 : 
STATIC SEMANTICS 

PHASE 5 : 
PRODUCT I ON OF DIANA 

UCT-FRONT END 
FOR THE ADA 
COMPILER 
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-------------------~------------ ·------------------------------- ----

DYNAMIC SEMANTicsJ 

PRODUCT I ON 01" 
HODIFIED P-CODE 

PRODUCTION OF 
UNIVAC 1100 CODE 

Figure 2-1. STRUCTURE OF THE UCT ADA COMPILER. 
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2 .1 . TABLE GBN.EHA'l'ING HOU'l'lNJm. 

The general synt a x analyser consists of several table generating 

routines that take as input information about the language to be 

analysed, an·d produce as output various tables that may · be 

interfaced with user-written routines. The table generating 

lexical routines comprise the 

table and dictionar y. 

analyser, parser, error message 

with each of the above · is Interfacing 

tnanipulates 

tokens to 

assembler code which 

package and pass es 

predefined stacks. 

2.1 .1. LEXICAL ANALYSER. 

the output 

user-written 

produced by the 

procedures via 

Input to the lexical analyser is in the form of a modified Backus 

Haur notation describing the composition of the terminal symbols 

that make up the lexical units of the language being defined. 

(See appendix I). 

Once a lexical uni t is recognised, it is transferred to the parser 

1'or parsing. 

Each lexical uni t is given a unique parameter number in the 

lexical specificat i on, and this coincides with the same parameter 

number for the same token in the parser specification. 

The lexical specification can be considered as a tree with many 

branches. It consists of only one production and so has one entry 

point, the root. Dcpc nclin0 on the next character it follows a 

particular branch until a token is recognised, or an error found. 

Look-ahead should only ue used in the lexical specification when 

absolutely necessary. This implementation had to use look-ahead 

to distinguish between a character literal e.g. 'R' and an 
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attribute reference e.g . A'FIRST. After recognising a single 

quote mark followed by a charact e r, the path to follow depends on 

t he next character in the input string. 

2.1 .2. PARSER. 

Unlike the lexical analyser, the parser has many productions which 

make up the specif i cation of the l a nguage. The same notation is 

used to input th e rul es of the language to the parser as is used 

to input the l exi c a l units to the lexical analyser. Interspersed 

in the definitio n of the language may be calls to the error 

mes sage routines a n d semantic routines. It is through these calls 

that the front e nd is construct~d. The parameters at the 

beginning of the p a rser, lexical analyser and dictionary ensure 

that the same tok e n hao identical attributes in all the routines. 

The assembler rout i nes link these paraneters. Lexical units are 

de f ined and reco g nised in the lexical analyser and used in the 

parser. Other terminal symbols, e .g. reserved words, operators 

and special synbol s raay be defined in the dictionary and then used 

in particular place s in the pars e r. All terminal symbols are 

listed at the b e ginning of the parser specification and given a 

unique parse number. This parse numb e r is used by the semantic 

routines to identi f y these symbols. All non-terminal symbols used 

in the parser nust define s ome production of the language and must 

also be listed at the b eginning of the parser specification. 

The general synt a x analyser package is an LL(K) processor and 

allows look-ahead to any level in the parser. Look-ahead 

productions may be define d in the parser but this method was 

unsuccessful because difficulty was experienced when error 

processing and recovery was attempted. Look-ahead for terminal 
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symbols only was use d. 

Th ere are various options made available by the parser to the 

c ompiler writ e r. On e can ma rk the beginning of a production, 

inhibit stacking of c e rtain symbols or reserved words, force a 

particular amount of unstacking say at the end of a production, 

a n d inhibit ambigu ity checking. 

ADA proved to be a n a mbi guous l a nguage and restructuring of 

productions, look - a h e ad in productions, semantic analysis and the 

use of the ambiguity stop had to be used in the specification of 

ADA for use with GSA 1100. 

2.1 .3. DICTIONARY. 

The dictionary is a table containing all key words, symbols and 

op e rators. Through the dictionary one can give terminal symbols 

various attribute s that ma y be u sed during semantics, e.g. giving 

order to the boolea n values true , fa l s e. This routine sorts these 

t e rminal symbols into g roups of characters for identification. It 

is important tl1at the pars e numb e rs of these key words is the same 

i n all routines . 

2. 1 .4. ERROR MESSAGE TABLE. 

GSA 1100 giv e s t he use r an e f f icient way of constructing error 

mes sages and r e co vering to v a rious parts in the syntax. A 

l anguage . and ass ociat e d construction routines are provided to 

p ermit the product i on of me aningf ul error message s. As this 

sof tware is par t of the syntax analyser package, and not 

s ignificant to the r e s e arch being undertaken, it is not described. 

Again there is an assembler routine that interfaces with this 
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routine and the other table generating routines or user routines. 

It transfers the error token around and recovers to the correct 

places in the parser. An e rror recovery table is set up by the 

parser if there are any calls to the error message routine in the 

parser specification, and then the relevant error message is built 

a s necessary. The call to the error message routine is done by 

to an e rror message number, or, in user-defined referring 

procedures, re feren cing the entry point of the error routine with 

the relevant error nessage numb e r. 

It can be seen tha t the above routines are very powerful and with 

their ancillary routir1es make an efficient tool in the designing 

and implementation of a compil e r. 

2.2. ANCILLARY ROUTINES. 

Several other rout ines are required to interface with the table 

6enerating routine s of the general syntax analyser package. These 

were largely supplied by UNIVAC and are responsible for 

ini tialisation of the system, searching and maintaining the stacks 

and interpreting t he tabular output. A brief description of the 

most relevant one , tok e n, f ollows . 

2 . 2 . 1 . TOKEN. 

This routine is the most important of the supporting routines as 

it directs flow t h rough all the routines. It is a user-written 

interface betwee n the parser and lexic~l analyser and generates a 

token entry (detailed in CHAPTEH 5) that is acceptable to the 

parser and any semantic routines that may reference it. While 

doing this it -
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1) recognises key and reserved words by accessing the dictionary 

(the tables produc e d by the keyword builder). 

2) maintains a dictionary of items recognised and so builds a 

symbol table. 

3) converts and handles any special class of lexical units that 

~ap onto different token units. e.g. Certain words carry semantic 

information but the parser only needs these words to be recognised 

as identifiers. 

Input to the tok en routine comes from the GSA 1100 lexical 
# 

analyser. Output f rom the token routine consists of a single 

token entry that i s placed in the input buffer of the parser. 

The module contai ning the token routine has been extended to 

contain all the semantic checking. (See section 2.3 and CHAPTER 

5) • 

The structure of GSA 1100 is modular, thus enabling the user to 

produce one error message table and one dictionary which may be 

used with all future releases of a language. Every time the 

language specificat ion is changed, only the parser and lexical 

analyser need be updated. Emphasis can therefore be placed on 

implementing the language and not necessarily on error message 

production and recovery, which, once developed, remains static. 

:F'igure 2-2 ~ivu~.:; an ovurvie\v of the way which the GSA 1100 table 

generating routine s and interfacing routines work together to 

produce meaningful output. 



~ 
I-'· 

(J'q 
~ .., 
(1) 

1\) 

I 
1\) 

Q 
(IJ 

> 

0 
c 
(IJ 

t-< 
Cl.:l 
8 
t=j 
3: 

0 
< 
t=j 
:::c 
< 
H 
t:tj 
~ 

,......., 

(IJ 

"d 
(1) .., .., 
~ 

c:::: 
::s 
I-'· 

< 
P' 
() 

1\) 

t........J 

GENERATION 

USE 

Driver 

Program 

I 

' 
Post GSA 

Processor 

NFORMATION FLOW 
CONTROL FLOW 
LOGICAL GROUPING 

'-1/ 

INPUT 

HANDLER 

1' 

I 
I 

I 
I 

88 8 8 
.------------.------------.----------------------. 
I I I I 
I I I I 
I I r-------------~ I 
I I I I I 

~ . 0 0 0 :.,vo 0 0 0 .: 

'-1/ 
;oooooooooooo \V oooooooooooooooooooo 00000 ~ 0 0 0 0 '-Vo 0 0 0 0 : 

LEXICAL I : IKEYWORDI I PARSER I ECOVERY : ~MESSAGE 
TABLES : TABLES TABLES TABLES : TABLES 

w '-1/ '-1/ w w 
; 

~ ~ ' ' 0 ' 

LEXICAL Token I' o / 1'- ERROR 0 ./ MESSAGE 

~-- -:7 k--) k/ PARSER k ) K ') IANALYZER Routine - -r---- ------ ~ECOVERY :---- ~ ROUTINE 

:ooroooooo oo: ~ : 1.,., .... , ...... ~ : 00 00 001' 00 0 

o I \ ~ ; I 
I t' ~ ~..~ '-1/ 
I 

(MESSAGE~ I 
I TOKEN PARSE 
I 

(M-ESSAGES) 

I STACK STACK 
I 
I 

;oooooo .'\ 0000 0 0 0 0 ~"'f .. 0 0 0 . 0 0 °o. 
0
o 0 •••• 0. 0 0 . : 

I 
I ' I 

'V ~I ' I 

SEMANTIC ~-------) Semantic 

TABLES Routinu 

-------- Italicized item 
...,y user..,.supplied information c OUTPUT) 

(") 
~ ,_ 
> 
'""d 
1-3 
t=j 
:::c 
1\.) 

~ 
r3 ...... .-..-
c::: 
0 
t-3 
c::: ,_ 
.-..-
t=: 

0 
s 
""'= 
~ .._ 
L-. 

> c 
> 
c.: 
0 
..s. 
tv 
H 
t-! 
t=.:: 
:::c 

\>l 



CHAPTER 2. STHUC1'URE OF 'filE ADA COMPILER. -14 

2.3 . STATIC SEMA TIC ANALYSIS. 

Static semantic analysis is done through several procedures which 

reside in the module token. This was done because the token 

routine that interfaces with the GSA table generating routines 

produces the symbol table, token stack and various other arrays 

and stacks that are used in the semantic analysis. . All the calls 

to these semantic routines are either imported from the parser or 

6enerated by other semantic checking routines. 

Most of the static semantic checking is type checking which is 

achieved by using tl1e information in the symbol table together 

with the token .stuck. lnturrnudiate re~mlts are stored on the 

token stack and where static expressions are evaluated , the 

results are stored in an array of values and a pointer is set up 

from the symbol table entry to the expression value. 

Overloading within numeric types and the converting of strings of 

numeric digits to their numeric value is catered for . Where 

possible, range checking in the form of type compatibility and 

non-null ranges is done, and each array subscript is tested for 

compatibility between it and the allowed subscript type for that 

array. 

For a detailed description of these procedures, see CHAPTER 5. 

The intermediate code buing produced is DIANA, and where possible, 

tl1e DIANA constructs include semantic information e .g. numeric 

values, intermediat e types etc. Thus calls to the DIANA producing 

routine are made fror:1 the :wroant i c nnn.J.yrH1:1 proccdu res whore 

applicable . 

~he token module i s therefore the pivot of the whole front end 

processor. 



CHAPTER 2. STRUCTURE OF THE ADA COMPILER. -15 

2 . 4 . PRODUCTION OF DIANA. 

Two of the original des i gn goals of DIANA were: 

1) 11 DIANA is bas e d on the li'orma l Def inition of ADA 11 and 

2 ) 11 in DIAN/\, t he re i s a s ingl e definition of each ADA entity 11 

[Goos 1981]. 

Tha se two goal s conformed to the me tl1od of cons truction of the 

UCT-front e nd a nd r esult e d in ca ll s to the DIANA producing routine 

pr i marily being mad e f rom the pa r se r. As each construct is 

identified in the pars e r, the relevant DIANA code is produced with 

any associated sema ntics from the s ymbol table. 

It is against the batch processing philosophy to produce code for 

a n i ncorrect program. Thus, once a compilation error is found, no 

hlore DIANA is produced. This allows the production of DIANA to 

assume a syntactica lly correct ADA program as input. 

Another of the design goals was uniformity within the DIANA 

constructs. Cons equently diff e r ent DIANA structures may have 

similar configurations which rely on scope and context sensitive 

inf ormation f or the ir cons truction. Scope problems were overcome 

by using several s tacks k eeping tra ck of the position of certain 

nod es in the DIANA tree , block numb e r s , beginning of lists, etc. 

Once a construct is compl e t e , it is output to a file. 

As each DIANA node i s ge ne r a t ed, tl1e DIANA routine attempts to 

comp lete it. Ev e ry DIANA nod e has the same basic structure and 

may be interpreted through a unique identifying number. By using 

th is number and cor r elating it with the kind of node, one can 

de te rmine what the s ubsequent attributes mean. 

Th e production of this interQe di a te code is performed in the 

module DIANA which i s written in PLUS . For a detailed description 

see CHAPTER 6. 
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3 . CHAPTER 3 . BACKGROUND INFORMATION. 

3 .1. ADA. 

3.1 .1. HISTORY. 

In the early 1970's the Unit e d States Department of Defence 

dec ided that it was necessary to do so~ething about the rising 

software costs; th e most import an t of which was that of the 

ecbedded system sector (approxima t ely $1680 million). To counter 

t hi s it was de cid ed that a s ingle standard wa s needed for this 

s ector. 

A set of requir eme nt s was de ve loped a nd refined in a series of 

documents . 

DATE 

1 975 

1 975 

J an 1 976 

J an 1977 

April 1977 

J uly 1977 

April 1978 

f1ay 1 979 

Ju l y 1980 

Ju l y 19U2 

DOCUt1ENT PUHP03E 

Strawman Informal comments 

\Vood enraan Informal comments 

Tinman Proposed language 

Ironman In f ormal comments 

Call for tender 

Re vi se d Ironman 

PHASE 1 GHEEN RED BLUE YELL0\"1 

St eelman 

PHA SE 2 GREEN RED 

Preliminary ADA 

PHASE 3 GHEEN 

ADA- 80 

Draf t AN SI standard 
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The call to tender for the language in April 1977 received 

seventeen replies. In August 1977, when Phase began, four of 

these were chosen. Each was designated a colour code: 

CII-HONEYWELL-BULL (green), INTEHMETRICS (red), SOFTECH (blue), 

and SRI INTERNATIONAL (yellow) • In ~1ay 1979 the green language 

was accepted. This was designated Preliminary ADA. 

After ouch criticism and experimentation, changes were made to 

preliminary ADA [ Preliminary 1979 ] resulting in ADA-80 [ 

Military 1982 ]. ADA-GO overcame many of the ambiguities and 

semantic problems that existed in the preliminary language. 

ADA-80 was subsequently reviewed and ood1fied in the light of 

itlpleoentation difficulties and a draft standard document was 

released [ Reference 1982 ]. This document became available to 

the public in October 1982 and appears to have resolved and 

clarified many of the hazy areas of the previous two releases of 

the language. 

ADA compilers fulfilling the validation requirement of the 

Department of Defence [ Goodenough 1901 ] are being produced 

internationally . Of necessity these compilers' abilities include 

the specified tasking capabilities of the language. All leading 

r:1anufacturers and several large institutions are currently 

supporting, sponsoring and implementing ADA. This should result 

in ADA·becorning the real-time standard of the 80's. 

An important complementary activity was the development of a 

parallel series of documents entitled SANDMAN, PEBBLEMAN and 

STONEMAN as the ADA support environment [ Stenning 1981, Wolfe 

1 981 ] This enhances program portability and allows 

programmers' proficiency in one standard language. 
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3.1 .2. THE LANGUAGE. 

ADA is the programming language designed according to the STEELMAN 

requirements of the United States Department of Defence [ Steelman 

1978 ] . ADA was na~ed after Ada Lovelace who was a leading 

computer pioneer of the nineteenth century, a colleague of Charles 

Babbage, and the daughter of Lord Byron. It was designed at 

CII-HONEYWELL-BULL by a Paris based tea@ led by Jean Icbiah. 

The main basis of ADA is the programming language PASCAL and its 

later derivatives. A goal in the design of ADA was to retain the 

Pascal spirit of simplicity, but not necessarily the form of each 

Pascal feature. 

ADA possesses the data abstraction features of modern programming 

languages, and as such, has the ability to define types and 

subprograms with the conventional control structures serving the 

need i'or modularity. An integral part of the language is 

real-time programming with the ability to model parallel 

processing and cater for exception handling. Included are systems 

program applications requiring access to system dependent 

parameters and precise control over the representation of data. 

The three design criteria for ADA were 

1) the importance of program reliability and maintenance. 

2) the fact that programming is a human activity. 

3) programs are required to be efficient. 

The designers endeavoured to make it easy for programmers to write 

good, structured programs using ADA. 

An attempt was made to keep the language as contained as possible. 

This gave rise to a language with a minimum number of underlying 

concepts put together in a consistent and ordered manner. 

A program in ADA i s a sequence of higher level program units. 



CHAPTER 3. BACKGROUND INl~OHMJ\TION. -19 

Program units may be subprograms, package modules or task modules. 

Separate compilat i on of program units allows a program to be 

designed, writt en and t es ted in independent parts. 

A subprogram may be either a procedure or function subprogram, and 

is the basic uni t for expressing an algorithm. A procedure 

subprogram perfo r ms a sequence of desired actions, whereas a 

function subprogr a m computes a value. A package module defines a 

collection of l ogically related units. Portions of packages can 

be hidden from the user, allowing access only to the logical 

properties of the module . A package module'may be a collection of 

related subprograms . 

A task module also defines collections of logically related units 

but with the additional capabilities of parallel processing. 

Tasks may be impl emented on multiple processors, or interleaved on 

a single processo r . 

3.1 .3. VERSIONS OF ADA. 

Preliminary ADA was released in 1979 [ Preliminary 1979 ] and had 

some very intere s ting fea tures, e . g . dynamic arrays, initial 

default values f or parameters, the idea of separate compilation 

units, etc. It l ef t many areas unexplained and ambiguous. This 

version was stud ied and discussed by people throughout the world 

and when ADA-80 wa s release d there were significant changes. For 

a detailed list s e e [ Winkler 1981 ]. 

One noticeable d ifference between the two documents was that the 

ADA-80 specification was oore detailed and more precise than 

Preliminary ADA. In several instances restrictions and details 

were specified where previously no elaboration had existed. 

The UCT-front end is based on the ADA-80 definition of the 
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language [ Military 1980 ] where there are still several flaws 

with which i@pleme ntors have to contend. The draft standard 

document for ADA [ Reference 1982 ] overcomes several of the 

problems present in ADA-80. Below are a few of the syntactical 

changes between ADA-80 and "final" ADA. Only changes relevant to 

the UCT-front e nd are me ntioned. 

The new manual explicitly d e tails the semantics and rules of the 

language including notes to the implementor about the 

inte~pretation of the explanations. 

The syntactical differences included in this implementation are: 

1) NAME has been restructured. The UCT-front end has taken the 

final ADA definition of SELECTOR. 

2) The relation part of an EXPRESSION has been simplified and 

this simplificati on has been implemented. 

3) Wherever an EXCEPTION HANDLER appeared in ADA-80, it was 

optional, even 

has been changed. 

f ollowed by at 

i f the reserved word EXCEPTION was present. This 

If the word EXCEPTION is used, it must be 

least one EXCEPTION HANDLER. This has also been 

implemented in the UCT-rront end. 

Other changes are : 

1) DECLARATION has be e n change d to overcome an ambiguity that 

exi sted in the s yntax for DECLARATIVE_PART. Several productions 

that may have app c urud further down the parse tree have been moved 

so that the cor re ct path can be id e ntified as early as possible. 

Consequently DECLAHATIVE_PAHT and all the productions it calls 

have been redefine d. 

2) An OBJECT DECLAHATION can no longer contain an unconstrained 

ARRAY TYPE DEFINITION. This infers that all unconstrained array 

types must be expl icitly declared as types. 

3) The syntax for TYPE DECLARATION has been altered to include a 
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PRIVATE TYPE DECLARATION. This has no actual significance in the 

structure of a TYPE DECLARATION as the PRIVATE TYPE DEFINITION has 

been taken out of TYPE DEFINITION causing no difference to the 

resulting syntax. 

4) RANGE has been changed to include the range attribute. 

5) In several places where previously a SUBTYPE INDICATION was 

specified , ADA now only requires a TYPE_MARK. Also where NAME was 

specified, ADA now requires only a SIMPLE NAME which is an 

IDENTIFIER. These two simplifications make the whole syntax less 

ambiguous and easier to implement. 

6) The components of a record may no longer be declarations of 

arrays but just variables of an existing user-defined or standard 

type. Also, a COMPONENT LIST must now have at least one 

component, even if it is the NULL component. 

7) ALLOCATOR has been simplified. 

8) One of the major differences is that of a parameterless 

function call. In ADA-80, an empty pair of parentheses had to 

follow the call. This is no loneer required. 

The remaining syntactic changes refer to packages, tasks, generics 

and library units, all of which have not been implemented, so are 

not detailed here. They may be found in [ Harrison 1982 ]. 

The changes made to 11 final 11 ADA are mainly for the better as they 

bring ADA in line with other current languages. Although 

programmers are accustoL1ed to the change in FUNCTION_ CALL, this 

will continue to cause further ambiguities for the implementor. 
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3.1 .4. RESTRICTIONS. 

As the implementation of a compiler for the complete ADA 

specification would involve tens of man years work, only a subset 

could be implemented. The syntax checker has been constructed for 

the complete ADA definition ( except the RENAMES clause ), but 

only a subset has be e n extended further. 

The following rationale was used to extract the subset. A program 

i n ADA is a sequence of higher level program units. Program units 

may be subprograms, package modules or task modules. 

The basic unit for expressing an algorithm is a subprogram which 

may be split into procedural subprograms and function subprograms. 

A package module defines a collection of logically related 

entities . A task module is basically a package module with 

additional capabilities for parallel processing. Since modules 

require the basic constructs of a subprogram, it was decided to 

implement only subprograms . This subset is equivalent to PASCAL. 

Just as PASCAL can easily be extended to concurrent PASCAL, the 

selected subset can be extended to encompass the whole of ADA 

using GSA 1100. 

In particular t h e following were not implemented: pragmas, 

nodules, visibility rules, tasks, program structures and 

compilation issue s, generic program units, representation 

s p ecifications , implementation depe ndent features and the RENAMES 

clause. 

Pragmas are messag es to the compiler. They were excluded because 

insufficient information was known about GSA 1100 to be able to 

implement pragmas successfully. 

Task modules and p ackage modules were excluded since they are not 

really applicable in the present environment . Generally, students 
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do not work in groups on a single package, and therefore the need 

fo r packages is small . On a single processor system tasks are 

usually only use f ul for simulation , and therefore they were 

excluded. 

Since the visib i lity rules are intended for modules , they were 

r 8coved from the workable subset . Compilation issues are used 

r:1 ai nly for packat_;uG in pro~rum libraries , and are not relevant to 

a subset exclud i n {_j :=wpara te co1np i lu t ion and modules . 

Other parts were originally excluded from the subset, but were 

late r insert ed a ~ thei r meaning became clearer and they were seen 

to be part of the basic subset . This subset has been implemented 

as far as the production of DIANA, that is syntax checking, static 

seuantic checking and tl1e production of DIANA. As the remainder 

of ADA has bee n implemented in the syntax checker, this 

implementation can be extended through the semantic phase to the 

produc~ion of DIANA to gi ve a compl e te front end for ADA. 

3.2 . DIANA. 

3.2.1 . INTRODUCTION. 

DIANA , a Descriptive Intermediate Attribute Notation for 

based on two other intermediate codes - TCOL and AIDA. 

expected to become th e standard intermediate language 

ADA is 

DIANA is 

for ADA 

implementations , and so we decided to use it as the end point for 

the UCT-front e nd. 

The design of the language, as stated in the DIANA manual, [ Goos 

1981 ] is based on the following principles : 

1) It is representation independent. 
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2) It is based on the formal definition of ADA. 

3) Regularity is a principal charact e ristic of DIANA. 

4) It must be eff i ciently implemcntable. 

5) Consideration of the kind s of processing to be done is 

paramount. 

6) In DIANA, ther e is a single definition of each ADA entity. 

7) DIANA must res pond to the issues posed by ADA's separate 

compilation facil i ty. 

8) There must be at least one form of DIANA representation that 

can be communicat e d betwee n computing systems. 

These design goals give rise to an intermediate language that has 

a syntax similar to ADA produces uniform structures for the 

different productions and is easy to implement as the user sees 

1it. The resulti ng intermediate form of the program resembles the 

original program in such a way that there should be no problem of 

r egenerating the source, or of designing tools which use the 

"DIANA" program. 

Since the original release of DIANA (March 1981) several problems 

have been encountered. 

release of DIANA (October 

overcome these. DIANA-82 

ANS I standard for ADA. 

These have been studied and a new draft 

1982) [ Evans 1982 ] attempts to 

is compatible with the draft proposed 

As the UCT-front en d is bas e d on ADA-80, it used DIANA-81. 

3.2.2. THE LANGUAGE . 

An instance of the DIANA form of an ADA program is an attributed 

tree. The structure 

tree defined in the ADA 

of the tree is that of the abstract syntax 

formal def inition. Attributes of the 

nodes of this tree encode the results of semantic analysis. 
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The DIANA tree is structureu according to the syntax of ADA. Each 

ADA production has a corresponding DIANA production giving rise to 

a set of nodes for that production. Any static semantic analysis 

is held in these nodes through the semantic attributes of the 

node. If that node relies on system supplied information, there 

will be attributes for this information specified in this node. 

In this manner, t he DIANA tree contains the results of the syntax 

analysis, static semantic analysis and system supplied 

i .nforma t ion. 

Every node has the attribute LX-COMMENTS and most have the 

attribute LX-SRC POS. The latt e r is the source position of the 

symbol and these t wo attributes are for use in regenerating the 

source code. 

ADA SYNTAX 

DIANA SYNTAX 

EXAMPLE A := 3 

ASSIGNMENT STM : := VAR NAME := EXPRESSION 

ASSIGN => as-name 
as-cxp 

ASSIGN => lx-srcpos 
lx-comr.o.ents 

NAME 
EXP 

SOURCE POSITION 
COMMENTS . 

The DIANA tree to be produced would be 

ASSIGN 

as-narae .. 
as-exp 
lx-srcpos 
lx-comments 

.__.. 

USBD-NAJ'IIE-ID 

sm-de!'n 
lx-s yrnrep -f+ I A I 
lx-srcpos 
lx-cornm~nts 

NUME:HIC-LITEHAL 

sm-exp-type 
sm-value 3 
lx-numrep .. 131 -
lx-srcpos 
lx-commcnts 

where in DIANA tree 
A was defined. 

machine dependent type 
integer. 

Figure 3-1. EXAMPLE OF AN ADA STATEMENT AND ITS DIANA TREE. 
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Figure 3-1 is an example of an ADA . statement and its equivalent 

DIANA tree. The section of tree produced would be linked to the 

other statements in the block of statements, or to the block 

header. 

DIANA has proved easy to implement, especially due to the almost 

one to one mapping between each ADA production and each DIANA 

tree. 
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4. CHAPTER 4. THE f3YHT AX CHECKER. 

Four nodules conotitut e the Syntnx Checker. They are the lexical 

analyser , parser, dictionary and error message table. The pivot 

of these is the pars e r. It uses information from the other three 

oodules to do the syntax checking specified . 

CllAPTER 2 brief ly d8scribeo the function of these modules and this 

chapter will only discuss how ADA l1as been i~plernented using the 

facilities of the GSA 1100 parser. 

'.:'he parser is a top-down, look-ahead parser that uses the tables 

built from ttte lan~uu~c spucifications to control parsing. It can 

be envisaged as an int e rpreter that has a repertoire consisting of 

recognition, control and action instructions. 

Tl1 e token routine passes input r8cognised in the lexical analyser 

to the parser thr ough a "window''. Depending on the input and the 

present state of the parser , the appropriate action is taken. As 

input is recognis e d it is placed on the token stack available for 

semantic routines. 

Look-ahead is use d to resolve nmbicuities by specifying look-ahead 

at terminal symbols in the input stream . It is specified and 

interpreted as fo l lows : 

<ST ATEMENT> <NAr1IE> ( • (I <PAHAIVIE'.rmi_LIST> I) I ) 

? [ I :=I 

This is read as 

1 ) Accept a <NAME> . 

I. _ I . - <EXPRESSI ON> ]? I • I 

' 

2) If the next t oken is a 1
(

1 accept 1
(

1 <PAHAMETBR LIST> 1
)

1
• 

3) Look ahead at the next symbol. I • _I . - then accept If it is a 

'.-' to 4). If it is not I •- I . - then <BXPHESSION> and proceed 

proceed to 4. 

4) Accept a I ; I • 
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Sets are used to specify the r ecocn ition of any set of terminal 

sycbols e.g. all the name s tt1at could be parsed as identifiers. 

I nterspe rsed be t wee n tl1e productions making up the ADA language 

a re calls to the e rror messaGe routines indicating which error 

message to p ri nt and what r ecove ry is needed, calls to the token 

no dule routines controlling semantic checking, and calls to the 

DIAHA module dir ecting the production of the DIANA code. 

In implementing a syntax checker for ADA, the semantics of the 

language were ignore d and only the syntax considered. This was 

} ound to be amb i guous and ov e rspecified. Due to the structure of 

the GSA 1100 parser, these problems became the most difficult to 

s olve of those encount e r e d. 

Ambiguity means that at a certain point in the syntax, it is not 

clear fror.:1 the input item which path in the syntax is being 

f ollowed. Ov e rs pecification i s when alternate paths in the syntax 

cannot be distingui shed from one another. Overspecification is 

the worst case of ambiguity. 

4 .1. AMBIGUITY RES OLUTION. 

An example of t he kind of probleu encountered can be seen in the 

condensed ve r si on of th e following two productions (ADA manual 

sections 3.7.3, 4 -3 [ Military 1900 ] ) 

<CHOICE> : := <SI JI1 PLB_EXPRESSION> \ <DISCRETE_RANGE> \ OTHERS . 

<C OMPONENT ASSOC I ATION> ( <CHOICE> ( I I I 
I 

<J~XPHESSI ON> . 

Suppose a tok en is r ecognis ed as : 

<CHOICE> ) . . . => ) 

1 ) IDENTIJ?IEH. This r:1ay be parsed as a <DISCRETE_RANGE>, 

<S IMPLE EXPRESSION> or <EXPRESSI ON> . 

2) NAME . The same three options exist. 
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3) SH1PLE EXPRESSION. The same three options exist. 

It can be seen that ev~n after recognising a complex structure 

s uch as <Sir1PJ~E_EXPHES:3ION>, there is no way of knowing which path 

to follow. 

This ambiguity docs not exist only if an identifier is found, but 

also if a numbe r , CHARACTER_STRING, ALLOCATOR or left parenthesis 

is found. For e xample, say a '(' is found . The next token may be 

an expression of any complexity followed by the closing 

parenthesis ')' . The sequence "( EXPRESSION )" can be a 

p arenthesised EXPRESSION or an AGGREGATE. Both of these occur as 

a PRIMARY. Th i s may be recognised as <SINPLE_EXPRESSION>, 

<DISCRETE RANGE> or an <EXPRESSION>. 

Ambiguities occu r frequently, and where one occurs, it may involve 

many productions due to the design goal of a minimum number of 

underlying conc e pts. They are resolved in one of three ways, 

restructuring of the productions, through the use of look-ahead 

and with the aid of semantic information. 

Restructuring involves combining the ambiguous parts of each 

production to cr eate a new production used by the previous two 

ambiguous produc t ions. 

This technique may be used in conjuction with the look-ahead 

technique to resolve the ambiguity completely. (see example, 

f igure 4-1). Look-ahead is done only for terminal symbols. This 

may require specifying several terminal symbols before reaching 

one that will id e ntify which path to follow . 

In tl1e follow i ng exampl~, restructuring of the syntax and 

look-ahead have been used to resolve this simple ambiguity. 
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Figure 4-1. EXAMPLE SHOWING AMBIGUITY RESOLUTION BY RESTRUCTURING 

<DECLARATION> : := [ <TYPE DECLARATION> \ 

\ <OBJECT DECLARATION> 

\ <EXCEPTION DECLARATION> 

\ <NUMBEH_DECLARATION> ] . 

<OBJECT DECLARATION> 

<NUMBER DECLARATION> 

<IDENTIFIER LIST> I. I 

<SUBTYPE INDICATION> 

( I := 1 <EXPRESSION> ) 

<IDENTIFIER LIST> 

I := 1 <EXPRESSION> 

I • I 

I. I 

' 

<EXCEPTION DECLARATION> : := <IDENTIFIER LIST> 

( CONSTANT ) 

I. I 

' 

CONSTANT 

I • I EXCEPTION I. I 

' 

The ambiguity in the last three productions is clear, and can be 

resolved only aft e r the colon. An ambiguity still exists between 

<OBJECT DECLARATION> and <NUMBER_DECLARATION>, so look-ahead was 

used to look for t he assignment sign which identifies the number 

declaration. The resulting declarations are: 

<DECLARATION> [ <TYPE_DECLARATION> \ 

\ <IDENTIFIER_LIST> I. I 

[ <EXCEPTION_DECLARATION> \ 

?[ coNs'rAN'r I:= I : <NUMBER_DECLARATION> -> Q ]? 

<OBJECT DECLARATION> ] ] ~ Q . 

<OBJECT DECLARATI ON> 

<NUMBER DECLARATION> 

( CONSTANT ) 

<SUBTYPE INDICATION> 

( I :=I <EXPRESSION> ) 

CONSTANT 

I := 1 <EXPRESSION> I • I 

' 

I • I , 
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<EXCEPTION DECLAR AT ION> ::=EXCEPTION ';' . 

A common cause of ambiGuities wus the use of NAME. NAME starts 

vii th an IDEN'.riFI ER, wlwre an IDEN'l'IFIER is any sequence of 

le tters, digits und un<lerscore::;. Often the type of IDENTIFIER 

used was cont ext dependent and this was used in solving the 

ambiguities by semantics. 

Eve ry IDENTIFIER used in a DECLARATION was flagged as having a 

particular characteristic, e.g . variable identifiers, type 

i<le ntifiers, constant i<lentifiurs etc. Where it could be 

determined that a particular cont ext permitted only a 

type of ident i 1" i <H, tlt is is n.ll th a t was nllowe d. 

particular 

This idea 

worked very well but be came too re s trictive and began trapping 

se~antic errors befor e the syntax l1ad been checked . As a result, 

semantic checkinG of this sort is used with care . 

Another kind of s emantic checking used is where the path to take 

is determined by charact e ristics of the token just parsed . This 

method solved the terrible atnbiguity of NAME. An array reference 

has a subscri p t list which is all part of NAME and a 

PROCEDURE_CALL may have a PAHAMETEH LIST. With a PROCEDURE CALL 

only the procedur e NAME is parsed as part of NAME. 

Oversimplified, both start with a NM1E optionally followed by '(' 

IDEHTIFIEH. 'l'he arnbi{jUi ty is when the open parenthesis is 

r ecocnised. Is i t part of NAME or part of a PAHAMETER LIST?. 

This was resolv ed by checking to see if the NAME before it is an 

ar ray NAME. If so, the whole construct to the next close 

}Jarenthes is is pur sed as NAME oth e rwise the NA~m ends before the 

open parenthesis. 

In the article "Ada Syntax Diat;raiJs for Top- Down Analysis" 

[Bonet], R. BONET et AL discuss how they reduced the ADA syntax to 

be LL(1 ) . The metl1ods used are very similar to those used by the 
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UCT implementation. Their restructuring appears to be more 

ordered and they make greater use of semantic information to 

achi eve their goal . 

~he UCT syntax c he cker implements the whole of ADA (excluding the 

RENAMES clause and separate compilation) and does full error 

checking with r e cov e ry wh e re possible. There are areas which 

could be improv e d and th e ambiguities resolved in -a more efficient 

manner. This was not done as tt1e next phase in the development of 

the front end app e ared to be more challenging. 
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5. CHAPTER 5. THE TOKEN MODULE. 

Static semantic checking constitutes all checking that can be done 

at compile time. The procedures that do this checking are all 

found in MODULE TOKEN and use the tokens on the token stack 

together with their symbol table information. Results of this 

checking may be temporarily stored on the token stack for 

i mmediate re-use or stored in various other stacks and arrays 

linked to the symbol table. 

5. 1 . STRUCTUHE 01<' 'fllE SYMBOL TABLE. 

The symbol table i s a structure consisting of linke d lists of 

nodes, where each list header is accessible through a hashing 

function. Each no de is a symbol table entry and may be referenced 

t h rough a pointer to the s ymbol t a bl e . Symbol table entries take 

t h e form of a PLUS (Pro g rammin g Language for Univac Systems) 

r e cord, each f ield holding diffe r e nt semantic information or 

re f erences to other structures holding information. 

A s ymbol table entry occupies seve n words of storage. These are 

d iv ided into the fields illustra t e d in figure 5-1 which hold the 

fol lowing inf orma t i on: 

5 .1 .1. STRUCTURE . 

~ he structure of a token i s the numb e r of characters and words 

mak ing up the toke n, its lexical l e vel, block number and lexical 

t ype . Once a toke n has b e en identi f i e d by the lexical analyser, 

t he se values are known or calculated and stored for further 

r eference. 
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BITS p 3 6 9 1 2 1 5 18 21 24 27 30 33 36 
HORD 

1 PARSE TYPE NDr-1. CHARS LEX CLASS NUM. 
TYPE VALUE WORDS 

2 CLASS LEX LEVEL NEvi ENTRY BLOCK NUM. 

3 POINTER: NEXT-DICT POINTER: ITEM-LINK 

4 BASE COMP PARSE DEF IND I DIME DIM D D 
TYPE TYPE EX N NSIC LIN E y 

c NS K R N 
0 I A 
M v R 
p E R 
L D y 

5 POINTEH: TY PJ~-PTH POINTER: NEXT-VAR 

6 SM-DEFN BSETPE 

7 TPE-STRUCT UNUSED 

WORDS 1-5 CONTAIN INFORMATION FOR STATIC SEMANTIC CHECKING. 

WORDS 6-7 CONTAIN SEMANTIC INFORMATION USED BY THE DIANA MODULE. 

Figure 5-1. STRUCTURE OF A SYMBOL TABLE ENTRY. 

5.1 .2. SEMANTIC INFORMATION. 

Semantic information is divided into two catagories, the 

information used in the static semantic checking and the 

information necessary to complete the semantic pointers of DIANA 

nodes. 

In f ormation used for static semantics includes: 

1 ) PARSE-TYPE. A number used to identify a particular group of 

terminal symbols used in the parser. e.g. If an identifier is 
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defining a new typ e , th e identifier will have a parse-type 

indicating a type-name. 

2) PARSE-DEF. A number used to identify the type definition 

b e ing defined. e. g . Record, array. 

3) CLASS-VALUE. Each predefined type has a unique type number 

for identification. Bach user-defined type must also be given a 

unique type nunber. These are stored in the CLASS-VALUE field. 

This field is also used to indicate whether a variable is defined 

to be a constant. 

4) CLASS. Wit h in each CLASS-VALUE there may be several unique 

groupings to be i dentified. e.c. The type BOOLEAN has two 

values, TRUE and FALSE. 'rhey are defined to have a particular 

order and thi s is held in thi s f ield. 

The values for th e PARSE-TYPE, CLASS-VALUE, and CLASS may be 

pre-set in the dictionary. 

5 ) BASE-TYPE. The type of the first declaration in a string of 

declarations cons t itutes the base-type of a variable. Overloading 

nay require that tl1e base-type of a definition be used. This 

could be found by backtracking through the connecting pointers. 

The structure of the first declaration is useful in determining 

properties of a variable and this could also be obtained through 

backtracking. I f only backtracking were used the presence or 

absence of the certain properties would be recalculated each time 

a particular variable was 

holding the BASE-TYPE and 

used. Therefore 

component type 

two extra fields 

(COMP-TYPE) of 

declarations are included in each entry. The component type is 

only meaningful when a complex structure e.g. array or record is 

being defined. 

6) Various other fields indicate whether or not a type 

declaration is complete or derived and if the entry in the symbol 
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table is a new entry . If it is, certain semantic information oust 

be supplied and t he new entry information is used by a routine 

called from the pa rser. 

7) In each uutry for u11 array vuriable is a field holding the 

number of dimensions of the array. 

5.1 .3. POINTERS. 

Several tokens may constitute a COQplex structure, e . g . record. 

The elements of this structure are linked together by Pointers. 

Pointe rs are al s o uued to link variables to their type 

definitions . 

Numeric valueG and tlte results of expression evaluation are stored 

in arrays. The va lue of the indices to these various arrays are 

stored in particular fields in each entry. Arrays may have 

indices of differ e nt types. These types are stored in a type 

array and the position in this array is specific to a particular 

definiti on, and i s stored in the symbol table entry. 

5. 1 • 4. HEPH_ll;~_iE!I'l'/\'l'lOH . 

At the end of e very entry in the symbol table, the ASCII 

representation of the token is stored . The number of words needed 

to do this is calculated uy the routine token and is stored in the 

symbol table for f uture use. 

DIANA symbol tau l e information is completed and referenced in the 

DIAHA module. 
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Figure 5-2 shows the basic symbol table entry showing linkage for 

the following extract of ADA. 

TY PE ONE IS RECORD 

D,E INTEGER 

F FLOAT 

EN D RECORD ; 

TWO : ONE ; 

Figure 5-2. SYMBOL TABLE LINKAGE. 

"DII 

"INTEGEH 11 

"E" 

II l i' It 

"l•'LOAT II 

"'L'WO II 

KEY: 

2 3 4 5 6 
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figure 5-2. CONTINUED. 

PARSE-TYPE of entry. 

2: PARSE-DEF of entry. 

3: Pointer linking the record definition to the first elencnt of 

every list in the component list. 

4: Pointer linking e l ements making up each list in the component 

list. 

5: Type point e r linking the variable to its type definition. 

6: Representation. 

5.2. FUNCTION OF THE TOKEN MODULE. 

5.2.1. PRE-PARSER PROCESSING. 

Lexical units are constructed by the lexical analyser and passed 

to the token proce dure of the token module with the number of 

characters constituting the unit. The token procedure uses the 

number of charact e rs to calculate the nunbcr of words the symbol 

will occupy, and the hashing function value needed to access the 

symbol table. It then searches through the synbol table, using 

the hashing information to establish if the symbol has been 

entered before. I f not, a new entry is created. This new entry 

contains the symbol representation, parse and lexical types (which 

remain the same until the parse-type is modified during 

post-parser processing), number of characters and number of words 

making up the symbol, and a flag which is set to indicate that a 

new entry has been created. Once the entry has been created a 

check is rnade to see if it is an identifier or a special symbol. 

If it is an i dentifier, it could be a reserved word which has 
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special propertie s defined in the dictionary. 

The results of this check, direct the token procedure to , return 

either the token to be passed to the parser, or to search the 

dictionary for ad ditional information before returning the token. 

The dictionary supplies the token entry of specified tokens with 

the parse-type, class and class-value. If the tokens are not 

specified in the d ictionary, these fields will be -completed during 

post-parser proce s sing. 

The search of the symbol table will often result in a match. This 

may or may not be a legal occurrence of the token so the token, 

with its semantic information is returned to the parser for 

post-parser proce s sing. 

5.2.2. POST-PARSER PROCESSING. 

DECLARATIONS. 

CHAPTER 4 refers to using semantic information to solve 

ambiguities in the ADA language. The semantic information used is 

that obtained from the declarations of the variables and their 

types. 

ADA defines several forms of named entities, the most important 

being TYPE, NUMBER and OBJECT declarations. Each TYPE DECLARATION 

de:f ines a particular structure e . g. record, array, access type, 

etc. Each DECLARATION creates an IDENTIFIER with a special 

function and properties, and perhaps structure. This information 

must be encoded into the symbol table, and this is done through 

calls from the parser. 

Every declarative production initiates a call to a "declaration" 

procedure in the token module. This procedure accepts the token 

created or found during pre-parser processing. If the new entry 
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f lag is true, it is an IDENTIFIER that has not been declared 

before, ' and th e PJ\RSE-'.rYPE field can be completed without any 

f urther processing. This routine may encounter identifiers that 

have been decla red before, either at an earlier lexical level or 

in error. If the new entry flag is false , the lexical level of 

the symbol table entry and the current lexical level are compared. 

An error has occured if the levels are the same, but if they are 

different a new e ntry is created for the IDENTIFIER. 

The entry for the IDENTIFIER is marked with a pointer to enable it 

to be completed a s more s ~mantic information pertaining to its 

declaration becomes known. J\ call from the parser would indicate 

the type of structure bcinc defin e d and this is entered in the 

PARSE-def field of the entry . 

The pointers are all created from one entry to another as a result 

of calls from the parser. 

Every time the symbol is referenced in a production that is not a 

declaration, th e above information is available for use in 

semantic checking. Figure 5-2 indicates that this semantic 

information cons titutes the most important fields in the symbol 

table . The rema i ning fields are completed during the parsing of 

the body of the program. 

SCOPE. 

Scope is an important factor in any computer language. Where the 

same variable is b e ing defined twice, the symbol table relies on 

lexical levels to determine wh e ther the definition is a legal 

redefinition of an inner level, or an error. 

The token module houses routines that increment and decrement 

block numbers and lexical levels at the appropriate times. 
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INITIALISATION. 

The token routine performs certain initialising routines. 

It assigns initi a l values and properties to the predefined types 

e. g . INTEGER, FLOA T, BOOLEAN etc. Th ey have been defined to have 

a lexical level of zero a·nd may be redefined by the user at a 

higher lexical leve l. Thus each of these types is an entry in the 

symbol table and may be referred to just as any other entry. Any 

predefined entry that may be redefined must be initialised in 

token and not in the dictionary because the dictionary only allows 

one definition of each key word, whereas the token routine is 

structured to allow redefinition of identifiers at different 

lexical levels. 

Flags, arrays and counters are explicitly initialised when they 

are declared, or in an initialising procedure. 

STRUCTURES AND STACKS USED BY THE TOKEN MODULE. 

1) The token stack is a stack created by the parser. Tokens of a 

production are loaded on to this stack and are accessed by the 

seoantic routines. Each token on the stack may be linked to its 

symbol table entry to enable the semantic routines to access the 

in f ormation of the token. Using this stack, each token entry can 

be traversed and eva luated or inspected. A pointer indicates the 

current position in the stack and may be moved along the stack for 

wh a tever processing is required. The implementor may add entries 

· to this stack fo r semantic use and it is through this stack and 

its pointers tl1at most of the semantic checking is performed and 

transferred to the s ymbol table. 

2) Each declaration of an array may have several indices, each of 

vrhich may have diff e rent types. These types are stored in an 

array . The number of d i r:1 ens ions of the array dec 1 a ration is 
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stored in the symbol table entry for tl1at array and its nucber of 

indices is therefore known. The index to the type-array which 

refers to the type of the first index is stored in the symbol 

table and by using the number of dimensions field in the symbol 

table the others may be located for subscript checking . Used in 

conjunction with this type-array is a bound-array. It is used not 

only for array variable s but for any variables with an associated 

range. If the ran ge is static, the bounds of the range are stored 

in this bound-array where they are accessed for range checking . A 

similar mechanism to that of the type-array index is used for the 

bound-array. 

3) Numeric strings are converted to their equivalent numeric 

value and stored in one of two arrays . There is an array for 

storing reals and one for integers. Once a string has been 

converted, its v a lue is linke d to the symbol table entry. The 

next identical string recognised need not be converted to its 

numeric equivalent as this has been stored. 

4) Type compatibility is a major part of the static semantic 

checking. A compl ex structure may not necessarily be used in its 

cost complex form, thus type checking does not involve using the 

base type of a structure. Often the type of an intermediate 

structure is temp orarily required and after some processing, the 

type of the next staGe of the structure is required . An array of 

pointers is used to keep particular positions in the structure for 

fur ther reference. This array works as a stack, increasing and 

decreasing with complexity of the structure . 
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1:XArULE. 

TYPE R IS ARRAY ( 1 . • 1 0) OP INTEGBH 

TYPES IS ARRAY(10 •. 20) OF IN'fEGEH 

TYPE S1 IS ARRAY(10 .. 20) OF FLOAT 

TYPE U IS ARRAY(1 .• 10) OF S1 

I INTEGER 

B S 

A R 

ll u 

D(B(I))(A(I)) := 3.4 

Sequence of events. 

1) Find the type of D( ) . 
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2) Check subsript type B(I). This entails leaving the current 

chain of backtracking to ascertain the type of B( ) and then 

checking the index I. Once B(I) has been verified against the 

subscript type of U, control must return to the chain of 

backtracking which reached D( ) to continue with D( ) ( ) . This 

is done by storing the symbol table entry pointed to by the 

backtracking pointer in the array of pointers. This method 

continues until the type of the structure has been reached. 

Using the Game deelaraLlun:..;, and introducing the declaration 

E : S1 ; 

D(3) .- E is legal. 

This is an instance when the sequence of backtracking events does 

not need to go all the way to the base type. 
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5) · Static semantics involve evaluating static expressions. The 

operands of an expression are not evaluated in a sequential 

~anner. Intermediate results, and types needed for re-use are 

stored using two stacks, one for the values and one for the types. 

The stack with the intermediate types also indicates whether the 

result of an evaluation is a constant. This is used in 

overloading resolution of arithmetic expressions. · 

Several other stacks are used in particular procedures to perforo 

very specific tasks . 

OVERLOADING. 

The UCT-front end does not yet cater ior overloading of the form: 

~YPE COLOUR IS (RED,GREEN,YELLOW,BLUE,ORANGE) 

TYPE RAINBOW IS (RED,ORANGE,GREEN) 

VARCOLOUR : COLOUR ; 

VARRAINBOW : RAINBOW 

VARCOLOUR := RED ; 

~he last statement may cause an error as the type checking routine 

may identify RED as being of type RAINBOW instead of COLOUR. This 

is because the t oken procedure which sets up the symbol table 

allows only one occurrence of an identifier at any particular 

lexical level. In the above uxumple tt1ere are two occurrences of 

RED, ORANGE, and GREEN and an error would have been produced when 

an attempt was mad e to parse the type declarations. 

This characteristic gave rise to several problems. The first is 

that the ADA language specification insists that overloading be 

allowed and the UCT-front end does not allow it. The second is 
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that records are an intocral part of the language. Not to be able 

to use the same name for fields in two different r eco rds seemed a 

limitation to the user. The later problem was solved in the 

~ol lowing oanner . 

Conside r the decla rations 

TYPE A1 IS RECORD 

B : INTEGER 

END RECORD 

C 1 : A 1 

TYPE ~2 I0 RECORD 

B : FLOAT ; 

END RECORD 

C2 : A2 ; 

Both fields B have different properties and therefore cannot use 

the same symbol table ent ry. The symbol table constructing 

routine allows identifiers with the same name at different lexical 

levels . 

The field B is nev e r r cfc: r encnrl without nomn rnf n ronco to tho 

v u.r iable of type ~ 1 or II C. . 'L' lw eomponen ts o1· each record are 

linked to the r 8cord definition ( see section 5.1 for structure). 

Therefore, for the duration of the type declaration, the lexical 

level is increas e d to store the components of the record. Once 

the record has bee n stored, the lexical level is decreased and all 

links from the has h table to the record components are removed. 

This results in t he record components only being accessible 

through their type declarations. Once accessed, the component has 

all the properties of a normal variable. 

The problem then b e came how to access the component again for use 

and type checking. 

The only two AD A notations for using the components of a record 

are 

1) the point notation e . g. C1 .B and 

2) through the us e of an at_;crogate e . ~ . C1 (B=>2). 
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In both of these, t he C1 i~ l)reount and can be used to access B by 

tracing the pointe r s of the structure. 

This is achieved by setting a flag when a or '(' is 

encountered. Before processing the next token a check is 

performed to see if the token preceeding the '.' or '(' is a 

record, or is derived frohl a record. If it is, then the pointers 

are used to identi f y the next token and not the hash table method. 

~his solution works well and allows different records to have 

fields with the sahle 

addition it allows 

values. 

names and differing characteristics. In 

the use of ac~regates to set initial default 

The other form of overloading that was overcome by this 

iQplementation was that of overloading within an arithmetic 

expression. This may occur across types where one operand is a 

numeric constant and the ott~er is of a type derived from the same 

type as the numeric constant. This was achieved simply by 

evaluating both the type and base type of each operand. If one of 

the operands is a constant, then the base types are used for type 

compatibility, the result is a "constant", and has the type and 

base type of the original constant in the operation. This 

mechanism also caters for arithmetic where operands of different 

specified types are allowed and the result is also specified e.g. 

~ixed * float = fixed. 

EVALUATION OF NUMERIC LITEHALS. 

Evaluation of numorio lito1·uls is not done according to the ADA 

specification. The UCT-front end evaluates two types of numbers, 

integer and real. The inteGer numbers are referred to as ADA 

UNIVERSAL INTBGEH and the 

All nuceric literals are 

real numbers as ADA UNIVERSAL FIXED. 

constants. If evaluation of an 
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txpression indicates that a particular constant should have had 

type float anc.l not fixed , this is rectified. 

Every ent~y in th e symbol table is uac.le up of the information 

relating to the e ntry followed by the ASCII representation of the 

token . The token s aru stored four characters to a word and froc 

the token entry one knows how many words make up the token. Using 

this inforuation each numuric strinG iH conv~rted into its 

eq_ui valent dccimu.l vu.luu. The 1autllod used is to decimalise each 

character by tak i ng tt1c nu~eric value of the character and 

r.mltiplying tl1i[.::J lJy thu ba:..;e o:f tlt8 nurabur, creating a cuoulative 

decimal f..:quival(:}n t of tllu input. u.~ . 1'he hexadecilllal number 12 

would be evaluat ed uc 1*16+2 = decimal 18 and hexadecimal 122 

w o u 1 d g i v e ( ( 1 -J<· 1 () + 2 ) ·q (J ) + ~ . 

A check is made to unuure that no <llci t greater than the base of 

the number is used in its specification. 

TYPE CHECKING. 

Type checkin~ covers many areas . There is arithmetic type 

checking , paraue t er type checking, subscript type checking , 

aggregate type ch ucking , range checking, checking the type of 

initialising value:-; am! checkin(i the type mark of a ran ge 

constraint with the type of the range. This implementation does 

all of the above c xcupt the typ~ checking for at;Gregates. 

In the cajority of ln::;tance:> the two operands must have the sace 

type , but for durivuJ types and to resove overloading, they must 

have the sar:w l.J:...t.!.::le typu. 'l'llc major difficulty in implementing 

this occurs when the operands are array accesses . The array 

subsc ript type has to be matched with the array definition and the 

array component type witt1 its value. The component type is only 

determined when the operator separating the operands is reached, 
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which may be af t er several other operators have been reached in 

the subscript. 

Evaluating the type of an operand is a recursive procedure, and is 

repeated to find the type of each array subscript. Several levels 

of subscripting nay exist and these levels are demarcated using 

the array of point e rs. 

All instances of t ype checking use the same procedure to find the 

type of the operand. The base type of the operand is also 

determined for u s e witl1 overloading, derived and access types. 

Each subprogram declaration is linked in the same manner as a 

record declaration. ParaQeter checking therefore involves 

following the pointers of the structure to find the formal 

parameters, and matching these with the actual parameters when 

positional notation is 

except the struct ure 

used. Named notation is very similar 

may need to be traversed more than once if 

the named parameters are not in the same order as the formal 

parameters . The type compatibility between the parameter name and 

its value is check e d, and this indirectly checks that the naoe is 

a valid formal parameter of the called procedure. The sane method 

will be used for aggregates . 

The ADA language specification explicitly states the typing rules 

for the arithmet i c operators. These were implemented through a 

case statement, one case for each operator. This catered for all 

expressi ons where the type of the operands was universal integer 

or real, or both operands were of the identical type but not for 

expressions wher e the operand types were derived from the 

universal types. The base type of each operand was introduced to 

cater for instances of "legal" mixed 1:1ode arithmetic. 
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TYPE A IS 1 . . 1 0; 

B CONSTANT := 3; 

C INTEGER 

D A 

BEGIN 

c . - 5 --LEGAL 

D . - 3 --LEGAL 

D .- B --LEGAL 

D .- c --ILLEGAL 

END 

Figure 5-3. EXAMPLE SIIOWING ASSIGNMENT TYPE COMPATIBILITY. 
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t·1 u l t i p l i cat i on and division operators proved interesting. 

Operations using these operators are allowed between operands of 

the same base type. Mixed mode arithmeti c with these is only 

allowed between i nteger and fixed point operands. If the 

operation between t hese two types is multiplication , the result is 

of type fixed. For division, only the left operand type may be 

fixed and the r esult is fixed. If both operands are fixed, the 

result is that of UNIVEHSAL FIXED. 

These rules have be en implemented by flagging operands of type 

universal as constants, and using this information when storing 

the eventual type of the result. 

Assignment is a special operation included in the case statement 

for operators. The same rules are applied when checking the type 

validity of variable initialisation. Two routines are required 

for these two occurrences of an assignment statement because the 

routine that determines the type of an operand uses the token 

stack, and relies on different kinds of tokens to mark the 

beginning of an operand. These Qarkers are particular to the 

context. 
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A + B 

A ( 1 ) ( B ( 1 ) ) • C- 3 

A : B : = NBv/ C 

OPEHANDS J\HE A 

OPERANDS J\HB J\( 1) (B( 1)). C 

OPJ~HJ\UD~3 J\ln: J3 

B 

3 

c 

l~igure 5-4. Jo:X/\MPLJt: 0}' POSSIBLE OPERANDS. 
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Range checking requir<..:s some type checking and bound checking if 

the bounds are static expressions. The type checking is of two 

kinds: 

1 ) The type mark of the range constraint must be compatible with 

the expressions denoting the range. 

2) The expressions denoting the range must be type compatible. 

The type checking routines use the same routine to determine the 

type of the operands. If none of the type checking fails, range 

checking is performed and the relevant error messages returned. 

An important area in this type checkinG is when to use the base 

type of the type mark. The bounds of a range are often of type 

UNIVERSAL INTEGER, FIXED or FLOAT and in these instances the base 

type must be used. This is not correct when variables of other 

types are used to derine a range. 

SUHDRY FUNCTIONS OF TIIE TOKEN MODUI1E. 

Sundry functions of the TOKEN MODULE include: procedures giving 

order to enumeration types; checking valid use of procedure and 

entry names; storing the bounds ior arrays and static expressions; 

evaluating expressions for storage in DIANA nodes; finding the 

type of number declarations; counting array bounds; evaluating and 

storing the expression after the DIGITS or DELTA in accuracy 

constraints; assigning tlte type and range of loop parameters; 

keeping note of whether an array is dynamic and h~s enough bounds 

specified for it. 
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6 . CHAPTER 6. THE DIANA MODULE. 

DIANA is the intermediate code used to create the interface of the 

UCT -ADA front end with the rest of the ADA compiler or ADA tools 

that may be designed. The code produced is in the form of an 

abstract syntax tr~e where each of the nodes of the tree have 

predefined attributes indicating certain semantic or syntactic 

properties. 

This tree is represented by a linked list where each element of 

the list is a node in the tree. Bach node has the sane basic 

structure . The attributes of the nodes have various meanings 

depending on their node type. 

APPENDIX IIa and IIb illustrate un example of some ADA f ragments 

and their equivalent DIANA abstract syntax tree. 

6.1. THE UCT IMPLEMENTATION OF DIANA. 

Each node is r epresented by a record in PLUS (the language used 

for this module) and uses fifteen words of storage. The record is 

subdivided in the following manner: 

1) Box-type. Th is is a nine bit integer used by the implementor 

to group alternat e nod es with the same function in a structure. 

It is of no use to anyone e lse. 

2) Box-kind. Thi8 nine bit integer is the unique number that 

identifies each node ac a SJ)l~cific noue type. Interpretation of 

this is vital to a ny user of the front end . 

3) Reference. There are twelve of' these eighteen bit integer 

~ie lds present in each record. They represent pointers to other 

nodes in the tree. The first has the partipular function of 

giving the node i ts unique sequence number for reference by other 
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nodes. 

4) Value. Four one word value fields are provided to store any 

nuoeric values . They are defined to be of type real and any user 

of the DIANA tree can determine if the value stored was an integer 

by looking at the other attributes of the node . 

5) Boolean . This is a one bit integer field that occurs six 

ti~nes. The first four occurences are linked to the value field . 

Ev e ry time a value is stored tt1e corresponding boolean is set. 

~his is necessary as the value field is initialised to zero. If 

the boolean is set the value was actually stored, even if it is 

zero. The remaininG bits are for attributes that are stored as 

true or false. 

6) Rep. Four one word logical fields store the representation of 

each token in the foro it is input. If the token contains more 

than 16 characters , nodes will be linked together to store the 

remaining characte r s. 

6.1 .1. INTERPRETATION OF EACH NODE. 

The box-type is of no use to anyone but the implementor so may be 

ignored . Appendix III gives a list of nodes (according to the 

DIANA MANUAL [ Goos 1981 ] ) with their corresponding unique 

box-kind number, and the structure of each node showing what 

re~erences map to which attributes of each DIANA node . 

Certain attributes have been catered for but not implemented yet 

so will not be mentioned. They are the attributes that contain 

certain semantic information, information that is machine 

dependent (i.e. cd-a ttr i butes in the manual) and any attributes 

that require a boolean result . The comment attrtbute and source 

position attribute have not been irnplemented but have been 
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provided for. The comment attribute is not mentioned whereas the 

source position is in APPENDIX III. 

The references with particular meanings are: 

One: This is the sequence numb e r of the node and is generated by 

the program. Each new node ge ts a unique sequence number. These 

s tart from e 1 e ven an cl ~w q u onc e n u m 1 )( ~ r n on e to t c n n. r e usc d for 

iHlp lementation characteristics e .g. predefined type integer, 

f loat, string etc. 

Eleven: If the token being 

characters, special nodes 

groups of sixteen characters. 

eleven of successive nodes. 

are 

stored 

created 

has 

to 

more than sixteen 

hold the subsequent 

These are linked through reference 

The number of nodes created will be 

sufficient to store the complete token. 

Twelve: In ADA there may be lists of things. e.g. 

IDENTIFIER LIST. These correspond to lists in DIANA. Each list 

has a particular list head e r. The header node links to the first 

element of the list ttarough reference two, and this element links 

to the next through reference twelve. All remaining elements of 

the list are linked through reference twelve. 

APPENDIX IIc illustrates the DIANA representation produced by the 

U C'l'-iron t end 1or the examp.le given in APPENDIX I I a and I Ib. 

DIAN A nodes are p roduced as the ADA syntax demands. The calls to 

the DIANA produci n~ module are interspersed in the parser and 

static semantic check ing routines. Once a syntax or semantic 

er ror is found, t he production of DIANA stops. 

Th e DIANA MODULE has an array of size fifty. (This is set by a 

constant 'NO-OF-BOXES'). As each node is produced, it is stored 

in this array and kept there until it has 

Completed means that all possible attributes 

semantic) have be e n assigned a value, and any 

been completed. 

(structural and 

other node that 
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s hould be linked to it, either has been linked to it or its 

sequence numb e r has been s tored oowewhcre for reference. Once a 

node is cor:Jyl ete it 111uy be written out. Nodes are generally 

written out a structure at a time . 

stateoent 

A : = 3; 

cay generate th e following nod es : 

1) ASSIGU node. 

2) USED-NAME-NODE nod e . 

3) NUMERIC-LIT ER AL node. 

E . g . The oimple assignoent 

Nodes two and t h re e above muy l1ave been complex structures. E.g. 

A.B := 3*4+5 ; 

If this had been tt1e statement, it would have been pointless to 

write out the box for A and 3 , before completing the box for B and 

*4+5 . The ASSIGN node will not be completed until the next 

statement is re a ched be cause it must be linked to the next 

statement. Writing . out a "strucutre" means that when the next 

statement (or termination point) is reached, all nodes making up 

the previous s t a t emen t or strucutre are written out. 

Once a node has been written out, the array element that held that 

node is cleared to be re-us e d. The array thus functi ons as a 

circularly linked list . 

Appendix IIc illuat r atua that th e order in which the nodes of the 

DIANA tr ee are gene rat e d is llaplla~ard when compared with the 

logical position of the nod es in the tree. This often iiJplies 

that a tree is produced without there being a need fo r it. No 

other nodes r efe r e nce it, and it just floats. 

For example, as each part of an expressi on is parsed, a tree is 

constructed and the sequence number of the root is stored. A new 

root for the whole expression is created as the tree grows. This 
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ne w root must r eplace ttte old root. Once the complete expression 

h<UJ been par:J<:d, tltal; r·ool; mu:;L lw Linked us the bet;inning of the 

cxp rcosion. 

This is accomplished tttrough a stack which keeps track of the root 

of the tree being dealt with. As a new root is formed, all 

references to the old root must be chan~ed to point to the new 

root. All r efe r ences to the exp ressi on must be to the root of the 

wh ole tree, which may only be known once the tr ee is completed. 

+ 
1\ * -----)-+ * B 

1\ 1\ 
4 3 4 3 

Ji' igure 6-1 . (4-l<-3+B)/A 

6. 2. STACKS AND S'£HUC'£LJHE:3 USED IN THE DIANA NODULE. 

One of the des ign principles of DIANA is "regularity" so 

structures produced are oft e n v e ry similar. ADA allows nesting of 

st ructures within each othe r. This makes scope a very important 

!actor in the production of DIANA. Several different stacks have 

been used to over c ome the problem of scope. 

Stacks play a vit a l role in the DIANA module. They are used to 

prevent linking of structures across nesting levels, block levels 

and to aid linkage when complex structures are dealt with. 

Eve ry list in DIANA has a list heade r. Once the header has been 

linked to the first it e m of its list, there is no need to keep the 

heade r nod e in lllelllor_y, but; t.li e J>O:Jit.ion of the header node is 

required so that the entire list may be written out once the 

structure is cor:~p le t (.) . Tlwre i s a stack which keeps the box-kind 
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of the headers that have bee n written out and their sequence 

numbers. Once thei r corr esponding structures have been written 

out, they are removed f rom the s t a ck. 

Bl ocks may be nested within one another. The attributes and 

st ructures of the out e rnos t block will be completed only when · the 

in ne r blocks a re complete. Linkage of nodes is not always in the 

backward dir ection , i.e. s ome a ttributes cannot be completed until 

iu rther nod es have be e n Ge ne r a t e d. The number of these further 

no des may be randow, r esulting in the necessity to search through 

the as yet incomplete nod es , find the required node and link it to 

the node just (;lm e n.itl;d. 'l'hur e wty be several incomplete nodes of 

the same kind, each belonging to a different block in the list. 

As the list i s circula r and node s are not written out until 

complete, th e r e is no guarant ee that the first node found is the 

correct one. 

The nesting of blocks is proper nes ting. This was used to create 

a block-stack which holds the sequence number of the first node 

ge nerated in each block. Ev e ry time a node is searched for (once 

the correct node k ind i s found) a check is done to ensure tl1at the 

sequence number of th e node is g r eat e r than or equal to the first 

sequence numb e r of the block. Once a block is exited, all 

remaining nod es of tha t block a re writt en out using the sequence 

number stored in t he block-stack for that block. The stack top is 

the n QOVed down by on e . 

~he same id ea is use d with a s t a t eme nt stack. 

~tatements i s l i nk e d together, 

Co nsider the f ol lowin G example . 

reference. 

and these 

The line 

Each sequence of 

may also be nested. 

nuubers are for 
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BEGIN 

c .- 0 

2 B .- 0 

3 A .- 3 

4 WHILE A < 10 LOOP 

5 A := A + 1; 

6 IF (A * 2) > 10 THEN 

7 

8 

9 

1 () 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

END 

IF c 

A 

ELSE 

A 

B 

c 

ELSE 

13 

c 

END 

LOOP 

> B 

. -

.-

18 END IF; 

19 D := 10; 

20 END ; 

B + 1; 

c + 2; 

II + ' ) . . - ,_' 

. - c + 1 • 
' 

Il~; 

THEN 

C· 
' 

B 

:F'igure 6-2. 
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In this example th e re are several sequences of statements. The 

following line numbers form the different sequences. 

1) 1, 2, 3, 4, 14, 19 

2) 5, 6 

3) 7, e 

4) 10, 11 

5) 1 5 

6) 17 
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Th e most complex stack used is the one called "seq-no-store". ADA 

as a language is ambiguous. Many of the ambiguities were overcome 

by restructurin g the syntax, or by using look-ahead. 

Co nsequently, in many yroductions a node is generated before the 

ac tual structure b ei ng parsed has been defined. The structure 

ll8adt:r is there1or e only cerwratt.:d in the middl e of the structure 

and must still be linke d to its components, an~-other nodes must 

be linked to it. The production of DIANA often assumes that the 

next node to be generated will be the header node of the following 

st ructure. 

Wh erever this problem occurs in the ADA syntax, use is made of the 

"seq-no- s tor e " stack. Productions are nested so a stack is ideal. 

Each time a production is e ntered and a node is generated before 

it s header, the sequence numb e r of this node is stored on the 

stack, and the stack top incr emen t ed . When the header is finally 

ge nerated, the sequence numb e r on the stack indicates the first 

component of that structure, and it also indicates the sequence 

number which has been referenced instead of the header. This 

means that all r efe r e nces to this sequence number can be changed 

to refe r to the current hc!adc:r . /1 -ll rr.f<~rt) llC.:< ~G on the otnck arc 

als o changed so tttat if a ne w h eader ~hould occur higher in the 

nesting structure , th e stack will have a record of the existing 

header. This mechanism is us ed in the building of expression 

trees and name tr ees . 

In expression, a t eac h l e v e l of the parse tree, the stack is 

incremented and t he sequ e nce numb e r of the next node to be 

ge nerated is stored. As the parse tree backtracks, the stack is 

de cremented level by level. Th e same is done with name. 

In the following e xample of name, the kind of name is only 

de teroined at the '(' or ' • • ~.g. A(F.W(I)) 
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Th e DIANA nodes are generated in the following way: 

SEQUENCE NOS. 
ON STACK 

1 3 

1 4 

1 4 

1 6 

1 6 

ADA 
TOKBN 

A 

F 

w 

( 

I 

) 

) 

NODE 
0BQ-NO 

2 

3 

4 

5 

G 

7 

TYPE OF 
NODE 

USED-NAME-ID 

INDEXED 

USED-HM1E--ID 

SELECTED 

U:JED-NAfvlE-ID 

INDEXED 

USED-NAME-ID 

Figure 6-3. 

TREE 
DEVELOPMENT 

A 

INDEXED 
/ 

J\. 

IUDBXBD 
·~ 
A F 

INDEXED 
/""-. 

A SELECTED 
/ 

F 

INDEXED 
/"'-. 

A SELECTED 
/"'-

F \·1 

INDEXED 
/""-. 

A INDEXED 
/ 
SELECTED 

/"-... 
F W 

INDEXED 

A~NDEXED 
SELECTE0I 

/""-. 
F 1:1 
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Stacks are there fo re no important to the DIANA module as the token 

oodule is to the f ront end. All the problems created by the scope 

rules , nesting, and by ambicuitieo , have been solved using stacks. 
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6 .3. STRUCTURE OF THE MODULE. 

~h e DIANA module i s ma de up of two major procedures with several 

others supporting theo. Each procedure is one large case 

s tatement, wh e r e each c ase ma y b e called from outside tl1e module 

o r within the modul e . 

Procedure " ge nr a t e-di a na-ooxes " i s the case statement which 

p roduces the nod es . It al s o c a ll s the routin e s which manipulate 

t h e circularly linke d list to det e rmine where to put the newly 

c reated node. 

Each unique box-kind is not produc e d by one particular constituent 

c a se. Several cases may produce the same box-kind but they may 

have different box-types, or acquire their attributes at different 

tines, or be a p a rticular box-kind that is produced in two 

d ifferent context s . 

The main f unction o f thi s routine is to produce and complete the 

DIANA nodes concurr e ntly as far as possible. Certain attributes 

can only be compl e ted once several other nodes have been produced. 

Th erefore there mu s t b e a furth e r procedure that enables this 

p rocedure to sea rch b a ckwards through the nodes, find a particular 

no de and compl e t e th e r e quir e d attribute. The procedure that does 

th is searches f or a particula r box-kind and then checks to see 

that the nod e f ou nd i s in the corr e ct block. 

i.'h e second ma jor p roc e dure is cal l e d procdeure "polishing". Its 

pu rpose is to d o a ny "tidying up" that is n e ed e d. The cases 

making up this case s tat e me nt ar e called from particular places 

wh ere special pr o c e ssing is requir e d. When structures need to be 

written out, a cal l will be made to this routine which will find 

th e required head e r nod e , s e e what its sequence number is and call 

t he writing out r outine. Certain attributes can be completed at 
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various points in the ADA synt ax. At these points, this routine 

will be called a nd the relevant inf ormation completed. 

All the stack i ncr ementing a nd decrementing and setting and 

r esetting of f l ags i s done through this case statement. Semantic 

values are r e ce i ve d a nd trans f 8rr ed to the relevant nodes through 

p rocedure "polish ing ". 

I f any attribut es r equire alt e ration, this routine finds the 

relevant nodes a nd alters the fi e lds. This is mainly used where 

t he ADA structu re ca nnot be identified immediately, and a basic 

s tructure is c reat <~ d. Onc e th e actual structure has been 

i dentified, the .1J a s ic structure is changed. 

Consider the ADA syntax f or the IDENTIFIER LIST of a 

NUf1BER_DECLARATION, OJ3JECT_DECJJAHATION, EXCEPTION_DECLARATION, 

COMPONENT LIST a nd DISCRIMINANT LIST. It is identical in all of 

t he above exampl es and consequently they all generate the 

I DENTIFIER LI ST s tructur e . DIANA differentiates between them all 

by generating NUMBER-ID, VAH-ID, EXCEPTION-ID, COMPONENT-ID and 

DISCRIMINANT-In nod es. All thes e nodes have the same basic 

s tructure but ar e di ffe rent box-k inds. At the end of each list, 

vrhen it can be de termin ed in the ADA syntax with which list is 

be ing dealt, proce dure "polishing " is called and the relevant case 

f i nds the l is t heade r a nd changes a ll components of that list to 

their correct un i que box-kind. 

6 .4. SEMANTIC I NFORMATION. 

An important fe a t ure of tl1e DIANA tr ee is the s emantic information 

i t holds. Th e UCT-front e nd do e s the static semantic checking 

using the ADA s ymbol t a bl e and the r esults are passed to the DIANA 

structure (through procedure "polishing"). As this information 



CllAPTEH G. 'L'Il.E VIANA ~10DlJJ;J•; . -62 

comes from the AVA uy rnbol table, the oymbol table oust be visible 

at all timc c . 

~he UCT-front end uses the symbol table to store certain DIANA 

attributes tl1at may be referenced by other nodes further down the 

tree once the oriuinal nodes have been output. 

The attributes held in the symbol table used by the DIANA module 

are sequence numbers which point to various characteristics of a 

definiti on. They correspond to the foll owing semantic attributes: 

1) SM-DEFN. The sequence number where a particular identifier is 

declared. 

2) SM-TYPE-STRUCTURE. ~ype structure refe rs to the node giving 

the structure of the type e.g. record, integer, array. Each time 

a new type is defined, sm-type-struct is set. For derived types 

or access types, it is the structure of the first type definition. 

3) SM-BASE-TYPE. Contrary to type structure, this attribute is 

that of the last type declaration in a sequence of declarations. 

4) SN-CONSTHAINT. This attribute is that of the most recent 

const raint imposed on the particular identifier. 

The base type of the range node of a range or range constraint is 

als o obtained from information held in the ADA symbol table. 

6.5 . OUTPUT OF THE DIANA TREE. 

Each structure is written out as it is completed. This output is 

to a sequential disc file which must then be sorted with the key 

being each node sequence number for further use, or be used as a 

random access file . Nodes belonging to a particular structure 

will not necessarily be together on the file. In the formation of 

a list, as the nodes are linked, they are written out to avoid 

overwriting a link that already exists . Due to nesting, although 
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the body of a block may be written out, the header would only be 

written out much later wh8n the nuxt block at the same level was 

encountered. 

Each record is output to a file as a string of characters. The 

record length is 120 characters. As PLUS has no random access 

facilities, a sequential file was produced. 

The internal representation for DIANA used by the UCT-front end is 

in accordance with the specifications of the DIANA manual [Goes 

1981]. The representation used for .the DIANA nodes is similar to 

the structure of the nodes as specified in tl1e manual and it would 

therefore be possible to write a driver routine which could 

translate the representation used into any desired form. 
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,-
7. CIIAP'l'BH '7. WOHKBD Jt;XA!I'lPJ~BS USING THE UCT-ADA FRONT END. 

7 . 1 • EXAf.1PLE 1 • 

This sicple example illustrates the three areas covered by the 

UCT-front end. 

Figure 7-1 is the program run with syntax errors. The error 

cessage indicate s what the syntax error is and where error 

recovery begins. 

Figure 7-2 is the program run with deliberate semantic errors. 

The first error i s the simplest foro of type incompatibility. The 

second is also a type mismatch but is not an obvious error . I-1 .0 

is legal, float - float . The error occurs because the function 

FACT returns an integer and therefore I*FACT( ) is illegal i.e. 

::.' loat * integer. 

Figure 7-3 is the correct program compiled producing the DIANA 

given in figure 7-4. 
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PiGurc 7-1. 

©RELOCATES.FINA11 ,81 
ADA SCANNER VBliSI ON U.C.T 190j 03/20/03 12:46:09 

1 1 0 --TEST2 
2 1 0 FUNCTION FACT(I: INTEGER) RETURN INTEGER IS 
3 2 0 BEGIN 
4 2 0 IF I = 1 
5 2 0 RETURN 1 ; 

***ERROR*** 182 ' TIIEN' EXPECTED , RESERVED-WORD RETURN AT 
LINE 5 COL 5 SKIPS AND RECOVEHS TO RETURN AT LINE 5 COL 5 

6 2 0 ELSE 
7 2 0 RETURN I*FACT(I-1) ; 
8 2 0 END IF 
9 2 0 END FACT ; 

***ERROR*** 202 ' ;I EXPECTED , IlESERVED-WORD END AT 
LINE 9 COL 1 SKI PS AND RECOVERS TO END AT LINE 9 COL 
***** END PROCESSING 2 ERRORS 

Figure 7-2. 

©RELOCATES.FINAL1 ,SL 
AD A SCANNER VERS I ON U.C.T 1903 03/20/83 12:49:37 

1 1 0 --TEST2 
2 1 0 FUNCTION FACT(I: FLOAT) RETURN INTEGER IS 
3 2 0 BEGIN 
4 2 0 IF I = 1 THEN 

***ERROR*** 504 OPEHANDS OF DIFFERENT TYPES. 
5 2 0 RETURN 1 ; 
6 2 0 ELSE 
7 2 0 RETURN I*FACT(I-1 .0) ; 

***ERROR*** 510 OPERANDS OF ILLEGAL TYPES FOR THIS OPERATION . 
8 2 0 END IF ; 
9 2 0 END FACT ; 

***** END PROCESSING 2 ~RRORS 

-65 
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Figure 7-3. 

©RELOCATES.FIUA11 , SL 
ADA SCANNER VBRSION U.C.T 1~U3 03/20/83 12:39:49 

1 1 0 --TE0'1'2 
2 1 0 FUNCTION FACT(!: INTEGER) RETURN INTEGER IS 
3 2 0 BEGIN 
4 2 0 IF I = 1 THEN 
5 2 0 RETURN 1 ; 
6 2 0 ELSE 
7 2 0 RETURN I*FACT(I-1) 
0 2 0 END IF ; 
9 2 0 END FACT ; 

***** END PROCESS ING 0 ERRORS 

Pigure 7-4. 

28 1 1 1 2 0 0 0 0 0 0 
0 0.00000 .00000 00 

11 0 1 5 1 6 0 0 0 0 0 0 
0 0.00000 .00000 00 

72 1 6 1 7 1 9 21 0 0 0 0 
0 0.00000 .00000 00 

70 17 18 0 0 0 0 0 0 
0 0.00000 .00000 00 

73 18 1 9 21 0 0 0 0 0 
0 0.00000 .00000 OOI 

33 1 9 20 0 4 4 0 0 0 
0 0.00000 .00000 00 

1 57 20 4 0 0 0 0 0 0 
0 0.00000 .00000 OOINTEGER 

1 66 21 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

61 1 3 1 5 22 0 0 0 0 0 
0 0.00000 .00000 00 

63 14 13 25 0 0 0 0 0 
0 0.00000 .00000 OOFACT 

33 22 23 0 4 4 0 0 0 
0 0.00000 .00000 00 

1 57 23 4 0 0 0 0 0 0 
0 0.00000 .00000 OOINTEGEH 

1 37 24 14 1 3 25 0 0 0 0 
0 0.00000 .00000 00 

1 34 26 27 0 0 0 0 0 0 
0 0.00000 .00000 00 

134 34 35 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 26 35 36 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 36 4 0 0 0 0 0 0 
0 0.10000+001 .00000 1 01 

29 28 30 34 0 0 0 0 0 
0 37.00000 .00000 00 
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0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
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29 37 38 39 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 34 39 40 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

109 47 49 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 26 40 4 2 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 41 1 u 0 0 0 0 0 0 0 0 
0 45.00000 .ooooo OOI 

6.2 42 t1 '7 · :J tltl- 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 43 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OO-l<· 

1 09 44 41 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

62 45 46 47 0 4 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 46 1 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOl<'ACT 

1 57 48 18 0 0 0 0 0 0 0 0 o · 52.00000 .00000 OOI 
62 49 50 51 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 50 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00-
109 51 48 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 52 4 0 0 0 0 0 0 0 0 

0 0.10000+001 .00000 1 01 
71 27 2D () () 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 29 H3 0 0 0 0 0 0 0 0 

0 33.00000 .00000 OOI 
62 30 31 32 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
138 31 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00= 
1 09 32 29 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 . 33 4 0 0 0 0 0 0 0 0 

0 0.10000+001 .00000 1 01 
1 66 38 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 9 25 0 26 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
27 1 2 0 0 24 0 0 0 0 0 0 

0 0.00000 .00000 00 
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7.2. EXAMPLE 2 . 

This example introduces interesting features of ADA, that of an 

i ncomplete type d eclaration , and the access type declaration. 

Default initial value s are specified for the record LEADER and a 

f unction is defined and called within the program. 

Figure 7-? illus t rates syntactic and semantic errors . Notice that 

because of the error in the definition of TREF, all variables of 

type TREF are no t recognised as record variables. As a result of 

the method use d to store records, the record components can only 

b e accessed throuch the record variable name resulting in the 

g eneration of se veral unneccessary error messages. 

Figure 7-6 is t he syntactically correct program and APPENDIX IVa 

is the DIANA out put by the UCT-front end . 
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lo' igure 7-5. 

@RELOCATES.FINAL1 ,SL 
ADA SCANNER VERSION U.C.T 1903 03121103 22:12:43 

1 1 0 --EX91--
2 1 0 PROCEDURE TSORT IS --TOPOLOGICAL SORT 
3 1 0 TYPE LEADER ; 
4 2 0 TYPE TRAILER ; 
5 2 0 TYPE LREF IS ACCESS LEADER 
6 2 0 TYPE TREF IS ACCESS ; 

***ERROR*** 202 1
; 

1 EXPECTED , RESERVED-WORD TYPE AT 
LINE 6 COL 3 SKIPS AND RECOVERS TO TYPE AT LINE G. COL 3 
***ERROR*** 260 <'l'YPE HAHK> EXPECTED , SPECIAL ; AT 
LINE 6 COL 24 SKIPS AND RECOVERS TO ; AT LINE 6 COL 24 

7 2 0 TYPE LEADER IS 
8 2 0 RECORD 
9 3 0 KEY 

10 3 0 COUNT 
11 3 0 TRAIL 
12 3 0 NXT 
13 3 0 END RECORD; 

: IN'l.'EGER 
: INTEGER 
: THE.P 

LHEJt' 

14 2 0 TYPE TRAILER IS 
15 2 0 RECORD 
1 6 4 0 ID : LimF 
17 4 0 NXT : THEF ; 
1 8 4 0 END HECORD ; 
19 2 0 IIEAD,TAIL,P,Q LREF; 
20 2 0 T : TREF; 
21 2 0 Z : INTEGER 

:= 0; 
:= 0 ; 
:= NULL; 

.- NULL; 

22 2 0 X,Y : INTEGER; 
23 2 0 FUNCTION L(W:INTEGER) RETURN LREF IS 
24 5 0 H : LREF ; 
25 5 0 BEGIN 
26 5 0 H := HEAD ; 
27 5 0 TAIL.KEY := H; 
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***ERROR*** 508 ASSIGNMENT ATTEMPTED BETWEEN OPERANDS OF DIFFERENT 
TYPES . 

28 5 
***ERROR*** 

29 . 6 
30 6 
31 5 
32 5 

-.~. *·li-EHHOR-l<·-i<·-l<· 
LIUE 32 COL 

33 5 
34 5 
35 5 
36 5 
37 5 
38 5 
39 5 
40 2 
41 2 
42 2 
43 2 
44 2 
45 2 

0 WHILE TAIL.KEY I= T LOOP 
504 OPEHANDS OF Dil<,l"EHENT TYPES. 
0 ll := H.NXT; 
0 EHD LOOP; 
0 Il•' 11 = TAIL 
0 TAIL := NEW LEADER; 
1 e2 ''.rtmN I EXPEC'l'lm , VAHIABLE-ID TAIL AT 
8 SKIPS AND RECOVERS TO TAIL AT LINE 32 COL 8 
0 Z:=Z+1; 
0 H.COUNT := 0; 
0 H.TRAIL := NULL 
0 li.NX'.r .- TAIL; 
0 END IF 
0 RETURN li; 
0 END 1; 
0 BEGIN 
0 HEAD := NEW LEADEH; 
0 TAIL := HEAD; 
0 z := 0; 
0 GE'l' (X); 
0 WHILE X I= 0 LOOP 



46 7 0 c J•:'l' ( y) ; 
47 7 0 PUT (X); PUT(Y); 
48 7 0 P := :L(1.1); 

***ERROR*** 534 FORMAL AND ACTUAL PARAMETERS MIS-MATCHED 
49 7 0 Q := L(Y); 
50 7 0 1' := NBvJ 'fHAILEH(ID =>NULL, NXT =NULL); 

***ERROR*** 510 OPJ~TIAND8 0]t' ILJ,J•:GAT, TYPl~S FOH THIS OPEHATION . 
51 7 0 T.ID := 0; 

-i( 
11 *EHHOJP··X··)(· 1 JU UNJU:COUNIZAJ.l .Ll~ ~)'J'A'l'J~MEN'.r , IDEN'l'Ilt'IER ID AT 

LINE 51 COL 7 SKIPS AND RECOVER~ TO ID AT LINE 51 COL 7 
***ERROR*** 528 UNDECJ~AHED IDEN'J'IFIEit . 

52 7 0 '1'. 1-IX'l' : = P. 'l'HAI.lJ; 
***ERROR*** 156 UNHECOUNIZADLE ~TATJ~MENT , IDENTIFIER NXT AT 
LINE 52 COL 7 ~KIPS AND RECOVERS TO NXT AT LINE 52 COL 7 
***ERROR*** 528 UNDECLARED IDENTIFIER . 

53 7 0 P . 'l'H A IJJ . - T ; 
54 7 0 Q.COUNT .- Q.COUNT +1; 
55 7 0 GET(X); 
56 7 0 END LOOP; 
57 2 0 P := IIEAD; 
58 2 0 HEAD := NULL; 
59 2 0 \'IHILE p I= TAIL J~OOP 
60 8 0 Q := p ; 
61 8 0 P := P.NXT; 
62 8 0 IF Q.COUNT = 0 THEN 
63 8 0 Q.NX'f := HEAD; 
64 8 0 HEAD := Q; 
65 U 0 END IF ; 
66 8 0 END LOOP ; 
67 2 0 Q := HEAD ; 
68 2 0 OUTEH : VlliiLE Q I= NULL LOOP 
69 9 0 PUT(Q.KEY); 
70 9 0 z : = z - 1 ; 
71 9 0 'f := Q.THAIL; 
72 9 0 Q := Q.NXT; 

· 73 9 0 INNEH : V/IIILE T I= NULL LOOP 
74 10 0 P := T.ID; 

***EHROR* -l<-* 15G UNHECOGNIZABJ~E ~3TA'fm•1.t.;NT , IDEN'fiFIEH ID AT 
LINE 74 COL 21 SK I PS AND RECOVER~ TO ID AT LINE 74 COL 21 
***ERROR*** 532 I NVALID ENTRY CALL OR PROCEDURE CALL. 

75 10 0 P.COUNT := P.COUNT -1; 
76 10 0 IF P.COUNT = 0 THEN 
77 10 0 P.NXT := Q ; 
78 10 0 Q : = p; 
79 10 0 END IF; 
80 10 0 T := T.NXT; 

***ERHOR*** 156 UNRECOGNIZ ABLE STATEMENT , IDENTIFIER NXT AT 
LINE 80 COL 21 SKIPS AND RECOVERS TO NXT AT LINE 80 COL 21 
***ERROR*** 5)2 I NVALID RN'fRY CALL 011 PROCEDUim CALL. 

81 10 0 END LOOP INNER; 
82 9 0 END LOOP OUTER; 
83 2 0 IF Z = 0 THEN 
84 2 0 PUT ( '1 Tlii S SE'f IS NOT PARTIALLY ORDERED. 11

); 

85 2 0 END IF ; 
86 2 0 END TSORT; 

***** EUD PROCESS ING 15 ERRORS 

-70 
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Figure 7-6. 

@HE10CATES.FINA11 ,SL 
ADA SCANNER VERSION U.C.T 1983 03121183 22:24:16 

1 1 0 --EX91--
2 1 0 PROCEDURE TSORT IS --TOPOLOGICAL SORT 
3 1 0 TYPE LEADER ; 
4 2 0 TYPE TRAILER ; 
5 2 0 TYPE LHEF IS ACCESS LEADER ; 
6 2 0 TYPE THEF IS ACCESS TRAILER ; 
7 2 0 TYPE LEADER IS 
8 2 0 RECORD 
9 j 0 KEY 

10 3 0 COUNT 
11 3 0 TH/\IL 
12 3 0 NXT 
1) ) () END UJ•:CUHD; 

: IN'l'EG EH 
: IN'fEGEH 
: 'rHEF 

J,HKJi' 

14 2 0 'l'YPE '.lH/\ILEH IS 
15 2 0 RECORD 
1 6 4 0 I D . : J~ n J~Ji' 
1 7 4 0 NX'l' : 'l'HElo' ; 
18 4 0 END RECORD ; 
19 2 0 IIBAD,TAIL,P,Q LHEF; 
20 2 0 T : TREF; 
2 1 2 0 Z : INTEGER 

:= 0; 
:= 0 ; 
:= NULL; 

• - NUJ,T,; 

22 2 0 X,Y : INTEGER; 
23 2 0 FUNCTION L( \r/: INTEGE!{) RETURN LREF IS 
24 5 0 lT : LRElo' ; 
25 5 0 BEGIN 
26 5 0 H := HEAD ; 
27 5 0 TAIL.KEY := W; 
28 5 0 \r/liiLE 'TAIL. KEY I= w LOOP 
29 6 0 H := H.NXT; 
30 6 0 END LOOP; 
31 5 0 IF H = TAIL 
32 5 0 THEN 
33 5 0 TAIL := NEW LEADER; 
34 5 0 z : = z + 1 ; 
35 5 0 H.COUNT := 0; 
3 6 5 0 li . T 11 A I L : = N U 1L 
37 5 0 ll.NX'l' := 'l'/\I1; 
38 5 0 END IF 
39 5 0 rmTUUN II; 
40 5 0 END 1; 
41 2 0 BJ•:GIN 
4 ~ 2 0 Jl J•;tdJ : =-- J'H:H JJJ!:A JH:H; 
43 2 0 'l'AIL := ![[~AD; 

44 2 0 z := 0; 
45 2 0 GET(X); 
46 2 0 \JJll1J~ X I= 0 LOOP 
4 7 7 0 G E'r ( Y ) ; 
48 7 0 PUT(X); PUT(Y); 
49 7 0 P := L(X); 
50 7 0 Q := L(Y); 
51 7 0 T := NEW TRAILER(ID => NULL, NXT = 
52 7 0 T.ID := Q; 
53 7 0 T.NXT := P.TRAIL; 
54 7 0 P.TRAIL := T; 
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55 7 0 O.COU.N'f . - Q.COUNT +1 ; 
56 7 0 GET(X) ; 
57 7 0 END LOOP ; 
58 2 0 P . - HJ~AD; 

59 2 0 HEAD .- NULL; 
60 2 0 \t/lliJJJ~ P ./ = TAIL T100P 
61 8 0 Q .- p ; 
62 8 0 P .- P. NXT; 
63 8 0 11•' Q. COUN'f = 0 'fHEN 
64 8 0 Q. NXT .- HEAD; 
65 8 0 HEAD .- Q; 
66 8 0 END IF ; 
67 . 8 0 END LOOP ; 
68 2 0 Q .- l!EAD ; 
69 2 0 OUTER : WHILE Q I= NULL LOOP 
70 9 0 PUT ( Q. KEY) ; 
71 9 0 z . - z - 1; 
72 9 0 T .- Q.TRAIL; 
73 9 0 Q .- Q. NXT; 
74 9 0 INNBH WHILE T I= NULL LOOP 
75 10 0 P . ~ ~L'.ID; 
76 10 0 P.COUNT := ,P.COUNT -1; 
77 10 0 IF P. COUNT = 0 THEN 
78 10 0 P.NXT .- Q ; 
79 10 0 Q . - p; 
80 10 0 BND IF; 
81 1 0 0 T . - T. NXT; 
82 10 0 END LOOP INNER; 
83 9 0 END LOOP OUTER; 
84 2 0 IF Z = 0 THEN 
85 2 0 PUT("'l'IIIS SET IS NOT PARTIALLY ORDEHED . "); 
86 2 0 END IF , 
87 2 0 END TSORT; 

***** END PROCESSING 0 ERRORS 
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7. 3 . EXAr1PLE 3 . 

This example illustrates that the syntax checker validates the 

s yntax for most of ADA antl not just the "PASCAL" subset. An 

interesting feature of this progra1n is the use of an aggregate to 

i nitialise the va lues o1' ttw array of type WORK-\'/EEK~ 

1•' igure 7-7. 

©RELOCATES.FINAL1 ,SL 
ADA SCANNER VERSION U.C.T 1983 03/21/83 22:44:57 

1 1 0 PACKAGE WORK DATA IS 
2 1 0 TYPE DAY IS(MON,TUES,WED,THU,FRI,SAT,SUN); 
3 1 0 TYPE TIME IS DELTA 0.01 RANGE 0.0 .. 24.0 ; 
4 1 0 TYPE WORK \'lEEK IS ARRAY(MON .. SUN) OF TIME 
5 1 0 NOm1A T, I!OUH S : CON f> 'P. ANT WOnK \f!i:J~K : = ( ~10N • • Fni 

=> U.O , HAT .. SUN=> 0.0) 
6 0 END ; 
7 0 FUNCTION OVERTIME(ACTUAL: WORK WEEK) 

RETURN FLOAT IS -
8 2 0 OVER : FLOAT := 0 . 0; 
9 2 0 I : INTEGER ; 

10 2 0 BEGIN 
11 2 0 FOR I IN DAY LOOP 
12 3 0 OVER :=OVER+ FLOAT(ACTUAL(I)) 

- FLOAT(NORMAL HOURS(!)) 
13 3 0 END LOOP ; -
14 2 0 RETURN OVER ; 
1 5 2 0 END OVEH1'IME ; 
16 1 0 FUNCTION SALARY(RATE: FLOAT ; 

HOURS : WOHK vllmK) RE'rURN FJJOAT IS 
17 4 0 PAY , EXC~SS : FLOAT ; 
18 4 0 BEGIN 
19 4 0 l~XCESS := OVEHTHm(IIOURS); 
20 4 0 IF EXCBSS < 0.0 THEN 
21 4 0 PAY := (40.0 + EXCESS) * RATE ; 
22 4 0 ELSE 
23 4 0 PAY := 40 . 0 -*HA'.rJ~ + 2.0*EXCESS*RATE; 
24 4 0 END IF; 
25 4 0 HE'rUHN PAY; 
2 6 4 0 BND SAJ,AHY; 

***** END PROCESSING 0 EHRORS 
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7 . 4. EXAr•lPLE 4. 

This exaQple agai n includes features not covered by the semantic 

and code generation phases of this thesis. It was used to check 

that loop parameters could be used in expressions with the loop 

parameter having the correct default type. 

Figure 7-8. 

@RELOCATES.FINAL1 ,SL 
ADA SCANNER VEH GION U.C.T 1903 03/21/03 22:58:19 

1 1 0 PACKAGE AHHAYTmJ'r IS PRIVATE END 
2 1 0 PACKAGE BODY AHHAY'rJ<.:ST IS 
3 2 0 JJOOP/\11H AY : AlWAY ( 1 .. 10 ) 01" INTEGER 
4 2 0 J : INTBUBH ; 
5 2 0 BEGIN 
6 2 0 FOR I IN 1 .. 10 LOOP 
7 3 0 LOOP/\RRAY (I) 
8 3 0 BND LOOP ; 

I . 
' 

9 2 0 FOR J IN 3 .• 12 LOOP 
10 4 0 LOOPAHHAY ( J - 3 ) := LOOPARRAY ( J -3) 

+ LOOPARRAY(J) 
11 4 0 END LOOP; 
12 2 0 END ; 

***** END PROCESSING 0 ERRORS 
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Figure 7-9 illur1trateG other error::.; that may occur. 

Figure 7-10 iG the corrected prograr11 and the DIANA produced may be 

f ound in APPENDIX IVb. 

Figure 7-9. 

©RELOCATES .FINAL1 ,SL 
ADA 8CANNBl1 

1 1 
2 1 
3 1 
4 2 
5 2 
6 2 
7 3 
8 ) 
9 3 

10 3 
11 2 
1 2 2 
1 3 2 

1 4 4 
1 5 4 
1 6 4 
1 7 4 
18 4 
1 9 4 

***ERROR*-** 
20 5 
21 5 
22 5 
23 5 
24 5 
25 4 
26 4 
~~'I 11 
28 4 
29 4 

***ERROR*** 
TY PES . 

30 4 
31 4 
32 4 
33 4 
34 2 
35 6 
36 6 
37 7 
38 7 
39 7 
40 7 

V:lm :JIOH U.C.'l' 1005 0)/'.!1/U) 2):~1:~9 
0 --EX90--
0 PROCEDURE INSERT IS --LINEAR LIST INSERTION. 
0 TYPE NODE; 
0 TYPE REF IS ACCESS NODE 
0 TYPE NODE IS 
o rn.:cOJ-m 
0 KEY : INTEGER ; 
0 COUNT : INTEGER 
0 NXT : REF 
0 END RECOHD ; 
0 K : IN'rEUEH ; 
0 HOOT : ]{gp := !~EVJ NODE(O,O,NULL) ; 
0 PROCEDUHE DEAHCH(X : INTEGER ; BASE 

IN OlJ'r REI") IS 
0 W : REF ; 
0 B : BOOLEAN 
0 BEGIN 
0 W := BASE 
0 B := TRUE ; 
0 WHILE W LOOP 
514 CONDITION MUST BE A BOOLEAN EXPRESSION. 
0 IF W.KEY = X 
0 THEN B .- FALSE ; 
0 ELSE W := W.NXT ; 
0 END IF ; 
0 END LOOP ; 
0 IF B THEN -- NEW ENTRY 
0 W : = BASE ; 
0 1\/\::1•:: . IH;~1 NCJIH:(O,U , NUJ,JJ) ; 
0 ll/\SE.KEY : = X ; 
0 BASE.COUNT := 1.1; 
508 A0SIGNMENT ATTEMPTED BETWEEN OPERANDS OF DIFFERENT 

0 BLSJ<~ 
0 W.COUNT . - W.COUNT + 1 . 

' 0 END I ro~ ; 
0 END SEARCH ; 
0 PHOCEDURE PHINTLIS'r ( V: REF) IS 
0 BJ~GIN 
0 WHILE v I= NULJJ LOOP 
0 PU'l1 (V .KEY); 
0 PU'r ( V. COUNT); 
0 v := V.NXT 
0 END JJOOP . 

' 
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41 6 0 END PHIN'fLIS'.r; 
42 2 0 BEGIN -- MAIN PHOGTIAM 
43 2 0 GET(K); 
44 2 o \vi!IJ,J~ K 1 = o 
4 5 U 0 3J~AHCH ( K, H001') ; 

***ERROR*** 1 50 ' LOOP' l~~XPJ~CTED , PHOCEDURE-ID SEARCH AT 
LI UE 45 COL 5 SKI PS AND HBCOVBRS TO SEARCH AT LINE 45 COL 5 

46 B 0 GET(K) ; 
47 8 0 END LOOP ; 
48 2 0 PRINTLI ST(TIOOT) 
49 2 0 END IN SERT ; 

***** END PROCESSI NG 3 ERRORS 
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l"igure 7-10. 

©RELOCATES.FINAL1 , :.:>L 
ADA SCAIWER VERSION U.C.T 1983 03121183 23:04:33 

1 1 0 --EX~0--
2 1 0 PHOCJ.t.:DUHE INSEHT I S --LINEAR LIS~ IN:.:>ERTION. 
3 1 0 TYPE NODE; 
4 2 0 TYPE REF IS ACCES8 NODE 
5 2 0 TYPE NODE IS 
6 2 0 RECORD 
7 3 0 KEY : INTEGJm , 
8 3 0 COUNT : INTEGER 
9 3 0 NXT : REF 

10 3 0 END HECOHD ; 
1 1 2 0 K : IN '1' EG .E H ; 
12 2 0 ROOT : REP :=NEW NUDE (O,O,NULL) , 
1 3 2 0 PROCBDUHJ~ SJ~AHCII (X : INTEGER ; BASE 

IN OUT REF) IS 
14 4 0 W : REF ; 
15 4 0 B: BOOLEAN 
16 4 0 BEGIN 
1 7 4 0 \V : = BASE 
18 4 0 B := TRUE ; 
19 4 0 WHILE W I= NULL AND BLOOP 
20 5 0 IF W.KEY = X 
21 5 0 THEN B . - FALSE ; 
22 5 0 ELSE W := W.NXT ; 
23 5 0 END IF ; 
24 5 0 END LOOP ; 
25 4 0 IF B THEN -- NEW ENTRY 
26 4 0 W := BASE ; 
27 4 0 BASE : = NEW NODE(O,O,NULL) 
28 4 0 BASE.KEY := X ; 
29 4 0 BASE.COUNT := 1 ; 
30 4 0 ELSE 
31 4 0 W.COUNT := W.COUNT + 1; 
32 4 0 END IF ; 
33 4 0 END SEAHCII ; 
34 2 0 PROCEDURE PHIN'rLIST(V:HEF) IS 
35 6 0 llBGIN 
3 6 6 0 . VIIIILf~ v I= NULL JJOOP 
37 7 0 PUT(V.KEY); 
3e 7 0 PUT(V.COUNT); 
)9 7 0 V := V.NXT ; 
40 7 0 BND LOOP ; 
41 6 0 END PHIN'rLIS'r; 
42 2 0 BEGIN -- fJJAIN PHOGHAM 
43 2 0 GET(K); 
44 2 0 WHILE K I= 0 LOOP 
45 U 0 SEARCH(K ,ROOT); 
46 8 0 GET(K) ; 
47 8 0 END LOOP ; 
48 2 0 PRINTLIST(ROOT) 
49 2 0 END INSERT ; 

***** END PROCESS I NG 0 ERRORS 
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7.6. EXAMPLE 6. 

EXAMPLE 6 is not a sensible example and was produced to illustrate 

the DIANA produced for sequences of statements. This may be found 

in APPENDIX IVc. 
F i gu r e 7 -1 1 • 

©RELOCATES.FINAL1 , SL 
ADA SCANNER VERSI ON U.C.T 1903 03/21/03 23:26:19 . 

1 1 0 
2 1 0 
3 2 0 
4 2 0 
5 2 0 
6 2 0 
7 2 0 
8 2 0 
9 2 0 

10 2 0 
11 2 .0 
1 2 2 0 
13 2 0 
14 2 0 
1 5 3 0 
16 3 0 
17 3 0 
18 4 0 
1 9 4 0 
20 4 0 
21 4 0 
22 4 0 
23 3 0 
24 5 0 
25 5 0 
26 5 0 
27 3 0 
28 3 0 
29 3 0 
30 3 0 
31 3 0 
32 3 0 
33 2 0 
34 6 0 
35 6 0 
36 6 0 
37 6 0 
38 2 0 
39 7 0 
40 7 0 
41 7 0 
42 7 0 
43 7 0 
44 7 0 
45 7 0 

PHOCEDURE V IS 
TYPE INTEGER I$ RANGE 1 .. 50; 
TYPE COLOUR IS (RED, ORANGE, YELLOW,GREEN) 
HOBOT : COJJOUH ; 
V AH2 , V AH 1 : IN'l'EGEH ; 
BEGIN 
<<LAB1 >> VAH1 .- 2 ; 
<<LAll2>> <<LAll3>> VAH2 .- VAR1 
VAH2 . - 1 0 ; 
NULL , 
GOTO LAB2 ; 
GOTO 1AB1 ; 
GO'l'O 1AB3 ; 
<<LAB4>> NAMED1 : LOOP 

CASE VAR1 IS 
WHEN 1\2 => 

NAMED2 

NAMED) 

DECLARE 
VAR4 : FLOAT 

BEGIN 
VAR4 .- 4.5 * 3.3 
VAR4 .- VAR4 ** 2 

END ; 
WHEN 3 => LOOP 

V AR 1 : = V AR 1 + , 
EXIT WHEN VAR1 = 10 

END LOOP , 
WHEN OTHERS => NULL , 
END CASE , 
V AR 1 . - V AR2 , 
VAR2 .- 20 ; 
EXIT NAMED1 ; 
END LOOP NAMED1 ; 
FOR I IN COLOUR LOOP 
VAH1 . - VAR1 + 1 ; 
VAH2 .- VAR2 + VAR1 ; 
EXI'.r NAfvlJ.:D2 WilEN VAR1 = 3 
END LOOP ; 
DJ~CLAHE 

VAH3 : PLOA'.r 
JJEGIN 

VAH) .- j.j , 
IIi' VAH1 = VAR2 
'l'HEN 

VAR3 .- 6.6 
END 1}1 

, 
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46 7 0 END ; 
47 2 0 \VIIILE VAR1 < 10 LOOP 
48 8 0 IF' VAR2 = 10 
49 8 0 THEN 
50 8 0 VAH1 5 ; 
51 8 0 ELSIF VAR2 = 9 
52 u 0 '.r H.EN 
53 8 0 VAH1 . - 7 ; 
54 8 0 I~L~>I l•' V AR2 = 7 
55 8 0 THEN 
56 e 0 VAR1 .- 5 
57 8 0 B.L0E 
58 8 0 VAH1 . - 3 
59 8 0 Jo:ND IF ' 60 8 0 EXI'l' ; 
61 8 0 END LOOP 

' 62 2 0 FOR J IN REVERSE GREEN .. RED LOOP 
63 9 0 ROBOT . - J ' 64 9 0. RETURN ; 
G5 9 0 RETURN VAR1 
66 9 0 NULL ; 
67 9 0 END LOOP . 

' 68 2 0 ROBOT . - GREEN 
69 2 0 END ; 

***** END PROCESSING 0 EHIWRS 
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0. CHAPTER 8. CONCLUSION. 

'.(he purpose of t his thesis was the production of a front end 

processor for a subset of ADA. This goal has been achieved for 

the "PASCAL" subs e t of ADA with several other structures included 

but not explicitly mentioned. The processor runs on a Univac 1100 

system and was produced by using a compiler generator package for 

the syntax checke1· , PLUS routines for the semantic analysis and 

code generation. I t produces an internal form of DIANA consistent 

with the DIANA specification. 

This output is being U8ed by several honours students at the 

University of Cap e Town who are designing programming environment 

tools for ADA. 

Experience has been gained in using the compiler generator package 

GSA 1100, and many of the problems encountered by the implementors 

at the University of Cape Town have been subsequently reported in 

the literature [ Bonet ] [ Harrison 1982 ] [ Winkler 1981 ]. It 

appears that the solutions used by other implementors coincide 

favourably with those used in the UCT-front end processor. 

In undertaking tl1is project greater insight has been achieved into 

the ADA programrJing language, DIANA, and the area of program 

environments. The project provides a basis for further research. 
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9. APPENDIX I. TilE LEXICAL SPECIPICATION FOR UCT-ADA. 

$OPTS L.EX 
ASCII 

SPARAM END FILE 
BASED NUI'·mEH 
CHAHACTBR LI'l'Jm AL 
CHARACTER-STHING 
DEC I r·1AL NUMBBH 
IDENTIFIBH 
ILLEGAL 
SPECIAL 

$NON-TERM <TOKEN> 

$SET $(ILLEGALS]$ 

$PROD 
<TOKEN> .. -

[ S] [ 

$~DIGIT]$ 
$ LETTEH]$ 
$ SIGN]$ 
$ SPECIALS]$ 
$~STHINGCHAHS]$ 
$ COMMENTCHAHS]$ 
$ BASEAHITH]$ 
$ [ CliAHACTBH.LI'f] :j) 

... TOKEN II ( $[ SP EOI, EOC ]$ -> TOKEN 

I $(LETTER]~ ( ' ' [ I $[ $(LETTEH]$ $(DIGIT]$ j$ <* 20 => ILLEGAL 
I $[ $[LETTER]$ $(DIGIT]$ ]$ ) 

=> IDENTIFIER 

$[SPECIALS]$ => SPECIAL 
' - ' ~ '>' i ' . ' ) => SPECIAL . 
' ' ' I => SPECIAL . . 
t *I ( 1*1 ) => SPECIAL 
t • I ( I_ I ) => SPECIAL 
'I I ( I _I ) => SPECIAL 
t) I ( I _I \ I) I ) => SPECIAL 
t (I 

~ 
I _I 

i I (I \ I) I ) => SPECIAL 
t ( I t ) I => SPECIAL 
II t I I $ t I I => SPECIAL I 

? EOF $ 1@1 $ lEI $ 101 ,,, IFI => END l"ILE -.> -

$[ILLEGALS]$ <* 55 => ILLEGAL 

Ill?[ $[CHARACTERLIT]$ Ill. 

) 

~ 
\ 

\ 

~ 
\ 
\ 
\ 
\ 

~ 
\ 

\ 

\ 

** 

$ ( CIIARACTEHJ,IT] $ 1 ' 1 => CHARACTER LITERAL ] ? 
=> SPECIAL \-

1"1 A LIT [ $[STRINGCJIARS]~~ -> JJI'.r \ 1111 \? EOL <* 10$ '"' . \ 
? $[ EOF .. BAD]$<* 40 :li '"' ] ( // '"'->LIT) 

-81 
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= > CHAnACTBH_STRING \ 

8[DIGIT]$ "( II ' __ ' r. :l;[JJICl'J']~; \ (-l<· ' jO => ILJJBGAL ] \$[DIGIT]$ ) 

[ [ 'II' \ 11 ':' :~ 'II' J L :j;[ :G[nrur·r]:Ji $[BASBAniTII]$ ]::> 
\ <* j~ => ILLEGAL ] 

( II I I [ $[ $[DIGIT]$ $[DASBARITH]$ J$ \ <* 30 => ILLEGAL J \ 
- $[ $[DIGIT]$ $(BASEARITH]$ ]$ ) ..• 

?[ I. I I.' : =>BASED NUMBER]? 
( I. I [ $[ $[DIGIT]$ $TDASEAIU'£1·1]$ ]$ \ <* )5 => ILLEGAL ] 
( # I I [ $[ $[DIGIT]$ $[BASEARITH]$ ]$ 
\ <* 30 => ILLEGAL ]. \ $[ :Ji[DIGI'£]$ :i>[DASEARI'rll]$ ]$ ) ... ) 
[ [ 'li' \ # ':' $ '1f'] \ <* )6 =>ILLEGAL] -
( 1 $[ 'e' 'E' ]$ ( $[SIGN]$ ) [ $[DIGIT]$ \ <* 35 · => ILLEGAL ] 
(#I I [$[DIGIT]$\<* 30 =>ILLEGAL]\ $[DIGIT]$) ••• ) 

- => BASED NUMBER \ 
?[ I·' I·' : =>DECIMAL NUMBER]? -

( I. I [ :tiTDIGIT]$ \ <* 35 => ILLEGAL l 
( # I I [ $[DIGIT]$ \ <* 30 => ILLEGAL J \ $[DIGIT]$ } ••• ) 
( #! $[ 'E' 'e' ]$ ( $[SIGU]$ ) [ $[DIGIT]$ \ <* 35 => ILLEGAL ] 
( I I [ $[DIGIT]$ \ <* 30 => ILLEGAL J \ $[DIGIT]$ ) .•• ) ] 

- => DECIMAL_NUMBER \ 

'-' [ '-' II ( $[COMMENTCHAnS]$ ) ..• 
[ EOL -> TOKEN \ ** <* 50 -> TOKEN ] \ => SPECIAL ] ] • 

$EJECT 
$[SIGN]$ $[ '+' I - I ]$ .. -

S[LETTER]$ $[ 'a' I z I I A' I Z I ]$ . 
£[DIGIT]$ .. - $[ '0' I~ I ]$ 

S[SPECIALS]$ ,,. [ '&' I ) I '+' I I I. I I I I ]$ . . - ,., 
' I . 

S[STRINGCIIARS]$ . . - $[ NUL . . I I I I II I . . DEL ]$ . 
S[ILLEGALS]$ $[ NUIJ SP I II I '%' I? I '@' I [ I . . - . . . . .. .. 

I I' I l I . . EOL EOC . . BAD ]$ . 
:P[COMMENTCHARS]$ $[ NUL . . DBL ]$ . 
S[BASEARITH]$ . . - $[ I A I 'B' I C I 'D' 'E' 'F' ]$ . 
S[CHARACTERLIT]$ $[ I I I ,-I ]$ . . - . . . 

I ' I 
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10. APPENDIX II. EXAMPLE Oli' DIANA PRODUCTION. 

10.1. APPENDIX I I a. ADA FRAGMENTS. 

~YPE E IS RECORD 
D : INTEGER 

END RECORD ; 
C : E ; 
A,B : INTEGER 
F : ARRAY ( 1 1 0 ) Oli' IN'fEGER; 
BEGIN 
A : = 3; 
B := 0; 
WHILE B < 10 LOOP 

F(B) := (4*3+B)/A; 
B := B+A; 

EUD LOOP , 
C.D .- B ; 
EHD 
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10 .2. APPENDIX IIb. DIANA AllSTHACT SYNTAX TREE FRAGMENTS. 

Key 8 conn8 c tor 

Uote Alphabetic node numbers - hand Gene rated sequence nos. 

Numeric no de numb e r s - program generated sequence nos. 

8 10 
UNIVERSAL-INTEGER 

G);@ 
TY PE 'rY P B-ID RECORD 

as-id srn-type-np~:.;c.;----<~ as-list 
as-var-s lx-srcpos sm-discriminants 
as-type-spec.;--, lx-symrep E' sm-size 
lx-srcpos ,~------~ lx-srcpos 
li nk ~--------~---~----~ 

G);@ 
VAR ID-S COMP-ID 

as-id-s as-list sm-obj-type 
as-object-def lx-srcpos s1:1- ini t-exp 
as-type-spec ..... f-- lx-srcpos 
lx-srcpos lx-symrep 'D' 
link G); @ 

CONSTRAINED 
~ 

as-name 
as-constraint 

~ sm-type-st ructur e v a 
sm-base-type .... 
s m-constraint 
lx-srcpos 
link 

Q; @ 
USED-NANE-ID 

srn-defn a 
lx-srcpos 
lx-symrep .. "INTEGER II 
link 
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as-list 
a s-object-clef 
as-type-spec 
l x-srcpos 
link 

G~® 
CONSTRAINED 

as-name 
as-constriant 
s m-type-structur e 
so-base-type 
su-constraint 
lx-srcpos 
link 

as-list 
as-object-def 
as-type-spec 
lx-srcpos 
link 

au-li:.Jt 
lx-r.;rcpos 

ID-S 

as-list 
lc- s rcpos 

G);@ 
CONSTHAINED 

as-name 

sm-obj-type~-~ 

lx-symrep 
link 

8/®. 

--+----.:.' c ' 

USED-NAME-ID 

sm-defn 
lx-srcpos 
lx-symrep~----~'E' 
link 

G);@ 
VAR-ID 

sm-obj-type--r-~ 

lx-symrep 
link 

~-i~'A' 

as-constraint 
srn-type-struct--+-~+--~ 

srn-base-type 
srn-constraint 
lx-srcpos 
link 

sm-defn 
lx-srcpos 
lx-symrep.-+--_.., 
link 

VAR-ID 

sm-obj-type~-~~ 

lx-symrep 
link 

.-+------~~· B I 
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as-list 
lx-srcpos 

Q; § 
VJ\R-ID 

sm-obj-type 
: 
: 

w as-id-s 
as-obj-def 
as-type-spec•:­
lx.:...srcpos lx-symrep 'F' 
link link 

8;@ GJ; ® . 
ARRAY n;;cnT-HANGI~-'-D HANGE 

as-dscrt-ran~e-s~r- as-list 
as-constrained ~r lx-srcpos 
lx-srcpos 

I 

as-exp1 
as-exp2 
sm-base-type 
lx-srcpos 
link 

.. w 
I 

NUHERIC-LITERAL 

sm-exp-type-~ 
lx-s rcpos ~--'-.:) 

NUNERIC-LITERAL 

Sl:J.-CXp-type --l---..{ a 

sm-value ·~1 

lx-numrep ·-' 1 ' 
link 

@;@ 
CONSTRAINED 

lx-srcpos 
sm-value 
lx-numrep 
link 

~--•10 
...r--~'10' 

@;@ 
USED-NAME-ID 

.-+-----~ srn- de 1' n as-name 
as-constraint 
so-type-structure .. ~ 
srJ- base-type 
sm-constraint 
lx-srcpos 

- a 

li nk · 

as-list 
lx-srcpos 

a 

J\08IGH 

as-nallle 
au-exp 
J.x-srcpo 
link 

lx-srcpos 
lx-syrnrep.-+------.'INTEGRR' 
link 

@I@ 
USED-NAME-ID 

sm-defn 
lx-srcpos 

lx-symrep ~--~~'A' 
link 

a 
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LOOP 

ASSIGN 

as-name 
as-exp 
lx-srcpos 
link •-

@;@ 
\VHIJ~E 

as-iteration~--~~ as-exp 
as-stm-s ~-----., lx-srcpos 
lx-srcpos ~ 

.__l_in_k __ ___..·~ e I @ 

@!® 
USED-BL'rN-OP 

Gl.l-opera tor 
lx-srcpos 
J..x-syr.1rep •f-..1 <' 

1s_TM-S 

as-list .1 -t;;\ 
lx-srcpos ~ 

... 

@;@ 
NU!I1EHIC-LITERAL 

sru-exp-type 
lx-srcpos 
sm-value 
lx-numrep 
link 

@;@ 
USED-NM-m:....ID 

sm-defn .-.r-----t~ q2 
lx-srcpos 
lx-symrcp-+-------1-~' B' 
link 

@;@ 
NUf·mRIC-LIT.ERAL 

Sii.l-exp-type ...--~­ a 
lx-srcpos 
sm-value 
lx-numrep 

-+----t.,..O 
--+----1_.~1 Q I 

link 

@;@ 
FUNCTION-CAJJL 

as-name ·~~ 
as-param-assoc-s•~ · . 
link 
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@;@ 
P ARAf.l-A SSOC- S 

as-list 
lx-srcpos 

@;@ 
USED-NAHE-ID 

:Jitl-cl ei' n 
lx-srcpos 
lx-symrep...----:---- B 1 

link 

srn- exp-typc-r-~ 
lx-srcpos 
sm-value 10 
lx-nuo r ep '10 1 

0);.@ 
ASS IGN 

as-nane 
as-exp 
lx-srcpos ~ 
li nk ·r~ 

@;@ 
}'UNCTION-CALL 

link 

IHD1~XED 

us-n arne 
as- e xp-s •r--­
GIJ- exp-type 
so-value 
link 

EXP-S 

as-list 
lx- fJr cpos 

@;@) 
IJSED-BL'rN- OP 

::.~.s - narne :.: ,,,_ o 1''.: r :.t tor 

G);@ 
USED-NM1E-ID 

sm-defn v 
lx-srcpos 
lx-symr ep~----~1 F 1 

link 

@;@ 
USED-NA NE--ID 

sm-defn ~--~ q2 
lx-srcpos 
lx-symrep~-----1 ...... ~1 B 1 

link 

as-pararn-assoc-: l lx- urcpos 
s rJ- e xp- type J x- :.;:y 111 r c p -+--------· I I 

lx-srcpos (0 
sm-value bj . 
li nk 
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PARAM-A880C- S 

<.18-list 
1:-:-srcpos 

?UHCTION-CALL 

PAHJEN'r lm8 I SED 

a~~-- u x ll 
sn- exp-type 
lx-srcpos 
sra-value 
link 

UGED-BLTN--OP 

@;@ 
USED-NAME-ID 

sn1-dcfn 
lx-srcpos 
lx-symrep~-----

us-narae -f- u r,1-op urutor 
as-param-assoc-~- lx- u rcJ.lOG 

: lx- :::;y r,1 r t.J p '+ 1 

li nk 

PARAM-ASSOC-~3 

as-list 
lx-srcpos 

@;@ 
PARAM-ASSOC-S 

as-list 
lx-srcpos 

@I@ 
l''UNCTION-CALL U:..mD-BLTN-OP 

as-nur.1e -r- srn-operator 
as-param-assoc-s- lx-srcpos 

: lx-symrep --t--.-1 *I 

linlc @;@ 

@);§ 
NUl'·1Elti C-JJI TEHAJJ 

s r,l- l:xp- typ e-+----~ a 

-t----- 4 

USED-NAJVIE-ID 

sm-defn -+-----~ q2 
lx-srcpos 
lx-symrep-t----• 1 B' 
link 

lx-srcpos 
sm-value 
J.x-rrumrljp -+----- '4' 
l :L nk 

@I@ 
H U~1J~HIC-LI '.r I•;I<AJ, 

8 1;1-CX]l- t,Y}l lJ a 
1 X- :J r CJlO:J 

sm-vulue 3 
lx-numrep 1 3 1 

link 
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ASSIGN 

as-nal!le 
as-exp 
lx-s rcpos 
link 

@;@ 
UDJW- !J Arm- I D 

81.1- U L) 1'11 --t----lll"\ Cl2 
lx- srcpos 
lx- symreper------1..-' B' 
link 

@;@ 
!"UNCTION-CALL 

as-param-assoc-s .. 

link 

sm-defn q2 
lx-srcpos 
lx-syurep 'B 1 

link 

U!j im-rJ /\ME-lD 

sm-dt:l'n 4. 
~ J.x-srcpos 

lx-symrep-+---t~1' A 1 

link 

@)!@ @;@ 
ASSIGN SELECTED 

as-naiJe 
as-exp 
lx-srcpos 
J.i nk 

an-name 
as-designat or 
srn- t::xp-type 
link 

@;@ 
USED-BLTN-OP 

sm-operator 
lx-srcpos 
lx-symrep .. ,.~ +' 
link 

G);@ 
PARAM-ASSOC-S 

as-liot •r­
L-. lx-s rcpos 

@)!® 
USED-NArliE-ID 

sm-dein 
lx-srcpos 
lx-symrep~-----'1 C 1 

link 
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@;@ 
U;JED-Hi\HE-ID 

s rn- u c 1'n 
lx-s rcp0}3 
l x-syrnre1>~-•' B' 
link 

@;@ 
U:JED-NM1E-ID 

srn-ueln 
lx-srcpos 
lx-sycrep~----~ 

link 
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10 .3. APPENDIX I I c. DIANA REPRESENTATION. 

DIANA REPHESEN'rA'r i ON PIWDUCED BY 'rliB UCT-FRONT END. 

Key: 

KND = box-kind. 

SEQ= Sequence number of node found in ref(1 ). 

REF2-REF6 = valueG stored in fieldG ref(2) - ref(G). 

REF11 -REF1 2 = valuuG stored in fields ref(11)- ref(12). 

VAL1 = value stor ed in the 1'irGt va_Lue field . 

REP1-REP2 = syubolic representation of the token. 

-92 

The re~aining fields in a node are 110t mentioned because they are 

not used in this example . 

KHD : 149 1 50 123 1 GO 70 24 33 1 57 70 
SEQ: 18 1 9 20 21 22 23 24 25 26 
REF2: 1 9 20 21 22 23 24 25 4 27 
REF3 : 
REF4 : 20 24 4 
REFS : 4 
RF.F6 : 
REJ?1 1 : 
REF12 : 28 
VAL1 : 
REP1 : E D INTE 
REP2: GER 

KND : 1 61 160 33 1 57 70 1 61 1 G 1 1 GO 33 1 57 
!::>EQ : 27 2U 2~ jO )1 32 33 34 35 36 
REF2: 2~ 26 )0 1 ~ )2 35 35 31 36 4 
H.Eli'3: 
HE1~4 : 2 ~ 20 35 4 
REFS: 20 4 
REF6: 
REF11 : 
REF12 : 34 33 39 
VAL1: 
REP1 : c E A B INTE 
REP2 : GER 
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KN D: 70 1 61 160 1 2 44 122 100 100 33 1 57 
SEQ: 37 38 39 40 41 42 43 44 45 46 
REF2: 38 40 )7 41 42 43 4 4 46 4 
R:SF3: 45 44 
RE.F4: 40 4 4 
REF5: 4 
REF6: 
REF11 : 
REF12: 
VA11 : 10 
RE P1 : l~ 1-0 INTE 
HE P2: GBR 

KND: 134 1 57 1) 100 1 57 1 3 100 88 167 f57 
SEQ: 47 48 49 50 51 52 53 54 55 56 
REF2: 49 32 4U 4 )3 51 4 55 57 33 
REF3: 50 53 61 
REF4: 
RElt'5: 
REF6: 
REF11 : 
REF12: 52 54 93 60 
VA11: 3 0 
REP1: A 3 B 0 B 
REP2: 

KND: 62 138 109 100 134 157 78 53 157 1 3 
SEQ: 57 58 59 60 61 62 63 64 65 66 
REF2: 58 56 4 66 38 62 65 33 63 
REF3: 59 64 79 
REF4: 
REF5: 
REF6: 
REF11 : 
REF12: 84 
VA11: 10 
RE P1 : . < 1 0 F B 
HE P2: 
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KHD : 1 1 1 100 62 138 109 100 62 138 109 157 
SEQ : 67 70 '/1 72 73 74 75 76 77 78 
REP2: 75 4 72 70 4 76 71 33 
REF3: 73 77 
REF4: 
REF5: 
REF6: 
REF 11 : 
REF12: 82 74 78 
VAL1: 4 3 
HEP 1 : 4 ·X· 3 + B 
REP2: 

KND : 62 138 109 1 57 157 1 3 157 62 138 109 
SEQ : 79 eo ll1 ll2 83 84 85 86 87 88 
RBF2: 80 67 32 33 83 33 87 85 
RBF3: 81 86 88 
REF4: 
REF5: 
1\BFG : 
HEF'11 : 
REF12: 89 
VAL1: 
HBP 1 : I 1\ l3 B + 
REP 2: 

KHD: 1 57 1 57 1 31 1 57 13 1 57 
SEQ : 89 90 91 92 93 94 
REF2: 32 27 90 23 91 33 
REF3: 92 94 
REF4: 20 
REF5: 
REF6: 
REF11 : 
REF12: 
VAL1: 
REP 1 : A c D B 
REP 2: 
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11. APPENDIX III. :J'l'lWC'rUHJ·~ OP DIAHA NODES. 

Note : 

1) reference(1) is always the sequence number of the node, i.e. 

node generation number. It is not mentioned in this appendix. 

2) The attribute "link" do cs not appear in the manual, but is 

used to link the nodes fo rming a list . 

NODE 
HAf1E 

ABORT 

ACCEPT 

J\CC:ESS 

ADDRESS 

AGGREGATE 

ALL 

TYPE 
NUMBER 

2 

j 

4 

5 

6 

J\ TT lUBU'l'ES 

u:J-c.:onstralnud 
~nn- n i ~e 
sen- storage-size 
J.x-~.:rcpos 

cd-impl-size 

cd-ali[inrnent 

srn-controll ed 

as-list 
sm-exp-type 
srn-constraint 
lx-srcpos 
link 
sm-value 

as-name 
srn-exp-type 
lx-srcpos 
link 
sm.-value 

REFERENCE IN RECORD. 

not impleraented 

not inple1nen ted 

reference(2) 
r et'e rence ( 3) 
reference(4) 
reference(5) 
value(1) 
boolean( 1) 
value(2) 
boolean(2) 
boolean(5) 

not implew;)nted 

re i'e rence(2~ 
reference(3 
reference14l 
reference 5 
reference 12) 
value(1) 
boolean( 1 ) 

reference(2) 
reference(4) 
reference(5) 
reference(12) 
value( 1) 
boolean(1) 
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NODE 
HAHE 

ALLOCATOR 

ALTERNATIVE 

ALTERNATIVE-S 

AND-THEN 

ARGUMENT-ID 

ARRAY 

ASSIGN 

ASSOC 

A'i'TR-ID 

A'l''l'R IBUTE 

A TTR IBU'fE-CALL 

'fYPE 
NUHBEH 

7 

8 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

A'l"l'HIBU'r ES 

as-name 
as-access-constraint 
srn-exp-type 
lx-srcpos 
link 
srn-value 

as-choice-s 
as-stm-s 
lx-srcpos 
link 

as-list 
lx- s rcpos 

lx-srcpos 

as-dscrt-range-s 
as-constrained 
sm-size 
lx-srcpos 
cd-impl-siz e 

cd-alignment 

srn-packing 

as-name 
as-exp 
lx-srcpos 
link 

as-id 
as-actual 
lx-srcpos 
link 
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REFERENCE IN RECORD. 

reference(2) 
reference(3) 
rcfe rence(4) 
reference~5) 
reference 12) 
value(1) 
boolean ( 1 ) 

refercnce(2) 
reference~3~ 
reference 4 
reference(12) 

reference(2) 
reference(3) 

rei'erence(2) 

not implemented 

reference(2) 
reference(3) 
reference(4) 
reference(5) 
value(1) 
boolean(1) 
value(2) 
boolean(2) 
boolean(5) 

reference(2) 
reference(3) 
reference~4) 
reference 12) 

reference(2) 
reference~3~ 
reference 4 
rcference(12) 

not implemented 

not implemented 

not implemented 
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HOD:E 
NAfiiE 

BINARY 

BLOCK 

BOX 

CASE 

CHOICE-S 

CODE 

COHP-ID 

COMP-H:EP 

C 0!1P-R:EP-S 

COI-1P-UNIT 

TYPE 
NUI"lDEH 

1[3 

1 9 

20 

21 

22 

23 

24 

25 

26 

27 

A'l"rHIBUT:ES 

US-8Xp1 
ao-binary-op 
as-exp2 
sm-exp-type 
lx-srcpos 
link 
sm-value 

ao- i tera-s 
cts-strn-s 
as-alternative-a 
lx-orcpos 
link 

as-cxp 
as-alternative-s 
lx-srcpos 

us-list-s 
lx-srcpos 

as-cxp 
lx-srcpos 

sr.1-obj-type 
srn-ini t-cxp 
lx-srcpos 
link 
cd-position 

cd-:2irst-bi t 

c<.l-last-bit 

lx-symrep 

as-pragrna-s 
as-context 
as-unit-body 
lx-srcpos 
link 
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REFERENCE IN RECORD. 

rcference(2) 
refcrence(3) 
reference(4) 
reference(5) 
reference(6) 
reference(12) 
value(1) 
boolean ( 1 ) 

refcrence(2) 
reference(3) 
refe rencc(4) 
reference~5) 
reference 12) 

not impler:1ented 

re~erence~2~ 
rererence 3 
reference(4) 

re~erence~2~ 
relerence 3 

reference(2) 
reference(3) 

reference~2~ 
reference 3 
reference(4) 
reference(12) 
value(1) 
boolean(1) 
value(2) 
boolean(2) 
value(3) 
boolean(3) 
rep ( 1 ) - rep(4) 

not implelllented 

not irilplemented 

reference(2) 
reference~3~ 
reference 4 
reference(5) 
reference(12) 
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NODE 
HAME 

COt1PILATION 

COND-CLAUSB 

COHD-ENTRY 

CONST-ID 

CONSTANT 

CONSTRAINED 

CONTEXT 

COHVERSION 

DECL-REP-S 

DECL-S 

'l'YPE 
NUMBEH 

2[3 

29 

)0 

)1 

32 

3) 

34 

35 

36 

37 

AT'fRIBUTES 

as-list 
lx-srcpos 

aG-exp-voiu 
as-strn-s 
lx-srcpos 
link 

:nn-obj-type 
srn-o u j-d el' 
sm-auuress 
lx-Grcpos 
link 
lx-symrep 

as-id-s 
as-object-def 
as-type-spec 
lx-srcpos 
link 

as-name 
as-constraint 
srn-type-struct 
sm-base-type 
sra- constraint 
lx-srcpos 
link 
cd- irapl-s i ze 

eli-alignment 

as-list 
lx-srcpos 

u::;-nurae 
a:3-oxp 
srn-exp-type 
lx-srcpos 
link 
srn-value 

as-list 
lx-srcpos 
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REFERENCE IN RECORD. 

reference(2) 
reference(3) 

re:t'e renee ( 2) 
reference(3) 
reference~4) 
reference 12) 

not ir.1pleL1en ted 

re1'erence(2) 
reference~3~ 
reference 4 
rel'erence(5) 
reference(12) 
rep( 1 ) - rep(4) 

reference(2) 
reference~3~ 
reference 4 
reference~5) 
reference 12) 

reference(2) 
re~erence~3~ 
re1erence 4 
reference~5~ 
reference 6 
reference(?) 
reference(12) 
value( 1) 
boolean ( 1 ) 
value(2) 
boolean(2) 

reference(2) 
rei'erence(3) 

reference(2) 
reference(3) 
reference(4) 
reference(5) 
reierence(12) 
value(1) 
boolean ( 1 ) 

not implemented 

reference(2) 
reference(3) 
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UODE 
NAHE 

DEF-CHAR 

D ElLO P 

DELAY 

DER IVED 

DISCRIMANT-
AGGREGATE 

DSCRMT-ID 

DSCRT-HANGE- S 

ENTRY 

ENTRY-CALL 

TY PE 
NUMBEH 

38 

39 

40 

41 

42 

43 

t14 

45 

46 

ATTHIBUTES 

sm-obj-type 
lx- s rcpos 
srn-pos 

sm-r ep 

lx-symrep 

srn-spec 
s m-uody 
s rn-location 
lx-srcpos 
lx-symrep 

as-constrained 
sra-size 
sm-s torage- o ize 
lx-srcpos 
cd-impl-size 

cd-ali[;nrnent 

sm- ac tual-d el t a 

srn-packing 
srn-controlled 

as-list 
ix-Brcpos 

srn-obj-type 
srn-init-exp 
lx-srcpos 
cd-position 

cd-i'irst-bit 

c d-lus t-l.>it 

lx- s ymrcp 

as - lis t 
lx-srcpoo 
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REFERENCE IN RECORD. 

reference(2) 
reference(3) 
value(1) 
bool ean( 1) 
value (2) 
boolean(2) 
rep ( 1 ) - rep(4) 

referonce~2l 
re~erence 3 
rerer e nce 4 
reference(5) 
r ep ( 1 ) - rep(4) 

not implemented 

r efe rence(2) 
reference(3) 
reference(4) 
refe rence(5) 
value(1) 
boolean( 1) 
value(2) 
boolean(2) 
value (3) 
boolean(3) 
boolean(5) 
boolean( G) 

reference(2) 
reference(3) 

reference(2) 
re ference~3~ 
re fe rence 4 
value (1) 
boolean ( 1 ) 
value (2) 
bool ean(2) 
value (3) 
bool ean(3) 
rep ( 1 ) - rep(4) 

re fe r ence(2) 
refer e nc e (3) 

not implemented 

not i rn p l e r:w n ted 
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NO DE 
HA f1E 

EHTHY-ID 

EN U!v'J-ID 

TYPE 
NUIVJBEH 

47 

EUUM-LITERAL-S49 

EXCEPTION 50 

EXCEPTION-ID 51 

EX IT 52 

EXP-S 5) 

FIXED 54 

ATTHIBU'l'ES 

a m-opec 
s m-uddr esG 
Lx-:; t·cpu u 
lx-syrnrep 

mn-obj-type 
lx-srcpo:.:; 
Sin-J:.>OS 

sm--r cp 

lx-syrnr e p 

as-list 
sm-size 
lx-srcpos 
cd-impl-size 

cd-ulit._;nment 

sm-cxc eption-dcf 
lx- srcpos 
1 x-syrnrep 

as-name-void 
as- e xp-void 
s 111- s t rn 
lx-srcpos 

as-li::;t 
lx-srcpos 

as-cxp 
as-range-void 
sm-size 
lx-srcpos 
cd-irnpl-size 

cd-ali gnme nt 

sm-actual-delta 

sm-bits 
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REFERENCE IN RECORD. 

re:ference(2) 
r efe r ence ()) 
r el'~rence (4) 
r ep ( 1) - rcp(4) 

re fe r en c e (2) 
r efe r enc e (3) 
value(1) 
boolean ( 1 ) 
value (2) 
boolean(2) 
rep( 1) - rep(4) 

reference(2) 
reference(3) 
reference(4) 
value(1) 
boo.lean( 1) 
value(2) 
boolean(2) 

not implemented 

r efe rcnce(2) 
r efe rence(3) 
rep(1) - rep(4) 

re fe rence(2) 
reference(3) 
refe rence(4) 
reference(5) 

refe rcnce(2) 
refe rence(3) 

r efe rence(2) 
refe rence(3) 
r efe rcnce(4) 
r efe r e nc e (5) 
value ( 1) 
boolean(1) 
value(2) 
boolean(2) 
value(3) 
boolean(3) 
value(4) 
boolean(4) 
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HODE 
l'!Al'iE 

FLOAT 

FOR 

PORHAL-DSCRT 

l~OHI1AL-FIXED 

FOHMAL-l<'LOAT 

FOHf1AL-INTEGER 

FUNCTION 

FUNCTION-CALL 

FUNCTION-ID 

G.El!EHIC 

TYPE 
NUMBEH 

55 

56 

57 

58 

59 

60 

G1 

62 

63 

G4 

GEHERIC-ASSOC-S G5 

GENERIC-ID 6G 

GENERIC-OP 67 

GENERIC-PARAM-8 68 

A'rTHIBUTES 

as-exp 
ao-range-voi<l 
sm-type-struct 
srn-size 
lx-srcpos 
cd-impl-size 

cd-alignment 

as-i<l 
as-u s crt-range 
lx-srcpos 

as-param-s 
as-constrained-void 
lx-srcpos 

as-name 
as-param-assoc-s 
srn-exp-type 
lx-srcpos 
sm-value 

sm-spec 
sm-body 
sm-location 
lx-srcpos 
lx-symrep 

srn-generic-paraw-s 
sw-spec 
sm-body 
lx- s rcpos 
lx-syrnrep 
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REFERENCE IN RECORD. 

reference(2) 
refercnce(3) 
reference(4) 
reference~5~ 
reference 6 
value(1) 
boolean(1) 
value(2) 
boolean(2) 

reference(2) 
reference(3) 
reference(4) 

not implemented 

not implemented 

not implemented 

not implemented 

reference(2) 
reference(3) 
refercnce(4) 

reference(2) 
reference~3~ 
reference 5 
reference(6) 
value( 1) 
boolean ( 1 ) 

reference~2) 
reference 3) 
reference(4) 
reference(5) 
rep ( 1 ) - rep ( 4) 

· not implemented 

not imp l e 1.1 en t e d 

reference(2) 
reference~3~ 
reference 4 
reference(5) 
rep( 1 ) - rep(4) 

not implemented 

not implemented 
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HODE 
NAHE 

GO TO 

ID-S 

IF 

III 

IN-ID 

I H-OP 

Ill'- OUT 

IN-OUT-ID 

INDEX 

INDEXED 

'fY PE 
NU!v'! BEH 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

A 'f'l' n I BUTJt::J 

as-name 
lx-srcpos 
link 

as-list 
lx-srcpos 

as-list 
lx-srcpos 
link 

as-id-s 
as-type-spec 
as-exp-void 
lx-srcpos 
link 

srn-obj-type 
sm-init-exp 
lx-:.:.>rcpoc 
link 
lx-syr.1rep 

lx-srcpos 

as-id-s 
as-typ8-spcc 
as-exp-void 
lx-s rcpo~3 
link 

SJ:l-Obj-type 
lx-srcpos 
link 
lx-symrep 

as-name 
lx-srcpos 
link 

as-name 
as-exp-s 
sra-exp-type 
link 
sra-value 
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REFERENCE IN RECORD. 

reference(2) 
reference(3) 
reference(12) 

reference(2) 
reference(3) 

reference(2) 
reference~3) 
reference 12) 

reference(2) 
reference(3) 
referencc(4) 
reference(5) 
reference(12) 

reference(2) 
reference(3) 
re!·erence ( 5) 
reference(12) 
rep( 1 ) - rep(4) 

reference(2) 

reference(2) 
reference~3) 
reference 4~ 
reference 5 
reference(12) 

reference(2) 
reference~3) 
reference 12) 
rep( 1) - rep(4) 

reference(2) 
reference(3) 
reference(12) 

reference(2) 
reference(3) 
reference(4) 
reference(12) 
value(1) 
boolean ( 1 ) 



/\PPEI'TDIX III. ::'J'IHJC'l'lll/1;: OJo' I>I/\N/\ NOIH:G. 

NODE 
NAHB 

INNER-RECORD 

IITSTAHTIA'riON 

IN TEGBR 

ITEH-S 

ITERATION-ID 

L-PRIVATE 

L-PRIVATE-
TYPE-ID 

LABEL-ID 

LABELLED 

LOOP 

HEft!BERSHIP 

NAHE-S 

'1' YPB 
NU~1BEH 

79 

eo 

u1 

[32 

U) 

U4 

85 

[3(j 

87 

88 

89 

90 

1\ '1"1' HI BU1' J~S 

as-list 
lx-srcpos 

as-range 
srn-typc-struct 
sm-size 
lx-srcpos 
cd-irnpl-size 

cd-alignraent 

as-list 
lx-srcpos 

srn-obj-type 
lx-srcpos 
lx-symrep 

sra-strn 
lx-srcpos 
link 
lx-syr.arep 

as-id-s 
as-stm 
lx-:,;rcpos 
link 

as-iteration 
as-stm-s 
lx-srcpos 
link 

as-exp 
as-mernbership-op 
as-type-range 
srn-exp-type 
lx-srcpos 
link 
sm-value 

as-list 
lx-srcpos 
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REFERENCE IN RECORD. 

reference(2) 
r0f e rence(3) 

not iraplemented 

reference(2) 
re:ference(3) 
reference(4) 
reference(5) 
value(1) 
boolean ( 1 ) 
value(2) 
boolean(2) 

reference(2) 
reference(3) 

reference(2) 
reference(3) 
rep(1) - rep(4) 

not irnpler.1ented 

not implemented 

reference(2) 
reference~3) 
reference 12) 
rep(1) - rep(4) 

re:f e rence(2) 
· reference~)~ 
reference 4 
reference(12) 

reference(2) 
reference(3) 
reference~4) 
reference 12) 

reference(2) 
reference(3) 
reference(4) 
reference~5~ 
reference 6 
reference(12) 
value(1) 
boolean( 1) 

reference(2) 
reference(3) 



APPENDIX III. ~~'PHtJC'PIJI/"Io: 01~ DTfd~A tJOln::~. 

l!ODB 
IlAHB 

HAf·IED 

il Al1ED-S~f1 

fiO-DBFAUL'£ 

ll O'l.'- HI 

UULL-ACCEm1 

NULL-CONP 

llULL-STM 

JIU!iJBER 

l'IUf.lBER-ID 

IJUf·IBRIC-
LI'rERAL 

OH-EL~B 

O':'HEHS 

'l'Y P 1~ 
NUf~BJm 

91 

92 

')) 

'J-1· 

9? 

96 

97 

9u 

99 

100 

1 () 1 

102 

as-choice-s 
a~::>-<:Jxp 

lx-srcpou 
link 

as-id 
as- stm 
lx-srcpos 
link 

.Lx--:; r·epo:; 

fj JJ-l:Xp-typ c 
JX-:JI'<..:jJOU 
s r~-value 

lx-urcpos 

lx-sr.cpos 

au-id-s 
UfJ-8Xp 
lx-orcpos 
link 

SI:l-O b j-type 
as-init-exp 
lx-orcpos 
link 
lx-syrnn~ p 

sm-exp-type 
lx-srcpos 
link 
srn-value 

lx-nur.Jrep 

lx-:.nc:pos 

lx-:>rcpos 
.L :i. ll k 
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reference(2) 
reference(3) 
re1·erence ~ 4) 
reference 12) 

refe rence(2) 
reference(3) 
ref'crence(4) 
reference(12) 

not irilplcr,lentet.l 

r01\; rence ( 2) 

reference(2) 
re1'erence(3) 
value( 1) 
boolean ( 1 ) 

r efe rence(2) 

reference(2) 

reference(2) 
ref e rence~3) 
reference 5) 
refcrence(12) 

reference(2) 
reference()) 
reference~4) 
r e 1· e r en c e 1 2 ) 
rep( 1 ) - rcp(4) 

reference(2) 
r e :r· e r en c e ( 2 ) 
reference(12) 
value(1) 
boolean(1) 
rep ( 1 ) - rep(4) 

reference(2) 

reference(2) 
refcrc nce(12) 
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NODE 
N AI'1E 

OUT 

OU T-ID 

PACKAGE-BODY 

PACKAGE-DECL 

PACKAGE-ID 

PACKAGE-SPEC 

PARAfvl-ASSOC-S 

PARAM-S 

PARENTHESISED 

PRAGMA 

PRAGNA-ID 

PHJ\Gt1A- S 

PRIVATE 

TYPE 
NUr1BEn 

103 

104 

105 

106 

107 

108 

109 

11 0 

1 1 1 

11 2 

11 3 

1 1 4 

1 1 5 

AT'rHIBUTES 

as-id-s 
as-type-spec 
as-exp-void 
lx-srcpos 
link 

. s m-obj-type 
lx-Drcpos 
link 
lx-syrarep 

srn-spec 
srn-body 
sm-address 
lx-srcpos 
1 x-syrnre ll 

as-list 
lx-srcpos 

as-list 
lx-srcpos 

as-exp 
sm-exp-type 
lx-srcpos 
link 
sm-value 

as-id 
as-param-assoc-s 
lx- s rcpos 
link 

a:.>-list 
lx-orcpos 

au-li.::;t 
lx-srcpos 
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REFERENCE IN RECORD. 

reference(2) 
reference(3) 
reference(4) 
reference(5) 
reference(12) 

reference(2) 
reference(3) 
refer·ence ( 1 2) 
rep(1) - rep(4) 

not impler:lCnted 

not implemented 

reference~2~ 
reference 3 
reference(4) 
reference(5) 
rep ( 1 ) - rep(4) 

not impleoented 

reference(2) 
reference(3) 

reference(2) 
reference(3) 

reference(2) 
reference(3) 
reference(4) 
reference(12) 
value(1) 
boolean ( 1 ) 

reference(2) 
reference(3) 
reference~4) 
reference 12) 

reference~2~ 
reference 3 

reference(2) 
reference()) 

not implemented 



APPENDIX III. oTHUC'.rUrU~ OTt' DIANA NOD.ES. 

HODE 
HAr·1E 

'rYPB 
NUMBEH 

PRIVATE-TYPE-ID 1 1G 

PROC-ID 11 7 

PROCEDURE 11 u 

PROCEDURE-CALL 119 

QUALIFIED 

RAISE 

RANGE 

RECORD 

RECORD-REP 

RENAME 

RETURN 

120 

1 21 

122 

123 

124 

1 2 5 

1 26 

A'.r'rHIBU'l'BS 

sm-spec 
sm-body 
sm-location 
lx-srcpos 
lx-syL1rep 

as-parara-s 
lx-srcpos 

as-name 
as-param-assoc-s 
lx-srcpos 
link 

as-name 
a s- e xp 
sm-exp-type 
lx-srcpos 
link 
s1a-value 

as-exp2 
as-exp2 
srn-l:Jase-type 
lx-srcpos 
link 

as-list 
sm-discriminants 
sm-size 
lx-srcpos 
cd-impl-size 

cd-alignr.wnt 

srn-packing 

as-exp-void 
lx-Brcpos 
link 
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REFERENCE IN RECORD. 

not implemented 

reference(2) 
reference(3) 
reference(4) 
refer8nce(5) 
rep( 1) - rep(4) 

reference(2) 
reference(3) 

reference(2) 
reference(3) 
reference(4) 
reference(12) 

reference(2) 
reference(3) 
reference(4) 
reference(5) 
reference(12) 
value(1) 
boolean( 1 ) 

not implemented 

reference ( 1 l 
reference(3 
reference(4 
reference(5) 
refurence(12) 

reference(2) 
reference(3) 
reference(4) 
reference(5) 
value(1) 
boolean( 1) 
value(2) 
boolean(2) 
boolean(5) 

not implemented 

not implemented 

rei'erence(2) 
reference(3) 
reference(12) 



1\ PPENDIX I I I. S'fHLJCTLJH 1!: 01'' DIAN/\ NOD.ES . 

HODE 
II Af·lE 

REVERSE 

SELECT 

SELECT-CLAUSE 

TYPE 
NUf1BEH 

1 27 

128 

1 29 

St;LECT-CLAUSE-S 1 30 

SELECTED 1 31 

SHlPLE-RBP 132 

SLICE 133 

STt~-S 1 34 

STRING-LITERAL 1 35 

ST UB 1 3G 

SUBPROGRAM- 1 37 
BO DY 

ATTRIBUTES 

as-id 
as-dscrt-range 
lx-srcpos 

as-name 
as-designator 
Sr:l-8Xp-type 
lx-srcpos 
link 
sm-value 

as-name 
as-dscrt-range 
SH1-exp-type 
sm-constraint 
lx-srcpos 
link 
sm-value 

as-list 
lx-srcpos 

sm-exp-type 
sm-constraint 
lx-srcpos 
link 
sm.-value 

lx-symrep 

as-d esignat or 
as-header 
as-block-:.:; tub 
lx-srcpos 
link 
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REFEHENCE IN RECORD. 

reference(2) 
reference(3) 
reference(4) 

not impleLJ.ented 

not iLJ.plemented 

not implemented 

reference(2) 
reference()) 
reference(4) 
ref e rence(5) 
refer ence(12) 
value( 1) 
boolean( 1) 

not implemented 

reference(2) 
reference~3~ 
reference 4 
refcrence(5) 
reference~6) 
reference 12) 
value(1) 
boolean ( 1 ) 

reference(2) 
reference(3) 

reference(2) 
reference(3) 
reference(4) 
reference(12) 
value(1) 
boolean ( 1 ) 
rep ( 1 ) - rep(4) 

not implemented 

reference(2) 
reference(3) 
reference~4~ 
reference 5 
re:ference(12) 



> 

APPENDIX III. 0'.rHUCTUH1~ OJ" DIANA NOJJBS. 

IWDE 
NAJ:JE 

USED-BLTN-OP 

TYPE 
NUMBJi:H 

1)8 

SUBPROGRAi-'1-DECL 139 

SUBTYPE 140 

SUBTYPE-ID 1 41 

SUBUNIT 142 

TASK-BODY 143 

TASK-BODY-ID 144 

TASK-DECL 145 

TASK-SPEC 146 

TEHl•'liNATE 14 7 

TIJ1ED-ENTRY 148 

TYPE 149 

TYPE-ID 1 50 

UNIVERSAL-FIXED 1 51 

UNIVEHSAL-IN'J.'EGER 152 

UlHVERSAL-REAL 1 53 

A 'l".r HI HU'l'.ES 

srn-operator 
lx-srcpos 
lx-:3yrnrep 

as-id 
as-constraine d 
lx-srcpos 
link 

srn-type-spec 
lx-srcpos 
lx-syrnrep 

srn-typo-spcc 
::Jl;J-bot!y 
lx-crcpos 
lx-syt1rep 

as-id 
as-var-s 
as-type-spec 
lx-srcpos 
link 

srn-type-spec 
lx-srcpos 
lx-syrnrep 

denoted by a 2 as 

clenotet! by a 4 as 

denoted by a 3 as 
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REFERENCE IN RECORD. 

reference(2) 
reference(3) 
rep( 1 ) - rep(4) 

not impleoented 

reference(2) 
reference(3) 
reference~4) 
rei'erence 1 2) 

reference(2) 
reference(3) 
rep(1) - rep(4) 

not implenented 

not ioplemented 

re!'erence(2) 
reference~3) 
reference 4) 
rep( 1 ) - rep(4) 

not i rn p l e rJ en ted 

not implemented 

not iraplemen ted 

not ir.lplemented 

reference(2) 
reference(3) 
reference(4) 
reference~5) 
reference 12) 

reference(2) 
reference(3) 
rep( 1 ) - rep(4) 

the attribute value 

the attribute value 

the attribute value 



/1PPElllJIX III. :~'L'IIIJC'l'IJIIJo: CH' DIANA NOIH:U. 

NODE 
NAT1E 

ur.m 

USED-BLT-ID 

UUED-CHAR 

USED-NAf.1E-ID 

USED-OBJECT-ID 

USED-OP 

VAR 

VAR-ID 

VAR-S 

VARIANT 

TYPE 
NV M13EH 

1 5 tJ 

1 55 

156 

1 57 

1 58 

1 59 

1GO 

1 61 

16 2 

1G 3 

M~'l'HIBUTES 

uu-li:.:;t 
lx-~;rcpoo 

link' 

srn-operator 
lx-srcpos 
lx-symrep 

srn-de:i:'n 
sra-exp-type 
lx-urcpos 
srn-value 

sm-defn 
lx-srcpos 
link 
lx-syrnrep 

sm-defn 
sm-exp-type 
lx-srcpos 
link 
srn-value 

lx-syrnr ep 

srn-defn 
link 
lx-symre p 

uu-id-s 
as-object-def 
as-type-spec 
lx-srcpos 
link 

as-obj-type 
srn-obj-def 
sm-address 
lx-srcpos 
link 
lx-symrep 

as-list 
lx-::>rcpos 

as-choice-s 
a:J-rccord 
lx-Drcpoo 
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REFERENCE IN RECORD. 

rei'erence(2) 
reference(3) 
re:Cerence(12) 

reference(2) 
reference()) 
rep(1) - rep(4) 

reference(2l 
reference~3 
reference 4 
value( 1) 
boolean(1) 

ref e rence(2) 
rer'erence~3) 
reference 12) 
rep ( 1 ) - rep(4) 

reference(2) 
reference(3) 
reference(4) 
reference(12) 
value(1) 
boolean ( 1 ) 
rep ( 1 ) - rep(4) 

rer'erence~2) 
reference 12) 
rep ( 1 ) - rep(4) 

reference(2) 
reference~3~ 
reference 4 
reference(5) 
reference(12) 

reference(2) 
reference~3~ 
reference 4 
reference(5) 
reference(12) 
rep ( 1 ) - rep(4) 

reference(2) 
reference(3) 

reference(2) 
re:ference~3) 
reference 4) 



APPENDIX III. }3Tl1UCTUHE Oli' DIAHA NODES. 

HODE 
NAf1E 

V ARIAN'r-PAH'r 

VAHIANT-S 

VOID 

WHI LE 

\'liTH 

CONTINUATION 

TYPB 
NUMBEH 

1 Gtl 

Hi 5 

1 GG 

167 

1 6£.3 

512 

AT'rHIBUTES 

a~:;-narue 

D.f3- v uri ant-s 
lx-srcpos 
link 

as-list 
lx-:..;rcpos 

as-exp 
lx-8rcpos 

as-list 
lx-srcpos 
link 

link 
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REFERENCE IN RECORD~ 

refercnce(2) 
reference(3) 
reference~4) 
reference 12) 

refcrence(2) 
ref e r ence(3) 

reference(2) 
refcrcnce(3) 

reference(2) 
reference~3) 
reference 12) 

refe rence ( 11 ) 
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1 2 . APPENDIX IV. DIANA PHODUCBD l''OR EXAMPLES IN CHAPTER 7. 

1 2. 1 0 APPENDIX IVa. 

28 1 1 1 2 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 8 1 3 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 7 14 1 3 1 6 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTSORT 

1 37 1 5 1 4 1 3 1 G 0 0 0 0 0 0 
0 0.00000 .00000 00 

82 1 7 18 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

149 18 1 9 0 0 0 0 0 0 0 0 
0 20.00000 .00000 00 

1 50 1 9 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLEADER 

1 49 20 21 0 0 0 0 0 0 0 0 
0 22.00000 .00000 00 

1 50 21 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTHAILEH 

149 22 23 0 24 0 0 0 0 0 0 
0 27.00000 .00000 00 

150 23 24 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLHl~l~ 

3 24 25 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

33 25 26 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 26 1 9 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLEADEH 

1 49 27 28 0 29 0 0 0 0 0 0 
0 32.00000 .00000 00 

1 50 28 29 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTREl~ 

3 29 30 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

33 30 31 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 31 21 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTHAILEH 

1 23 34 35 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

70 36 37 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

24 37 38 40 0 0 0 0 0 0 0 
0 0.00000 .00000 OOKEY 

33 38 :59 0 4 4 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 39 4 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOINTEGEH 

100 40 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 100 

1 60 35 )6 40 3U 0 0 0 0 0 0 



APPENDIX IV. THE DIANA CODE PRODUCED . -1 _1 2 

0 41.00000 . 00000 00 
70 42 43 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
24 43 44 4G 0 0 0 0 0 0 0 

(J 0.00000 .00000 OOCOUNT 
33 44 4 5 0 4 4 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 45 4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOIN'fBGEH 
100 46 4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 100 
1 60 41 42 4G ~-4 0 0 0 0 0 0 

0 47.00000 .00000 00 
70 48 49 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
24 49 50 52 0 0 0 0 0 0 0 

0 0.00000 .00000 OOTHAIL 
33 50 51 0 0 29 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 51 28 0 0 0 0 0 0 0 0 

0 0.00000 00000 OOTHElo' 
95 52 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 60 47 48 52 50 0 0 0 0 0 0 

0 53.00000 .00000 00 
70 54 55 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
24 55 56 58 0 0 0 0 0 0 0 

0 0.00000 .00000 OONXT 
33 5G 57 0 0 24 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 57 23 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOLREF 
95 58 0 0 0 0 · O 0 0 0 0 

0 0.00000 .00000 00 
1 GO 5) 54 ~u ~G 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 49 32 33 0 )4 0 0 0 0 0 0 

0 59.00000 .00000 00 
1 50 33 34 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOLEADEH 
1 23 61 62 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
70 63 G ~ 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
24 64 65 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOID 
33 65 66 0 0 24 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 66 23 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOLREF 
1 60 62 G3 0 6 ~) 0 0 0 0 0 0 

0 u'/. ooooo .oouoo 00 
70 GU 69 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
24 69 70 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONXT 
33 70- 7 1 0 0 29 0 0 0 0 0 

0 0.00000 .00000 00 
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1 57 71 2U 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTRJn' 

1 60 67 G8 0 70 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 49 59 60 0 G1 0 0 0 0 0 0 
0 77.00000 .00000 00 

1 50 60 61 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTH.i\IJJ.I!:lt 

70 72 73 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 73 78 0 0 0 0 0 0 0 0 
0 74.00000 .00000 OOIIEAD 

1 61 74 78 0 0 0 0 0 0 0 0 
0 75.00000 .00000 OOTAIL 

1 61 75 78 0 0 0 0 0 0 0 0 
0 76.00000 .00000 OOP 

1 61 76 78 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOQ 

160 77 7 2 0 78 0 0 0 0 0 0 
0 82.00000 .00000 00 

33 78 79 0 0 24 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 79 23 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLREl" 

70 no 111 () 0 () 0 0 0 0 0 
0 0.00000 .oooou 00 

1 61 81 8 3 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOT 

160 82 80 0 U3 0 0 0 0 0 0 
0 87.00000 .00000 00 

33 83 84 0 0 29 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 84 28 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTnEF 

70 85 UG 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 86 88 0 0 0 0 0 0 0 0 
0 0.00000 .00000 ooz 

160 87 U5 0 88 0 0 0 0 0 0 
0 93.00000 .00000 00 

33 88 89 0 4 4 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 89 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOINT1WJm 

70 90 91 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 91 94 0 0 0 0 0 0 0 0 
0 92.00000 .00000 oox 

1 61 92 94 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOY 

11 0 98 99 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

72 99 100 102 104 0 0 0 0 0 0 
0 0.00000 .00000 00 

70 100 101 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

73 1 01 102 104 0 0 0 0 0 0 0 
0 0.00000 .00000 oow 

33 102 103 0 4 4 0 0 0 0 0 
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0 0.00000 .00000 00 
1 ?7 1 03 IJ- 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOINTEGJ.:H 
1 66 104 0 0 0 () 0 0 0 0 0 

0 0.00000 .00000 00 
1 60 93 <]0 0 94 0 0 0 0 0 0 

0 107.00000 . 00000 00 
33 94 95 0 tJ- tJ- 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 95 4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOINTEGEH 
61 96 90 105 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
63 97 9G 100 0 0 0 0 0 0 0 

0 0.00000 .00000 OOL 
33 105 1 OG 0 0 24 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 106 23 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOLRBF 
02 109 11 2 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
70 11 0 1 1 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 61 1 1 1 11 3 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOH 
1 34 1 1 5 1 1 7 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 11 6 1 1 1 () 0 0 0 0 0 0 0 

0 0.00000 .00000 0011 
1 3 11 7 11 G 11 e 0 0 0 0 0 0 0 

0 122.00000 .00000 00 
1 57 1 H3 73 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOHEAD 
157 11 9 74 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOTAIJJ 
1 31 120 11 9 1.21 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 1 21 37 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOKEY 
1 3 122 120 1 23 0 0 0 0 0 0 0 

0 124.00000 .00000 00 
1 57 123 1 01 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oow 
134 133 135 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 134 1 1 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOH 
1 3 1 3? 134 13 7 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 136 1 1 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOH 
1 31 137 136 130 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
157 130 55 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONX1' 
80 124 125 1 33 0 0 0 0 0 0 0 

0 139.00000 .00000 00 
1 67 1 25 129 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
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1 57 126 74 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OO'.r 1\ IL 

1 ) 1 1 27 1 2 G 1 2U 0 0 0 0 0 0 0 
0 132.00000 .00000 00 

1 57 128 ) 7 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOKEY 

G2 129 1)0 1 j 1 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 . 1)0 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00/= 

1 09 1 31 127 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 132 1 0 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oow 

1 34 146 148 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 147 7 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTAIL 

1 3 148 14 7 149 0 0 0 0 0 0 0 
0 153.00000 .00000 00 

7 149 1 50 1 51 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 150 33 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOJJEA DJm 

1 66 1 51 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 52 U6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 ooz 

62 1 55 1 56 1 57 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 1 56 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00+ 

1 09 157 1 54 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 158 4 0 0 0 0 0 0 0 0 
0 0.10000+00 1 .00000 1 01 

1 57 1 59 1 1 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOH 

1 31 160 1 5:J 1 61 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 61 4 3 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUNT 

1 3 153 15 2 1 55 0 0 0 0 0 0 0 
0 162.00000 .00000 00 

1 57 1 54 8 6 0 0 0 0 0 0 0 0 
0 158.00000 .00000 ooz 

1 3 162 160 163 0 0 0 0 0 0 0 
0 167.00000 .00000 00 

100 1 63 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 100 

1 57 164 1 1 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOH 

1 31 1 65 164 1 66 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 166 4 9 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTHAIL 

1 3 167 1 6 5 168 0 0 0 0 0 0 0 
0 172.00000 .00000 00 

95 168 0 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 00 
1 57 1 69 1 1 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOH 
1 31 170 1 69 1 71 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 1 71 55 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONXT 
1 3 172 170 1 T 5 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 173 7 4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OO'rAIL 
71 139 140 0 0 0 0 0 0 0 0 

0 174.00000 .00000 00 
29 140 14 2 146 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 1 41 1 1 1 0 0 0 0 0 0 0 0 

0 145.00000 .00000 00][ 
62 142 14) 1 44 0 () 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 143 0 0 () 0 0 0 0 0 0 

0 0.00000 . 00000 00= 
1 09 144 1 4 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 145 74 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOTAIL 
1 26 174 17 5 () 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 175 1 1 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOll 
1 60 11 2 11 0 0 11 3 0 0 0 0 0 0 

0 0.00000 .00000 00 
33 11 3 11 4 0 0 24 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 11 4 23 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOLREl" 
1 9 108 109 1 1 5 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 34 176 178 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 . 177 7 3 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOHEAD 
1 3 178 177 17Y 0 0 0 0 0 0 0 

0 183.00000 .00000 00 
7 1 '{~ 1 uo 1 u 1 0 u 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 180 3 3 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOLEADEH 
1 66 1 81 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 182 7 4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OO'l'AIJJ 
1 3 183 182 1 U4 0 0 0 0 0 0 0 

0 186.00000 .00000 00 
1 57 184 7 3 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOITEAD 
1 57 185 8 6 0 0 0 0 0 0 0 0 

0 0.00000 .00000 ooz 
1 3 186 1 U5 H37 0 0 0 0 0 0 0 

0 189.00000 .00000 00 
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100 187 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 100 

1 57 H38 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOG.E1' 

1 09 190 1 9 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 9 H39 18U 190 0 0 0 0 0 0 0 
0 192.00000 .00000 00 

1 57 1 91 9 1 0 0 0 0 0 0 0 0 
0 0.00000 . OOCJOO oox 

1 34 199 20 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 200 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOG E'l' 

1 09 202 203 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 9 201 200 202 0 0 0 0 0 0 0 
0 205.00000 .00000 00 

1 57 203 92 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOY 

1 57 204 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOPUT 

1 09 206 207 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 1 9 205 204 206 0 0 0 0 0 0 0 
0 209.00000 .00000 00 

1 57 207 9 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oox 

1 57 208 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOPUT 

109 210 21 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 9 209 208 210 0 0 0 0 0 0 0 
0 213.00000 .00000 00 

1 57 211 9 2 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOY 

1 57 212 7 5 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOP 

109 . 21 6 217 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 3 213 212 214 0 0 0 0 0 0 0 
0 219.00000 .00000 00 

62 214 215 216 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 215 97 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOJJ 

1 57 217 91 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oox 

1 57 218 '{ 6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOQ 

1 09 222 223 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 3 219 218 220 0 0 0 0 0 0 0 
0 225.00000 .00000 00 

62 220 221 222 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 221 97 0 0 0 0 0 0 0 0 
0 0.00000 .00000 001 

1 57 223 92 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OOY 
1 57 224 81 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOT 
22 230 2)1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 09 238 23~ 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
95 239 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 227 60 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OO'rHAILEH 
5 228 229 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
~1 229 230 2)2 0 0 0 0 0 0 0 

0 236.00000 .00000 00 
157 231 G4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOID 
95 232 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 235 69 0 0 0 0 0 0 0 0 

0 239.00000 .00000 OONXT 
62 236 2)7 2)B 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
138 237 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00= 
1 57 240 81 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOT 
1 31 241 240 242 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 242 64 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOID 
1 3 225 224 226 0 0 0 0 0 0 0 

0 243.00000 .00000 00 
· 7 226 227 22B 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 3 243 241 244 0 0 0 0 0 0 0 

0 248.00000 .00000 00 
1 57 244 76 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOQ 
157 245 81 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOT 
1 31 246 245 247 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 247 69 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONX'l' 
1 3 24B 246 250 0 0 0 0 0 0 0 

0 255.00000 .00000 00 
1 57 249 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 31 250 249 251 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 251 49 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOTHAIJJ 
1 57 252 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 31 253 252 254 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 254 49 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOTHAIL 
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1 3 255 253 256 0 0 0 0 0 0 0 
0 260.00000 .00000 00 

1 57 256 01 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OO'.r 

1 57 257 76 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOQ 

1 31 250 257 259 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 259 43 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUN'r 

1 3 260 258 264 0 0 0 0 0 0 0 
0 269.00000 .00000 00 

1 57 261 76 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOQ 

1 31 262 261 263 0 0 0 0 0 0 0 
0 267.00000 .00000 00 

1 57 263 43 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUNT 

62 264 265 266 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

138 265 0 0 0 0 0 0 0 .o 0 
0 0.00000 .00000 00+ 

109 266 262 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 267 4 0 0 0 0 0 0 0 0 
0 0.10000+001 .00000 1 01 

1 57 268 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOGET 

109 270 271 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 9 269 268 270 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 271 91 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oox 

1 57 272 75 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOP 

88 192 193 1 99 0 0 0 0 0 0 0 
0 273.00000 .00000 00 

1 67 193 195 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 194 91 () 0 0 0 0 0 0 0 
0 198.00000 .00000 oox 

62 1 95 1 ~6 1 97 · 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 )8 1 96 0 () 0 0 0 0 0 0 0 
0 0.00000 .00000 00/= 

1 09 197 1 94 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

100 198 4 0 0 0 0 0 0 0 0 
> 0 0.00000 .00000 100 

1 3 273 272 274 0 0 0 0 0 0 0 
0 276.00000 .00000 00 

1 57 274 73 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOIIEAD 

1 57 275 73 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOHEAD 

1 3 276 275 277 0 0 0 0 0 0 0 
0 278.00000 . 0 0000 00 

95 277 0 0 0 0 0 0 0 0 0 
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0 0.00000 . 00000 00 
1 34 285 2U7 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 ~7 286 76 () 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOQ 
1 3 287 286 2m3 0 0 0 0 0 0 0 

0 290.00000 . 00000 00 
1 57 200 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 57 289 75 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOP 
1 3 290 289 292 0 0 0 0 0 0 0 

0 294.00000 . 00000 00 
1 57 291 75 0 0 0 0 0 · o 0 0 

0 0.00000 . 00000 OOP 
1 31 292 291 ' 29) 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 293 55 0 0 0 0 0 0 0 0 

. 0 0.00000 . 00000 OONX1' 
1 34 303 )07 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 304 76 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOQ 
1 31 305 )04 306 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 306 55 () 0 0 0 0 0 0 0 

0 0.00000 . 00000 OONXT 
1 3 307 305 )08 0 0 0 0 0 0 0 

0 310 .00000 . 00000 00 
1 57 308 73 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOIIEAD 
1 57 309 73 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOHBAD 
1 3 310 309 ) 11 0 0 .. 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 311 76 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOQ 
71 294 295 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
29 295 299 )03 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 296 7G 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOQ 
1 31 297 296 298 0 0 0 0 0 0 0 

0 302.00000 . 00000 00 
1 57 298 43 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOCOUNT 
62 299 300 )01 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 300 0 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00= 
1 09 301 297 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
100 302 4 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 100 
1 57 312 76 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOQ 
88 270 279 213) 0 0 0 0 0 0 0 

0 )13.00000 . 00000 00 
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1 67 279 281 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 280 75 0 0 0 0 0 0 0 0 
0 284.00000 .00000 OOP 

62 281 282 2U) 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 282 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00/= 

109 283 280 0 0 0 0 0 0 0 0 
0 0.00000 .00000 . 00 

1 57 284 74 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOTAIL 

1 3 313 312 314 0 0 0 0 0 0 0 
0 316.00000 . 00000 00 

1 57 314 73 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOliEAD 

1 34 324 326 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 325 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOPUT 

1 09 327 329 0 0 0 0 0 0 0 0 
0 0.00000 00000 00 

1 1 9 326 325 327 0 0 0 0 0 0 0 
0 332.00000 . 00000 00 

1 57 328 76 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOQ 

1 31 329 )28 330 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 330 37 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOKEY 

1 57 331 86 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 ooz 

1 3 332 331 334 0 0 0 0 0 0 0 
0 339.00000 . 00000 00 

1 57 333 8 G 0 0 0 0 0 0 0 0 
0 337.00000 . 00000 ooz 

62 334 535 336 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

138 335 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00-

1 09 336 333 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

100 337 4 0 0 0 0 0 0 0 0 
0 0.10000+001 . 00000 1 01 

1 57 338 81 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOT 

1 3 339 33£3 341 0 0 0 0 0 0 0 
0 344.00000 . 00000 00 

1 57 340 76 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOQ 

1 31 341 340 342 0 () 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 342 49 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOTHAIL 

1 57 343 '/G 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOQ 

1 3 344 343 346 0 () 0 0 0 0 0 
0 349.00000 . 00000 00 

1 57 345 76 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OOQ 
1 31 346 345 . :547 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 347 55 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONXT 
1 34 357 359 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 35U 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 3 359 )58 )61 0 0 0 0 0 0 0 

0 366.00000 .00000 00 
1 57 360 8 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00'1.' 
1 ) 1 361 360 362 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 362 64 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOID 
1 57 363 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 31 364 363 365 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 365 43 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOCOUNT 
62 370 371 372 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
13U 371 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00-
1 09 372 368 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 373 4 0 0 0 0 0 0 0 0 

0 0.10000+001 .00000 1 01 
1 3 366 364 370 0 0 0 0 0 0 0 

0 374.00000 .00000 00 
1 57 367 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 31 368 367 )69 0 0 0 0 0 0 0 

0 373.00000 .00000 00 
1 57 369 43 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOCOUN'f 
1 34 383 387 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 384 75 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOP 
1 31 385 384 3U6 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 386 55 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONXT 
1 3 387 385 )UU 0 0 0 0 0 0 0 

0 390.00000 .00000 00 
1 57 38U 76 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOQ 
1 57 389 76 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOQ 
1 3 390 389 391 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 391 75 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOP 
71 374 375 0 0 0 0 0 0 0 0 

0 393.00000 .00000 00 
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29 375 579 ) 8 ) 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 )76 75 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOP 

1 31 377 57 G 37U 0 0 0 0 0 0 0 
0 302.00000 .00000 00 

1 57 37U '1 '.1 - .) 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUNT 

62 )79 300 3U1 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 )8 380 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00= 

1 09 381 377 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 3U2 4 0 0 0 0 0 0 0 0 
0 0.00000 .ooooo 100 

1 57 )92 81 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOT 

1 3 393 39 2 395 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 )94 8 1 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00'1' 

1 ) 1 j~) )~4 )'.Ju 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 396 69 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONXT 

86 348 )50 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOINNER 

92 349 )48 350 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

08 350 35 1 357 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 67 351 353 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 )52 81 0 0 0 0 0 0 0 0 
0 356.00000 .()0000 OO'r 

62 35) :5?4 ))) 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

138 354 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00/= 

1 09 355 352 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

95 356 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

92 316 3 15 317 0 0 0 0 0 0 0 
0 397.00000 .00000 00 

e8 )17 318 324 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

167 )18 320 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 319 76 0 0 0 0 0 0 0 0 
0 )23.00000 .00000 OOQ 

62 320 32 1 '/. ') '"> 
.)<-L 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 321 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00/= 
1 09 322 319 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
95 323 0 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 00 
1 34 404 406 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 405 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOPU'f 
1 09 407 408 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
11 9 406 40 5 407 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 35 408 0 0 0 0 0 0 0 0 0 

409 0.00000 .00000 oo" '11lln> SE'l1 IS NOT 
487 409 0 0 0 0 0 0 0 0 0 

4 10 0.00000 .00000 00 PAHTIALLY OHDER 
487 410 0 0 0 0 0 0 0 0 0 

0 0.00000 .ooooo OO.ED." 
1 57 399 86 0 0 0 0 0 0 0 0 

0 403.00000 .00000 002 
62 400 401 402 0 0 0 0 0 0 0 

0 0.00000 .ooooo 00 
138 401 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00= 
1 09 402 399 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 403 4 0 0 0 0 0 0 0 0 

0 0.00000 .00000 100 
86 315 317 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOOUTim 
71 397 398 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
29 398 400 404 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 9 1 6 1 7 176 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
137 107 97 ~6 10U 0 0 0 0 0 0 

0 0.00000 .00000 00 
27 1 2 0 0 1 5 0 0 0 0 0 0 

0 0.00000 .00000 00 
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1 2. 2. APPENDIX I VlJ. 

28 1 1 1 2 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 18 13 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

11 7 14 1) 1 G 0 0 0 0 0 0 0 
0 0.00000 .00000 OOIN3EH'r 

1 37 1 5 14 1) 1 6 0 0 0 0 0 0 
0 0.00000 .00000 00 

82 1 7 18 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 49 18 1 :J 0 0 0 0 0 0 0 0 
0 20.00000 .00000 00 

1 50 1 9 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONODB 

149 20 2 1 0 22 0 0 0 0 0 0 
0 25.00000 .00000 00 

1 50 21 22 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOHl~l'' 

3 22 2 ) 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

3.3 23 24 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 24 1 9 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONODE 

123 27 28 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

70 29 )0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

24 30 3 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOKBY 

)3 )1 32 0 4 4 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 32 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOINTBGER 

1 GO 28 29 0 31 0 0 0 0 0 0 
0 33.00000 .00000 00 

70 34 3 5 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

24 35 36 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUNT 

33 36 37 0 4 4 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 37 4 0 0 0 0 0 · 0 0 0 
0 0.00000 .00000 OOINTEGER 

160 33 :5 4 0 3G 0 0 0 0 0 0 
0 38.00000 .00000 00 

70 39 40 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

24 40 41 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONXT 

33 41 4 2 0 0 22 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 42 21 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOREF 

160 38 39 0 41 0 0 0 0 0 0 
0 0.00000 .00000 00 
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1 49 25 26 0 27 0 0 0 0 0 0 
0 45.00000 .00000 00 

1 50 26 27 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONODE 

70 43 44 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 G 1 44 4G 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOK 

1 60 45 4) 0 4G 0 0 0 0 0 0 
0 JO.OOOOO .00000 00 

33 4G 47 0 tl 4 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 47 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOINTEGEl\ 

100 61 4 0 0 0 0 0 0 0 0 
0 64.00000 .00000 100 

95 64 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 54 26 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OONODB 

5 55 58 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

100 5U 4 0 0 0 0 0 0 0 0 
0 61 .00000 .00000 100 

70 48 49 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 49 51 5) 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOHOO'r 

11 0 67 68 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

72 68 69 71 73 0 0 0 0 0 0 
0 74.00000 . 00000 00 

70 69 70 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

73 70 71 73 0 0 0 0 0 0 0 
0 0.00000 . 00000 oox 

33 71 72 0 4 4 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 72 4 () 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOIN1'BGEl{ 

1 66 73 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

75 74 75 77 '{<) 0 0 0 0 0 0 
0 0.00000 . 00000 00 

70 75 7G 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

76 76 77 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOBASE 

33 77 78 0 0 22 0 0 0 0 0 
' 0 0.00000 . 00000 00 

1 57 7U 21 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOHEl" 

1 66 79 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1GO 50 ~. u ~j ~ 1 0 0 0 0 0 0 
0 eo.ooooo .00000 00 

118 65 67 0 0 0 0 0 0 0 0 
0 o.ooooo .ooooo 00 

1 1 7 66 G5 [31 0 0 0 0 0 0 0 
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0 0.00000 .00000 OOSEATICH 
33 51 52 0 0 22 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 52 21 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oonm•' 
7 53 54 55 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
82 82 85 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
70 U3 84 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 61 84 86 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oow 
1 60 85 83 0 86 0 0 0 0 0 0 

0 90.00000 . 00000 00 
33 86 87 0 0 22 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 87 21 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOHEli' 
70 88 89 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 61 89 91 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 0013 
1 34 93 95 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 94 84 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOH 
1 3 95 94 96 0 0 0 0 0 0 0 

0 98.00000 . 00000 00 
1 57 96 76 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOBASE 
1 57 Y7 89 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOB 
1 3 98 97 9Y 0 0 0 0 0 0 0 

0 100.00000 . 00000 00 
1 58 99 0 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 10TRUE 
134 1 1 1 11 2 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 34 1 21 123 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 122 89 0 0 0 0 0 -o 0 0 

0 0.00000 . 00000 OOB 
1 3 123 122 124 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 58 124 0 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 10l"ALSE 
29 1 1 3 11 7 1 2 1 0 0 0 0 0 0 0 

0 125.00000 . 00000 00 
29 125 126 127 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 34 127 129 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 128 84 0 0 () 0 0 0 0 0 

0 0.00000 .00000 oow 
1 3 129 12U 1 31 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 130 84 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oow 
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1 31 1 31 130 132 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 132 40 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONXT 

71 11 2 11 3 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 11 4 8 4 0 0 0 0 0 0 0 0 
0 0.00000 .ooooo oow 

1 31 11 5 1 1 1\- 1 1 G 0 0 0 0 0 0 0 
0 120.00000 .00000 00 

1 57 11 6 30 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOKEY 

62 1 1 7 1 1 u 1 1 9 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

138 118 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00= 

1 09 11 9 1 1 I) 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 120 70 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oox 

1 66 1 26 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

62 107 1 08 109 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 108 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOAND 

1 09 109 103 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 11 0 U9 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOB 

88 100 1 0 1 1 1 1 0 0 0 0 0 0 0 
0 133-00000 .00000 00 

167 1 01 107 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 102 8 4 0 0 0 0 0 0 0 0 
0 106.00000 .00000 OOVI 

62 103 104 105 0 0 0 0 0 0 0 
0 110.00000 .00000 00 

1 38 104 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00/= 

1 09 105 102 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

95 106 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 34 13G 13U 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 137 8 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oow 

1 3 138 137 13 9 0 0 0 0 0 0 0 
0 141 . 00000 .00000 00 

1 57 139 7 6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 0013/\ S:E 

157 140 7 6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOBA8E 

1 00 150 4 0 0 0 0 0 0 0 0 
0 153.00000 .00000 100 

95 153 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 143 26 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OONODJ~ 

5 144 1~7 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 14 7 4 0 0 0 0 0 0 0 0 
() 150.00000 .ooooo 100 

1 57 1 54 76 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OODASE 

1 31 1 55 154 156 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 56 30 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOKEY 

1 3 1 41 140 142 0 0 0 0 0 0 0 
0 157.00000 .00000 00 

7 142 143 144 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 3 1 57 1 ~) 1~U 0 0 0 0 0 0 0 
0 162.00000 .00000 00 

1 57 1 58 70 0 0 0 0 0 0 0 0 
0 0.00000 .00000 oox 

1 57 1 59 76 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OODA~m 

1 31 160 1 ~~ 1 G 1 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 61 35 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUNT 

1 3 1 62 160 1G) 0 0 0 0 0 0 0 
0 0.00000 00000 00 

100 1 63 4 0 0 0 0 0 0 0 0 
0 0.10000+001 .00000 1 01 

29 134 135 1)6 0 0 0 0 0 0 0 
0 164.00000 .00000 00 

29 164 1 65 1 GG 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 34 166 170 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 167 U4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVI 

1 31 1 68 167 16~ 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 69 35 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUNT 

1 3 170 16e 174 0 0 0 0 0 0 0 
0 0.00000 .ooooo 00 

1 57 1 71 84 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00\J 

1 31 172 1 71 173 0 0 0 0 0 0 0 
0 177.00000 .00000 00 

1 57 173 35 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOUN'r 

62 174 175 1 7 G 0 () 0 0 0 0 0 
0 0.00000 .00000 00 

138 175 0 0 0 0 0 0 0 0 0 
0 o.ooooo .00000 00+ 

1 09 176 172 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 177 4 0 0 0 0 0 0 0 0 
0 0.10000+001 . 00000 1 01 

166 165 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 
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71 133 134 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

157 1 35 89 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOB 

1 9 81 82 ~3 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

160 90 ue () ~ 1 0 0 0 0 0 0 
0 0.00000 .00000 00 

33 91 ~ 2 0 () 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 ~2 () 0 () () 0 0 0 0 0 
0 0.00000 . 00000 OOJ300.L J•:.l\ N 

1 1 0 1uO 1 u 1 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

72 1 u 1 1 U2 1 u~ 1 U() () 0 0 0 0 0 
0 0.00000 .00000 00 

70 182 183 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

73 1 U) 1 u~. 1 BG 0 0 0 0 0 0 0 
0 0.00000 .00000 oov 

33 1 U4 1 e? 0 0 ') ' ) 
, _ L. 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 H35 21 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOHEI<' 
1 G6 186 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 37 80 66 65 8 1 0 0 0 0 0 0 

0 187.00000 .00000 00 
118 178 H30 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 1 7 179 178 188 0 0 0 0 0 0 0 

0 0.00000 .00000 OOPHIU'rLIS'r 
134 189 190 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 34 197 1 ~ 9 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 198 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOPU'l' 
1 09 200 202 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 1 9 199 19 <.3 200 0 0 0 0 0 0 0 

0 205.00000 .00000 00 
1 57 201 H3) 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oov 
1 31 202 ~0 1 ~()) 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 20) )0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOKEY 
1 57 204 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOPU'l' 
109 206 208 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
11 9 205 204 20G 0 0 0 0 0 0 0 

0 211.00000 .00000 00 
1 57 207 1 U) 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oov 
1 31 208 207 209 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 209 3? 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OOCOVN'J' 
1 57 210 1ll3 0 0 0 0 0 0 0 0 

0 0.00000 .0000() oov 
1 3 21 1 2 10 2 1) 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 212 1ll ) 0 0 0 0 0 0 0 0 

0 0.00000 .00000 oov 
1 31 21) 2 12 2 H 0 0 0 0 0 0 0 

() 0.00000 .00000 00 
1 57 214 40 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONX'l' 
88 1 ~0 1 ~ 1 1 ~7 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 67 1 9 1 193 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 192 1ll3 0 0 0 0 0 0 0 0 

0 196.00000 .00000 oov 
62 1 ~3 1 94 1 <:15 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 1 94 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00/= 
1 09 1 95 19 2 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
95 196 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 9 188 0 1ll9 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
134 215 217 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 216 0 () 0 0 0 0 0 0 0 

0 0.00000 .00000 OOGET 
109 218 219 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 1 9 217 216 2 1ll 0 0 0 0 0 0 0 

0 220.00000 .00000 00 
1 57 219 44 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOK 
134 227 229 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 228 66 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OO:JE/\HCII 
1 09 2)0 23 1 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 231 44 0 0 0 0 0 0 0 0 

0 232.00000 .00000 OOK 
1 1 9 229 228 2)0 0 0 0 0 0 0 0 

0 234.00000 .00000 00 
1 57 232 ~9 () 0 0 0 0 0 0 0 

0 0.00000 .00000 OOHOO'l' 
1 57 233 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOGET 
1 09 235 23 6 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 236 44 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOK 
1 1 9 234 233 2)5 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
157 237 179 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOPHIN1'1I8T 
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88 220 221 227 0 0 0 0 0 0 0 
0 238.00000 .ooooo 00 

1 67 221 22 ) 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 222 44 0 0 0 0 0 0 0 0 
0 226.00000 .00000 OOK 

62 223 22 4 225 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 224 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00/= 

1 09 225 ~2 2 {) 0 0 0 0 0 0 0 
0 0.00000 .ooouo 00 

100 226 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 1 00 

1 09 239 240 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 1 9 23U 237 2YJ 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 240 1). 9 0 0 {) 0 0 0 0 0 
0 0.00000 .00000 OOHOO'l' 

1 9 1 6 17 215 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

137 187 179 17U 18U 0 0 0 0 0 0 
0 0.00000 . ()0( )( )() uo 

27 1 2 0 0 1 5 0 0 0 0 0 0 
0 0.00000 .00000 00 
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1 2. 3. APPBNDIX I Vc. 

28 1 1 1 2 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

118 1 3 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

11 7 14 1 j 1 G 0 0 0 0 0 0 0 
0 0.00000 .ooooo oov 

1 37 1 5 1 4 1 j 1 G 0 0 0 0 0 0 
0 0.00000 .00000 00 

82 1 7 1 u 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

149 18 1 9 0 20 0 0 0 0 0 0 
0 24.00000 .00000 00 

150 1 9 20 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOIN'l'EGEH 

81 20 2 1 4 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 22 21 22 23 4 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 22 4 0 0 0 0 0 0 0 0 
0 0.10000+00 1 .00000 1 01 

100 23 4 0 0 0 0 0 0 0 0 
0 0.50000+002 .00000 1050 

1 49 24 2 5 0 26 0 0 0 0 0 0 
0 33.00000 .00000 00 

1 50 25 26 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOLOUR 

49 26 27 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

48 27 2 6 0 0 0 0 0 0 0 0 
0 28.00000 .00000 10RED 

48 . 28 26 0 0 0 0 0 0 0 0 
0 29.10000+001 .00000 100HANGE 

48 29 26 0 0 0 0 0 0 0 0 
0 30.20000+00 1 .00000 1 OYEJ1JJOW 

48 30 2 6 0 0 () 0 0 0 0 0 
0 0.30000+00 1 .00000 1 OGHlmN 

70 31 32 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 32 3 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOHOBOT 

1 60 33 3 1 0 )4 0 0 0 0 0 0 
0 39.00000 .00000 00 

33 34 35 0 26 26 26 0 0 0 0 
0 0.00000 .00000 00 

1 57 35 2 5 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOLOUH 

70 36 37 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 37 40 0 0 0 0 0 0 0 0 
0 38.00000 .00000 OOVAH2 

1 61 38 40 0 0 0 0 0 0 0 0 
0 . 0.00000 .00000 OOVAH1 

1 34 42 4 3 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

87 43 4 4 46 0 0 0 0 0 0 0 
0 48.00000 .00000 00 
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86 44 4 6 . 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLAB1 

1 57 45 38 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH1 

1 3 46 4 5 47 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 47 4 () 0 0 0 0 0 0 0 
0 0. 20000-1·00 1 . 00000 102 

87 48 4 S) ~ 2 0 0 0 0 0 0 0 
0 55.00000 .00000 ()() 

86 49 52 0 0 0 0 0 0 0 0 
0 50.00000 .00000 00J.JAJ32 

86 50 52 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLAB3 

1 57 51 37 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH2 

1 3 52 51 53 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 53 38 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH1 

1 57 54 37 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH2 

1 3 55 54 56 0 0 0 0 0 0 0 
0 57.00000 .00000 00 

100 56 4 · o 0 0 0 0 0 0 0 
0 0.10000+002 .00000 1 010 

97 57 0 0 0 0 0 0 0 0 0 
0 58.00000 .00000 00 

69 58 59 0 0 0 0 0 0 0 0 
0 60.00000 .00000 00 

1 57 59 49 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLAB2 

1 57 61 44 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLAB1 

69 60 61 0 0 0 0 0 0 0 0 
0 62.00000 .00000 00 

69 62 63 0 0 0 0 0 0 0 0 
0 64.00000 .00000 00 

1 57 63 50 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOIJAB) 

1 34 70 71 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

9 72 7 4 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 7'5 ) U 0 () 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH1 

22 75 76 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 34 78 79 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

82 80 8 3 0 0 0 0 0 0 0 0 
0 o.ooooo · .00000 00 

70 81 82 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 61 82 84 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH4 

1 34 86 88 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 87 82 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OOVAH4 
1 3 88 07 90 0 0 0 0 0 0 0 

0 95.00000 .00000 00 
1 00 89 3 0 0 0 0 0 0 0 0 

0 93-45000+001 .00000 104.5 
62 90 91 92 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 31:3 91 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00* 
1 09 92 89 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 93 ) 0 0 0 0 0 0 0 0 

0 0.3)000+001 .00000 10).) 
1 57 94 02 0 () 0 0 0 0 0 0 

0 0.00000 .00000 OOVAH4 
1 3 95 9~- 97 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 96 82 0 0 0 0 0 0 0 0 

0 100.00000 .00000 OOVAR4 
62 97 98 99 0 0 0 0 0 0 0 

0 0.00000 . ( )0()()() 0() 
ljU ')U () () u () () () 0 0 0 

(J o.uuuuo .uuouu ()()X X 

1 09 99 96 0 0 0 0 0 0 0 0 
0 0.00000 . OOCJOO 00 

100 100 4 0 0 0 0 0 0 0 0 
0 0.20000+001 .00000 102 

1 9 79 t30 UG 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

160 03 01 0 EH 0 0 0 0 0 0 
0 0.00000 .00000 00 

33 84 85 0 3 3 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 85 3 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOl~LOA'r 

8 74 75 7fJ 0 0 0 0 0 0 0 
0 101 . 00000 .00000 00 

100 76 4 0 0 0 0 0 0 0 0 
0 0.10000+001 .00000 1 01 

100 77 4 0 0 0 0 0 0 0 0 
0 0.20000+001 .00000 102 

22 102 103 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 34 104 105 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 34 107 109 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

157 108 38 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH1 

1 3 109 108 1 1 1 0 0 0 0 0 0 0 
\1 I I ~ . uuuuu • ( )( )( )( 1( ) ( )() 

1 ~·/ 1 1 0 '/_f) 
_)(J () () 0 0 0 0 0 0 

0 114.00000 . 00000 OOVAH1 
62 1 1 1 1 1 2 1 1 3 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
138 11 2 0 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00+ 
109 11 3 11 0 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
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100 11 4 4 0 0 0 0 0 0 0 0 
0 0.10000+00 1 .00000 1 01 

52 11 5 11 G 11 u 105 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 66 1 1 6 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 11 7 3U 0 0 0 0 0 0 0 0 
0 121 . 00000 .00000 OOVAH1 

62 1 H3 11 ~ 120 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 11 9 0 0 0 0 0 0 0 0 0 
0 0.00000 .ooooo · 00= 

109 120 11 7 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 1 21 4 0 0 0 0 0 0 0 0 
0 0.10000+002 .00000 1010 

1 66 106 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

88 105 106 107 () 0 0 0 0 0 0 
() 0 . Ol)O() \ l . ( )( )( )( )( ) ( )() 

8 1 01 102 104 0 () 0 0 0 0 0 
0 122.00000 .00000 00 

100 103 4 0 0 0 0 0 0 0 0 
0 0.30000+001 .00000 103 

1 34 1 25 12 6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

97 1 26 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

21 71 7 3 7 2 0 0 0 0 0 0 0 
0 128.00000 .00000 00 

8 122 123 1 25 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

22 123 124 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

102 124 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 27 3U 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH1 

1 ) 12U 127 1 2 l) 0 0 0 0 0 0 0 
0 131.00000 .00000 00 

1 57 1 29 37 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH2 

1 57 130 37 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAR2 

1 3 1 31 130 132 0 0 0 0 0 0 0 
0 133-00000 .00000 00 

100 132 4 0 0 0 0 0 0 0 0 
0 0.20000+002 .00000 1020 

52 133 134 13:> c.;n 0 0 0 0 0 0 
tJ o.uuuuu .uuuuu uu 

1 57 1 34 GG 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OONANED1 

166 135 0 0 0 0 0 0 0 0 0 
0 o.ooooo .00000 00 

87 64 65 67 0 0 0 0 0 0 0 
0 137.00000 . 00000 00 

86 65 67 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOLAl34 

86 66 60 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OONAMr:D1 
92 67 66 68 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
88 68 6 9 70 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 66 69 0 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 00 
1 57 144 3U 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOVAH1 
1 34 143 14 5 0 0 0 0 0 0 0 0 

0 0.00000 .ooooo 00 
1 3 145 144 147 0 0 0 0 0 0 0 

0 152.00000 .00000 00 
1 57 146 j U 0 0 0 0 0 0 0 0 

0 150.00000 .00000 OOVAI11 
62 147 14U 14~ 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
138 14U 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00+ 
1 09 149 146 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 150 4 0 0 0 0 0 0 0 0 

0 0.10000+001 .00000 1 01 
1 57 1 51 37 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOVAR2 
1 3 1 52 1 51 154 0 0 0 0 0 0 0 

0 158.00000 .00000 00 
157 1 5:5 37 0 0 0 0 0 0 0 0 

0 157.00000 .00000 OOVAH2 
62 1 54 1 55 156 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 1 55 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00+ 
1 09 156 1 53 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 1 57 38 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOVAR1 
52 1 58 15 9 1 G 1 138 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 1 59 136 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONAMED2 
. 1 57 160 38 0 0 0 0 0 0 0 0 

0 164.00000 .00000 OOVAH1 
62 1 61 1 62 163 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 1 62 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00= 
109 163 160 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 164 4 0 0 0 0 0 0 0 0 

0 0.30000+001 .00000 103 
92 137 136 1 )8 0 0 0 0 0 0 0 

0 166.00000 .00000 00 
88 138 139 143 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
56 139 140 1 4 1 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
83 140 1 41 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOI 
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33 141 142 0 26 26 26 0 0 0 0 
0 0.00000 .00000 00 

157 142 25 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOCOLOUR 

82 Hi8 1 7 1 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

70 1 69 170 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 G 1 170 · 1 Tt!. 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH3 

1 34 174 17 6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 75 170 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAn ) 

1 3 176 17 5 177 0 0 0 0 0 0 0 
0 178.00000 .00000 00 

100 177 j 0 0 0 0 0 0 0 0 
0 0.33000+00 1 .00000 103.) 

1 34 1 U5 1U7 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 186 170 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH3 

100 1 U8 3 0 0 0 0 0 0 0 0 
0 0.66000+001 .00000 1 OG. G 

1 3 187 H36 1 UG 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

71 178 1 7 Sl 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

29 179 1 81 185 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 uo 3U 0 0 0 0 0 0 0 0 
0 184.00000 .00000 OOVAH1 

62 181 H32 1 B3 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 38 182 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00= 

1 09 1U3 180 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 1 U4 )'( 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH2 

92 166 1 G) 1 G7 0 0 0 0 0 0 0 
0 1U9.00000 .00000 00 

1 9 1 67 16U 1'74 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 60 1 71 16 9 0 172 0 0 0 0 0 0 
0 0.00000 .00000 00 

33 172 17 3 0 3 3 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 17) 3 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOli'LOAT 

1 34 196 197 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

134 204 20 6 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

1 57 205 ) B 0 0 0 0 0 0 0 0 
0 o.ooooo .00000 OOVAH1 

1 3 206 205 207 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

100 207 4 0 0 0 0 0 0 0 0 
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0 0.50000+001 .00000 105 
29 198 ~00 204 0 0 0 0 0 0 0 

0 208.00000 .00000 00 
1 34 214 21G 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 215 38 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOV.t\H1 
1 3 216 21 5 217 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 00 217 4 0 0 0 0 0 0 0 0 

0 0.70000+001 .00000 107 
29 208 2 10 214 0 0 0 0 0 0 0 

0 218.00000 .00000 00 
1 34 224 22G 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 225 38 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOVAR1 
1 3 226 225 227 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 227 4 0 0 0 0 0 0 0 0 

0 0.~00001 00 1 .oouuo I U) 
29 2 1H ~?.0 :! ;; ~ 0 0 0 0 0 0 0 

0 228.00000 . 00000 00 
29 228 22 9 230 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 57 231 38 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OOVAR1 
134 230 232 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 3 232 231 233 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 233 4 0 0 0 0 0 0 0 0 

0 0.30000+001 .00000 103 
71 1 ~7 1 98 0 0 0 0 0 0 0 0 

0 234.00000 .00000 00 
1 57 19~ )7 () 0 0 0 0 0 0 0 

0 203.00000 .00000 OOVAH2 
G2 200 201 202 0 0 0 0 0 0 0 

0 0.00000 .uouoo 00 
1 )8 201 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00= 
1 09 202 199 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
100 203 4 0 0 0 0 0 0 0 0 

0 0.10000+002 .00000 1010 
1 57 209 37 0 0 0 0 0 0 0 0 

0 213.00000 .00000 OOVAR2 
62 210 211 212 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 38 211 0 0 0 0 0 0 0 0 0 

0 0.00000 .00000 00= 
I 00 2 12 ~0~ u () u 0 0 0 0 0 

0 0.00000 . 00000 ()() 

1 00 213 1\- 0 0 0 0 0 0 0 0 
0 0.90000+001 .00000 109 

1 57 219 )7 0 0 0 0 0 0 0 0 
0 223.00000 .00000 OOVAR2 

62 220 221 222 0 0 0 0 0 0 0 
0 0.00000 .00000 00 
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1 38 221 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00= 

109 222 219 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 00 22) 4 0 0 0 0 0 0 0 0 
0 0.70000+001 . 00000 107 

1 66 229 () 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

52 234 235 2)G 1 WJ 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 G6 235 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 66 236 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

8U 1 1:3 <j 190 1 <j 6 0 0 0 0 0 0 0 
0 237.00000 . 00000 00 

1 G7 190 192 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 1 91 38 0 0 0 0 0 0 0 0 
0 195.00000 . 00000 OOVAR1 

62 192 193 1 <j4 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

138 193 0 0 0 0 0 0 0 0 0 
() 0 . 00000 .00000 OO< 

1 09 1 94 1 91 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 00 195 4 0 0 0 0 0 0 0 0 
0 0.10000+002 . 00000 1010 

1 34 243 245 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 57 244 32 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOROBOT 

1 3 245 244 246 0 0 0 0 0 0 0 
0 247.00000 . 00000 00 

1 57 246 239 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 OOJ 

1 26 247 24U 0 0 0 0 0 0 0 0 
0 249.00000 . 00000 00 

1 66 24U 0 0 0 0 0 0 0 0 0 
0 0.00000 . 00000 00 

1 26 249 250 0 0 0 0 0 0 0 0 
0 251 .00000 .00000 00 

157 250 38 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOVAH1 

97 251 0 0 0 0 0 0 0 0 0 
0 0.00000 .00000 00 

88 2)7 23U 243 0 0 0 0 0 0 0 
0 253.00000 .00000 00 

1 27 238 239 240 0 0 0 0 0 0 0 
> 0 0.00000 .00000 00 

83 239 26 0 0 0 0 0 0 0 0 
0 0.00000 .00000 OOJ 

1 22 240 241 242 26 0 0 0 0 0 0 
0 0.00000 .00000 00 

I S8 241 ) 0 ~ G u 0 0 0 0 0 0 
0 0.00000 .00000 1 OGREEN 

1 58 242 27 26 0 0 0 0 0 0 0 
0 o.ooooo .00000 10RED 

1 57 252 32 0 0 0 0 0 0 0 0 
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0 0.00000 .00000 OOROBOT 
86 1 65 1 67 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONAMJi:Dj 
1 3 253 252 254 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
86 136 138 0 0 0 0 0 0 0 0 

0 0.00000 .00000 OONAMED2 
158 254 30 26 0 0 0 0 0 0 0 

0 0.00000 .00000 10GREEN 
1 9 1 6 1 7 42 0 0 0 0 0 0 0 

0 0.00000 .00000 00 
1 60 39 3G 0 40 0 0 0 0 0 0 

0 0.00000 . 00000 00 
33 40 41 0 4 20 21 0 0 0 0 

0 0.00000 .00000 00 
1 57 41 1 Sl 0 0 0 0 0 0 0 0 

0 0.00000 . 00000 OOIN'rEG.lm 
27 1 2 0 0 1 ~ 0 0 0 0 0 0 

0 0.00000 .00000 00 
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