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Abstract 

. cs.net 

We describe the automatic generation of a complete, realistic 
compiler from formal specifications of the syntax and seman- 
tics of Sol/C, a nontrivial imperative language “sort of like 
C.” The compiler exhibits a three pass structure, is efficient, 
and produces object programs whose performance characteris- 
tics compare favorably with those produced by commercially 
available compilers. To our knowledge, this is the first time 
that this has been accomplished. 

1 Introduction 

We report on our experimentation with the semantics directed 
compiler generator MESS. In earlier papers [l&86] [LeP87] 
[PlL87] we have already described the semantic foundations 
of our high-level semantics approach to language specitica- 
tion. and the principles embodied by our system. MESS auto- 
matically produces realistic compiler implementations from the 
high-level semantics of a language. The generated compilers 
are realistic in the following sense: 

1. They compile nontrivial imperative programming lan- 
guages into object code for standard machine architec- 
tures. 

2. Their internal structure resembles that of conventional 
non-optimizing compilers. Specifically. MESS-generated 
compilers consist of three passes which communicate via 
intermediate languages. They perform the usual com- 
pile time computations, such as type checking, at compile 
time. 

3. Both the compilers and the object code they produce ex- 
hibit good performance characteristics. In particular, the 
size and speed of the object programs compare favorably 
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with the size and speed of code produced by commercially 
available non-optimizing compilers. 

The structure of this paper is as follows. The next section 
briefly reviews the architecture of the MESS system. Section 3 
informally describes the language Sol/C. and sketches small 
portions of the various specifications from which the Sol/C 
compiler is obtained. Section 4 discusses the generation of the 
compiler. In Section 5, the transformation of a small source 
code fragment into assembly code is traced through the com- 
piler passes. Section 6 evaluates the performance of the Sol/C 
compiler and the object code it produces. Section 7 discusses 
our extensive experience with the MESS system during the past 
two years. Finally, we summarize related work in Section 8, 
and sketch future research endeavors. 

2 The Semantics Directed Compiler Gener- 
ator MESS 

Figure 1 shows the overall s&ucture of the MESS system, which 
runs on an IBM PC. It consists of two major components, the 
front-end generator FrEGe [Ple87], and the semantics analyzer 
SA. FrEGe processes a context-free grammar together with tree- 
building rules and declarations of syntactic domains (FE spec.). 
It produces LALR( 1) parse tables, syntax error recovery tables, 
and tree building tables for a skeletal compiler front-end (FE), 
along with a description of the abstract syntax interface (AS 
spec.) for the semantics analyzer. This interface is used by the 
semantics analyzer to ensure that the abstract syntax expres- 
sions appearing in semantic equations match the tree shapes 
produced by the compiler front-end. The generated front-ends 
and FrEGe itself are written in TURBO Pascal lBor85]. 

The semantics analyzer SA is written in TI PC SCHEME 
m87]. It processes both the semantic and microsemantic 
specifications, written in an extension of the applicative subset 
of Standard ML [Mil85]. A microsemantic specification (Mi 
spec.) defines the names and types of operators (signature) in 
a semantic algebra of actions, together with an interpretation 
for the algebra. ‘Ibe signature is exported to a (macro)semantic 
specification via a microsemantics interface file (Mi int.). The 
implementation of the operators is transformed into an equiv- 
alent SCHEME program. Note that any two microsemantic 
specifications which yield identical signatures are “plug com- 
patible.” In this paper, we describe a formal specification for 
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a code generator (CC spec.). and the resulting code gcncrator 
implementation (03). 

The (macro)semantic definition (Ma spec.) of a language 
uses both the abstract syntax and microsemantic interface files. 
It describes the static semantic aspects of the language and 
a translation to terms of action operator applications. These 
prefix form operator terms (POTS) may quite comfortably be 
viewed as sentences in a high-level intermediate language di- 
rectly based on the formal semantics of the language. The 
semantics analyzer generates the compiler core (CC), written 
in SCHEME, from the semantics. 

The resulting compilers consist of three passes. The front 
end parses the source file and writes a SCHEME S-expression 
representing an abstract syntax tree (AST) to a file. The com- 
piler core translates the AST to a POT, which is traversed by 
the code generator, yielding assembly code. With the exception 
of some constant folding and branch optimization performed by 
the code generator, optimizations are ignored. 

This picture of MESS shows the various phases of compiler 
generation. The semantics directed compiler writer provides 
specifications for the front-end, the macrosemantics. and the 
microsemantics (FE spec., Ma spec., and one of CC spec., X 
spec.. or AM spec.). The specification of the abstract syntax 
(AS spec.) is automatically provided by the front-end generator 
FrEGe. 

The semantics analyzer (SA) processes the semantic descrip- 
tions and generates the compiler core (CC). In addition, it pro- 
duces an implementation of the microsemantic operators in a 
form corresponding to the type of microsemantics specified: 
either a code generator (CG), a set of functions written in the 
X-calculus (X), or an abstract machine (AM). A microsemantics 
interface ble (Mi int.) is produced as a by-product of microse- 
mantics analysis, and this is used by the SA to process the 
macrosemantics. 

If a code generator is produced, the c6mbination of 
FE+CC+CG constitutes a realistic compiler. Otherwise, 
FE+CC is a compiler that produces prefix-form operator terms 
(POTS). These can be interpreted by either a X-calculus ma- 
chine enriched with the X-functions. or the abstract machine 
(AM). 

Figure 1: Das MESS. 

3 A Compiler Specification for Sol/C 

Informal Overview of Sol/C 

Sol/C is a strongly typed. imperative language “got-t of iike C.” 
It features two-level binding, recursive procedures with value 
and reference parameters, zero-based multidimensional arrays, 
integer, boolean, and character data ty-pes. arithmetic, relational, 
and boolean expressions. simple input and output, and the usual 
complement of control structures. Open (Le.. conformant) array 
parameters are always passed by reference. 

Figure 4 shows a fragment o’f a sample Sol/C program for 
multiplying matrices. 

In the following we sketch small portions of the various 
specifications from which the compiler is obtained. Due to the 
limited space, only the handling of procedures is described. 

Grammar and Tree-Building Rules 

Figure 5 shows an excerpt from the specification of the Sol/C 
grammar and tree-building rules. This specification is pro- 
cessed by FrEGe into a compiler front-end (parser and tree- 
builder) for Sol/C. The specification is approximately 600 lines 
long, 200 of which are either commentary or blank. 

Semantics 

The high-level semantic specification for Sol/C describes the 
static semantic constraints for Sol/C and the translation from 
syntax trees into terms belonging to a semantic algebra 
of a&vu. Actions may be declarative (belonging to do- 
main DACTION), imperative (IACTION), or value-producing 
(VACTION). The exact interpretation of the actions is given in 
a suitable microsemantic specification, such as the code gen- 
erator specification discussed in the next subsection. All static 
semantic errors are flagged by the compiler generated from the 
high-level semantics. 
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Figures 7 and 8 give a fragment of the semantic specification. 
The entire specification is about 1,300 well commented lines 
long. 

It is important to note that, given a suitable interpretation 
for the microsemantic operators, this specification formally de- 
scribes the semantics of Sol/C. The semantic foundations of 
high-level semantics are discussed in [plL87] and [Lee87]. 

Code Generator Specification 

The microsemantic specification fragment given in Figure 6 is 
one of several plug compatible interpretations we have written 
for the semantic algebra of actions. It is by far the most in- 
volved, as it describes the generation of machine code for the 
iAPX8086 processor. Other interpretations, e.g. a continuation- 
style denotational microsemantics, have also been specified and 
(automatically) implemented. These are discussed in [Lee87]. 

In its entirety, the specification for the Sol/C code generator 
consists of almost 300 functions, and is roughly 3,500 well 
commented lines long (about 2,100 lines without comments). 
Almost 500 of the 3,500 lines deal with the vagaries of code 
output. 

4 Generation of a Compiler for Sol/C 

The Front End 

The front end generator FrEGe converts the Sol/C grammar 
into Pascal tables which are incorporated into a skeletal parser 
and tree builder. The table sizes are as follows: 3.4K for parse 
tables, 0.75K for tree building tables, 0.75K for error recovery 
tables, and 2.6K for tables with symbolic information, such as 
grammar symbol names used in syntax error messages, and the 
names of node constructors used by the tree dumper. Front-end 
generation takes approximately 49 seconds. All timings given 
in this summary were taken on an IBM PC running with an 
8MHz iAPX80286 processor, 640K of main memory. and a 
20MB hard disk with 65 ms access time. 

Although the front end is written in TURBO Pascal, it 
is loaded as part of the Sol/C compiler when invoking the 
SCHEME system. The remainder of the compiler calIs the 
front end like a library routine. This is made possible through 
the external language calling interface provided by Version 3 
of TI PC SCHEME. 

The Compiler Core 

The MESS semantics analyzer takes 5 minutes and 45 seconds 
to produce a compiler core, written in SCHEME, from the Sol/C 
macrosemantics. This includes roughly 53 seconds for parsing 
the specification and writing its syntax tree to a file. 

The Code Generator 

Finally, the code generator specification is converted into a 
code generator for the 8086 in roughly 16 minutes. This time 
includes about 2 minutes and 45 seconds for parsing the speciti- 
cation and writing its abstract syntax tree to a file. We estimate 

that about one fifth of the time is spent in garbage collections, 
due to the limited amount of memory for the SCHEME heap 
(fewer than 290K bytes after loading MESS). 

5 Compilation of Sol/C Programs 

Invoking the Compiler 

The DOS command sole invokes the SCHEME system and 
causes it to load the three passes of the generated Sol/C wm- 
piler into memory. Note that TI PC SCHEME produces byte 
codes rather than native 8086 code. The various components of 
the Sol/C compiler occupy the following amounts of memory 
(in bytes): 

3 

This leaves about I60K for the SCHEME heap. It is then 
possible to compile Sol/C programs into assembly code by typ- 
ing (compylefile-name) at the SCHEME system. 

Parsing and Tree Building 

Figure 9 shows the abstract syntax tree produced by the front- 
end for the matrix initialization procedure discussed earlier. 
The tree is written to a file as a SCHEME S-expression, for 
subsequent analysis by the compiler core. 

Producing Intermediate Code 

The compiler cOre reads the AST from the file, performs type 
checking, and converts it to a POT. Note that the front-end and 
the compiler core must communicate via a disk file because 
the front-end (written in Pascal) does not have access to the 
SCHEME heap. The intermediate code produced by the Sol/C 
compiler wre for the in&Matrix procedure is given in Figure 10. 

Code Generation for the iAPX8086 Processor 

Finally, the code generator produces 8086 assembly code from 
the POT. The code for the matrix multiplication program is 
given in Figure 11. 

6 Performance Evaluation of the Compiler 

Program Compilation 

For the matrix multiplication program, the generated Sol/C 
compiler exhibits the following compile times: 

parsing and tree building 0.95 sets 
translation to POT 3.80 sets 
code generation 11.95 sets 
TOTAL 16.70 sets 
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The above times do not include the I/O overhead due to 
writing and reading the syntax tree. If the generated compiler 
core and code generator were compiled to native machine co& 
(recall that in the TI PC SCHEME system, programs are com- 
piled to interpreted byte codes), we believe they would run at 
least three times faster. We estimate that such a native code 
compiler would compile the matrix multiplication program in 
about 5 seconds. 

Object Code Execution 

We now compare the performance of four Sol/C object pro- 
grams with that of corresponding TURBO Pascal (Version 3.0) 
programs. All of the Pascal programs were compiled with op- 
tions for suppressing index and stack checking. The programs 
are: 

fib: compute the 22nd Fibonacci number 50 times 
sort: bubble sort 1000 numbers 
sieve: 30 iterations of the sieve of Eratosthenes 
matMult: 100 iterations of multipIying two 20x20 matrices 

Figure 2 shows the object code sixes for the programs. 

fib: 

sort: 

sieve: 

matMult : 

Key: .901/c 
Turbo Pascal 

Figure 2: Object code sires (in bytes). 

The execution times for the three programs also see the Sol/C 
generated code outperform the TURBO Pascal code, as shown 
in Figure 3. 

We can see that the Sol/C compiler performs quite well in 
compatison with a hand written compiler. Similar comparisons 
against other hand written compilers are given in [Lee87]. 

7 Correctness Concerns 

Is the Sol/C compiler provably correct with respect to the stan- 
dard denotational semantics of Sol/C? Unfortunately, only the 
compiler core is. The correctness of the code generator would 
have to be established by a tedious congruence proof involving 
the microsemantics which defines the operators as higher order 

fib: 

sort: 

matMult: 

sor/c 
Turbo Pascal 

Figure 3: Execution times (in seconds). 

functions in the &notational style. However, we now sketch 
ways of making this task less formidable. 

In general, the code generator speciiication needs to be bro- 
ken up into several passes, each of which implements a small 
set of transformations on the POT. For example, in a first pass, 
~CXIIIS involving high level operators such a, the Whi le oper- 
ator can be transformed into lower level terms involving labels 
and jumps. Such transformations are easy to validate with re- 
spect to a denotational interpretation of the While operator, 
as has been done in Stoy’s book, for example. A second pass 
could process the declaration operators and perform storage al- 
location. It should not be very difficult to validate this pass with 
respect to a denotational model which reflects certain charac- 
teristics of an “abstract target machine.” Finally, instruction 
selection and register allocation should occur in the last pass. 
Proving their correctness would be the most involved task. On 
the whole, however, the indicated separation of the code gener- 
ator specification into several modules would vastly simplify a 
proof that the resulting code generator, and therefore the entire 
compiler, is correct. 

8 A Critique of MESS 

We have been experimenting with MESS for almost two years 
now. Although the system was initially constructed as a testbed 
of some of the principles of high-level semantics, its usefulness 
for experimentation with compiler specifications has exceeded 
alI of our expectations. However, there are a number of short- 
comings which a more complete system must remedy in order 
to be a truly useful semantics directed compiler generator. 

1. The system needs to support ML style modules. At the 
present time, both the macrosemantic and microsemantic 
specifications must be written in one monolithic piece. 
More importantly, MESS does not ensure that microse- 
mantic names which are not exported to the macroseman- 
tics are placed in a separate name space. Several times, 
this has led to interference when loading the code gener- 
ator and compiler wre together. 
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2. The metalanguage should include ML references and as- 
signments. The inability to define and maiinain a global 
compile time state forces one to pass state information as 
arguments to most functions and return all updated infor- 
mation as results, even though this information is rarely 
accessed. The restriction to a purely applicative style of 
programming has resulted in u~ecessary clutter in the 
code generator spec~%ca.tion. 

3. The messages issued by the MESS type checker me not 
very illuminating when subtle type errors are detected. 
Also, when a type mismatch is detected in a deeply nested 
expression, a cascade of messages inundates the user. 

4. The clausal style of function definitions is compiled into 
very poor SCHEME code. For example, a tirst version 
of the code generator specification was written using the 
clausal form, and resulted in a SCHEME program which 
was almost twice as large as the present version. 

5. The initial MESS environment should include more ptimi- 
tives for compiler writing, such as functions for generating 
labels, code output, etc. This would make specifications 
more abstract and compact. 

6. The present implementation of MESS handles in a clean 
manner only those microsemantic models which provide a 
functional interpretation for the algebraic operators. For 
the Sol/C compiler, this has resulted in “kludging” the 
interface between the code generator and the compiler 
core. 

7. 

8. 

A truly useful system must allow the compiler writer to 
specify optimization passes of a compiler. MESS has to 
date purposely ignored this issue. 

Finally, the IBM PC environment is rather cramped. The 
time for iterating through the debugging loop for the Sol/C 
code generator was often larger than 30 minutes. Fortu- 
nately, a prototype version of the speciEcation was de- 
veloped using TURBO Prolog, with a debug cycle time 
of fewer than 5 minutes. We are presently considering a 
port of MESS to the Mac II, and expect at least a fourfold 
performance improvement. 

9 Related Work and Future Research 

The work of Mosses and Watt on action semantics [MoW86a] 
bears strong similarities with high-level semantics. In partic- 
ular, their choice of “special” operators for the Pascal action 
semantics [MoW86b] is surprisingly similar to to the choice 
of operators for our Sol/C semantics. There are four principal 
differences between high-level semantics and action semantics: 
(1) operators in action semantics are defined by means of stan- 
dard algebraic operators; (2) compile time and runtime aspects 
are not distinguished in action semantics; (3) transformations on 
the static environment in action semantics are also formulated 
via semantic operators rather than by means of A-abstractions; 
and (4) data flow within an action semantics is expressed by 
explicit naming whereas in high-level semantics the nesting of 
prefix terms determines the data flow. 

There are three semantics-based compiler generators which 
are similar in spirit to our approach. The CERES system of 
Jones and Christiansen [JoC82] accepts semantic specifications 
expressed in a small number of action-oriented operators in- 
spired by those of Mosses. Sethi’s system [Set821 generates 
efficienr compilers by treating fundamental “runtime” opera- 
tors in the semantic specification as uninterpreted symbols. His 
work is also motivated by that of Mosses, but still refers to mi- 
crosemantic concepts such as continuations and stores. Both 
systems have only been used for generating compilers for lan- 
guages with control structures for sequencing, looping and de- 
cision making, and simple expressions. Also, the intermediate 
code produced by the generated compilers must be translated 
by a code generator in an ad hoc manner. Finally, the work by 
AppeI [App85] extends the work of Sethi to include procedures 
and more complex data flow. However, the code generators pro- 
duced by his system are very slow and consume large amounts 
of storage space. 

We are currently planning the design of a LMguage De- 
signer’s Workbench [Lee871 based on our experience with 
MESS. Our hope is that such a workbench will facilitate the de- 
velopment and use of modules of (macro and micro) semantic 
specifications. Presently, we are experimenting with such mod- 
ularity by utilizing the functor construct of Standard ML. 
We have been able to make some early tests of our ideas by 
implementing the functor-based modules in the Standard ML 
compiler produced by Appel and MacQueen [ApM87]. Our re- 
sults thus far have been encouraging, but still quite preliminary. 

We have found the MESS system to be a useful tool for 
semantics directed compiler generation. In particular, the strong 
polymorphic type checking and pattern matching features of the 
ML-based MESS metslanguage make the process of writing 
semantic descriptions much easier than with previous systems. 

References 

bpM871 

L4PPW 

[Bor85] 

[JoC82] 

A Standard ML compiler. Technical Report CS- 
TR-097-87.. Dept. of Computer Science, Prince- 
ton University, Princeton, 1987. 

Compile-time evaluation and code generation for 
semantics-directed compilers. Ph. D. Disserta- 
tion, Carnegie-Mellon University, July 1985. 

Turbo Pascal Reference Manual (Version 3.0) 
Borland International, Inc., 1985. 

Jones, N. D., and Christiansen, H. Control flow 
treatment in a simple semantics-directed com- 
piler generator. Formal Description of Program- 
ming Concepts II, IFIP K-2 Working Confer- 
ence, North Holland Amsterdam, 1982. 

Lee, P. The automatic generation of realistic 
compilers from high-level semantic descriptions. 
Ph. D. Dissertation, The University of Michigan, 
April 1987. 

Lee, P., and Pleban, U. F. On the use of LISP in 
implementing denotational semantics. Proc. 1986 

226 



[LeP87] 

[Mil85] 

[MoW86a] 

[MoW86b] 

[Ple87] 

[PlL87] 

[Set811 

PI871 

ACM Conf. LISP and Functional Programming, 
Cambridge, MA, August 1986.233-248. 

Lee, P., and Pleban, U. F. A realistic compiler 
generator based on high-level semantics. Proc. 
14th Annual ACM SIGACDSIGPUN Sympo- 
sium on Principles of Programming Languages, 
Munich, W.-Germany, January 1987.284295. 

Milner, R. The standard ML core language. Poly- 
morphism II, 2 (Oct. 1985). 

Mosses, P., and Watt, D. A. The use of ac- 
tion semantics. Technical Report DAIMI PB- 
217, Aarhus University, Aarhus, Denmark, Au- 
gust 1986. 

Mosses, P., and Watt, D. A. Pascal: Action se- 
mantics. Draft - Version 0.3). Computer Sci- 
ence Dept., Aarhus University, Aarhus, Denmark, 
Sept. 1986. 

Pleban, U. F. Reference Mamdfor the Front End 
Generator FrEGe. PhiloSoft, November 1987. 

Pleban, U. F., and Lee, P. High-level semantics: 
an integrated approach to programming language 
semantics and the specification of implementa- 
tions. To appear in Proc. of 3rd Workshop on the 
Math. Found. of Progr. Lang. Semantics, New 
Orleans. LA. April 8-10. 1987, Springer-Verlag. 
1988. 

Sethi, R. Control flow aspects of semantics di- 
rected compiling. Tech. Rep. 98, Bell Labs.. 
1981; also in Proc. SIGPLAN ‘82 Symp. Com- 
piler Construction, SIGPLAN Notices 17,6 (June 
1982). 245260. 

TI PC SCHEME Reference Manual, Texas Instru- 
ments, Inc., August 1987. 

227 



-- 
af

te
r 

th
e 

de
cl

ar
at

io
n 

of
 

te
rm

in
al

s 
fo

llo
w

 
th

e 
pr

od
uc

tio
ns

 
&p

ro
du

ct
io

ns
 

pr
oc

ed
ur

e_
de

cl
ar

af
io

" 
->

 
“P

KO
O

” 
'id

en
tif

ie
r' 

"(
" 

lis
t-o

fg
ar

am
ttr

s 
")

" 
"is

" 
pr

oc
ed

ur
e-

bo
dy

 
I\ 

I[ 
. .

 . 
I] 

-- 
I[ 

. .
 

I, 
m

an
s:

 
us

e 
's

ta
nd

ar
d 

ru
le

 
-- 

no
de

 
la

be
ls

 
ar

e 
de

riv
ed

 
fro

m
 

th
e 

ru
le

 
lis

t-o
fg

ar
am

tc
rs

 
->

 
lis

t-o
fg

ar
am

te
rs

 
","

 
pa

ra
m

re
r 

/\ 
, ,

 D
lia

t 
. .

 
1,

 
I 

p*
r.¶

m
te

r 
I\ 

[I 
B

un
itl

is
t 

. .
 . 

1)
 

-- 
O

lis
tfq

un
itl

is
t 

bu
ild

 
n-

ar
y 

no
de

s 
pa

ra
m

tc
r 

-, 
va

1g
ar

am
tc

r 
I\ 

O
pr

op
aq

at
e 

I 
R

fg
*r

am
ef

C
r 

I\ 
@

pr
op

ag
at

e 
-- 

pr
op

aq
at

e 
tre

e 
bu

ilt
 

so
 

fa
r 

va
1_

pa
ra

m
tc

r 
->

 
"V

.3
1"

 
si

m
pl

e 
ty

pe
 

'id
en

tif
ie

r' 
/\ 

I, 
. 

]] 
I 

si
m

pl
e_

tw
 

7i
&n

tif
ic

r' 
/\ 

II 
"v

Q
~"

 
si

m
pl

e-
ty

pe
 

'id
en

tif
ie

r' 
II 

"rt
f" 

si
w

le
-ty

pe
 

'id
en

tif
ie

r' 
/\ 

[I 
. .

 . 
!I 

I 
"r

ef
" 

*r
r*

y 
na

m
e 

I\ 
Ii 

"r
ef

" 
O

sD
lic

e 
*r

r*
y 

na
m

 
II 

-- 
G

sp
lic

e 
sp

lic
es

 
th

e 
de

ic
en

da
nt

s 
in

to
 

th
e 

ne
w

 n
od

e 
ar

ra
y-

"a
m

 
->

 
si

m
pl

e_
ty

pe
 

'id
en

tif
ie

r' 
"["

 
lis

t-o
f-u

pp
er

-b
ou

"d
-"

am
C

S
 

"I"
 

/\ 
[I 

. .
 . 

II 

lis
t_

of
_u

pp
er

_b
ou

nd
_n

am
s 

->
 

lis
t-o

f 
up

pe
r-b

ou
nd

-n
am

es
 

","
 

'id
en

tif
ie

r' 
/\ 

II 
@

lis
t 

. .
 . 

11
 

I 
'id

en
tif

ie
r' 

I\ 
II 

@
un

itl
is

t 
. .

 . 
11

 

pr
oc

ed
ur

e-
bo

dy
 

->
 

lis
t-o

f-l
oc

al
-d

ec
la

ra
tio

ns
 

"b
eg

in
" 

lis
t-o

f-s
ta

te
m

nr
a 

'e
nd

" 
I\ 

II 
. .

 . 
II 

. .
 . 

‘d
om

ai
na

 
Bo

dy
 

= 
1 

pr
oq

ra
m

 
bo

dy
, 

pr
oc

ed
ur

e 
bo

dy
 

) 
. 

D
*C

lS
 

= 
(. 

lis
t-o

fIg
lo

ba
1 

de
cl

ar
at

io
ns

; 
lis

t 
of

 
lo

ca
l-d

ec
la

ra
tio

ns
 

t 
. 

D
.S

l 
= 

( 
ql

ob
al

 
dc

cl
ar

ar
io

n.
 

va
ria

bl
e 

&c
l&

a~
io

n,
 

si
m

pl
e_

va
ria

bl
e_

de
fla

ra
tio

n,
- 

ar
ra

y-
va

ria
bl

e-
de

cl
ar

at
io

n,
 

co
ns

ta
nt

-d
ec

la
ra

tio
n,

 
pr

oc
cd

ue
e_

dc
cl

ar
at

io
n,

 
lo

ca
l-d

ec
la

ra
tio

n 
1 

. 
Pa

ra
m

a 
= 

( 
lis

t-o
fg

ar
am

te
ra

 
f 

. 
P

lIl
R

l 
= 

( 
pa

ra
m

et
er

, va
1g

ar
am

te
r. 

re
fg

ar
am

te
r 

I 
U

bo
un

dI
ds

 
= 

( 
lis

t_
of

_u
pp

er
_b

ou
"d

_n
am

. 
) 

. 
. &
en

d 

pr
oq

ra
m

 
m

at
rix

U
ul

tip
ly

 
( 

“s
td

in
”. 

"s
td

ou
t" 

) 
is

 

co
ns

f 
N

 =
 2

0,
 

itc
r 

= 
10

0;
 

in
t 

A 
IN

. 
N

l. 
B 

IN
. 

N
l. 

C
 

IN
. 

N
l; 

in
f 

k;
 

pr
oc

 
i"i

tM
at

rix
 

(re
f 

in
t 

m
at

 
I",

 
in

]) 
ia

 
in

t 
i. 

j: 

z!
 

be
qi

n 
w

 
i 

:=
 

0:
 

c 3 
lo

op
 

w
hi

le
 

i 
( 

n 
, 

:=
 

0:
 

P 
lo

op
 

w
hi

le
 

, 
< 

m
 

m
at

 
Ii.

 
jl 

:=
 

2 
* 

i 
- 

j: 
j 

:=
 

j 
+ 

1 
k 

en
dl

oo
p;

 

g 
i 

:=
i+

l 

x 

cn
dl

oo
p 

en
d;

 
I* 

in
itM

ar
rix

 
l /

 

's
 

pr
oc

 
m

at
nu

lt 
(re

f 
in

t 
Z 

[ru
l. 

ZU
ZI

. 
re

f 
in

t 
x 

[X
U

l, 
XU

Z]
, 

re
f 

in
t 

Y 
[y

ul
, 

yu
21

) 

10
0~

 w
hi

le
 

i 
C

 x
ul

 
; 

:=
 

0;
 

lo
op

 
w

hi
le

 
j 

< 
xu

2 
k 

:=
 

0;
 

su
m

 
:=

 
0;

 
lo

op
 

w
hi

le
 

k 
< 

W
I 

su
m

 :
= 

su
m

 +
-X

 
Ii,

 
kl 

* 
Y 

[k
, 

jl:
 

en
dl

oo
p;

 
2 

[i,
 

j] 
:=

 
ru

m
: 

j:=
j+

1 
en

dl
oo

p:
 

i:=
i+

l 
en

dl
oo

p 
en

d;
 

I” 
m

at
llu

lt 
'1

 

k:
=k

+l
 

kq
in

 ca
ll 

in
itt

la
tri

x 
IA

); 
ca

ll 
in

itM
at

rix
 

(B
); 

k 
:=

 
0;

 
lo

op
 

w
hi

le
 

k 
( 

ite
r 

ca
ll 

m
at

l4
ul

t 
(C

, 
A.

 
B)

: 
k 

:=
 

k 
+ 

1 
en

dl
oo

p 
en

d 
/* 

m
at

rir
lu

lti
pl

y 
*I 



m
ic

ro
ac

m
an

tic
s 

so
lo

-c
g 

se
m

an
tic

 
do

m
ai

ns
 

LE
VE

L 
= 

un
io

n 
lo

ca
lL

 
I 

IN
TL

IS
T 

= 
IN

T 
lis

t. 
R

EG
IS

TE
R

 
= 

un
io

n 
ax

 
I 

al
 

1 
bx

 
I 

cx
 

I 
cl

 
VA

LU
EI

l&
G

I~
TE

R
 

= 
un

io
n 

ca
nt

 
of

 
N

AM
E 

I 

gl
ob

al
L.

 

(* 
th

e 
iA

F'
X8

08
6 

re
gi

st
er

s 
us

ed
 

by
 

th
e 

co
de

 
ge

ne
ra

to
r 

') 
I 

dx
 

I 
si

 
Id

i 
I 

sp
 

I 
bp

. 
(* 

va
lu

e 
po

st
ed

 
in

 
re

gi
st

er
 

ax
 

*) 
(f 

1.
 

va
ria

bl
e 

l 
) 

““k
no

w
n.

 
,' 

2.
 

to
o 

co
m

pl
ex

 
to

 
ke

ep
 

tra
ck

 
of

 
', 

(* 
Th

e 
co

de
 

ge
ne

ra
to

r 
na

re
 

en
vir

on
m

en
t. 

N
ot

e 
th

at
 

al
l 

na
m

s 
ar

e 
di

st
in

ct
 

du
e 

to
 

t 
th

e 
re

na
m

in
g 

pe
rfo

rm
* 

by
 

th
e 

m
ac

ro
se

m
an

tic
s.

 
Lo

ca
l 

en
d 

gl
ob

al
 

va
ria

bl
es

 
ar

e 

3 
* 

ac
ce

ss
ed

 
di

ffe
re

nt
ly

. 
ou

 
') 

AS
& 

= 
N

AM
E 

->
 

LE
VE

L.
 

R
EG

C
D

N
TE

N
TS

 
= 

R
EG

IS
TE

R
 

->
 

VA
LD

EI
N

R
EG

IS
TE

R
. 

0‘
 

PA
R

AN
O

PF
SE

T 
= 

IN
T.

 
(* 

ne
xt

 
av

ai
la

bl
e 

st
ac

k 
of

fs
et

 
fo

r 
pa

ra
m

et
er

s 
l 

) 
IL

KA
LO

PP
SE

T 
= 

IN
T.

 
(* 

ne
xt

 
av

ai
la

bl
e 

st
ac

k 
of

fs
et

 
fo

r 
lo

ca
ls

 
', 

z 
EN

V 
= 

AS
SO

C
 

* 
LE

VE
L 

* 
R

EG
C

O
N

TE
N

TS
 

* 
PA

R
AN

O
PF

SE
T 

* 
LO

C
AL

O
PP

SE
T.

 
IA

BE
LE

N
v 

= 
LA

BE
IN

N
BE

R
 

* 
R

BT
U

PN
IA

BE
L 

= 
EX

IT
LA

BE
L 

* 
PR

C
G

- 
* 

R
O

U
TI

N
EN

AM
E 

* 
ST

R
IN

G
TA

BL
E.

 
. 

. 
. 

k 

ac
tio

n 
do

m
ai

ns
 

(8
 

an
d 

op
er

at
or

s 
l 

) 

D
AC

TI
O

N
 

= 
un

io
n 

B 

Bi
nd

er
oc

 
of

 
W

AN
E 

* 
IA

C
TI

O
N

) 
I 

Bi
nd

Va
lP

ar
am

 
of

 
(N

AM
E 

* 
ST

YP
E)

 
I 

t?
 

Bi
nd

R
ef

Pa
ea

m
 

of
 

(N
AM

E 
* 

ST
YP

E)
 

I 
Bi

nd
R

cf
Ar

ra
yP

ar
am

 
of

 
(N

AM
E 

* 
D

AC
TI

O
N

 
* 

ST
YP

E)
 

I 
(' 

bo
un

ds
 

dc
cl

r 
er

dm
dd

lc
d 

') 

x 
D

ec
lS

im
pl

eV
ar

 
of

 
(N

AR
E 

* 
ST

YP
E)

 
I 

D
eo

lA
rra

yV
ar

 
of

 
(N

AM
E 

l 
IN

TL
IS

T 
l 

ST
YP

E)
 

I 
(* 

in
te

ge
rs

 
ar

e 
bo

un
da

 
*) 

8 
D

eo
lS

cq
 

of
 

ID
AC

TI
O

N
 

l 
D

AC
TI

O
N

) 
I 

f?
 

N
"ll

D
%

=l
. 

. .
 .

 

B B 
au

xil
ia

ry
 

fu
nc

tio
na

 
. 

. 
. 

8 

c,
4o

v&
eg

R
eg

 
(rl

: 
R

EG
IS

TE
R

. 
rt:

 
R

EG
IS

TE
R

) 
= 

pu
tO

pH
ov

2 
(rr

g@
 

(rl
). 

='
J%

 
(r2

)).
 

tlt
ov

e-
gl

nt
 

(r:
 

R
EG

IS
TE

R
. 

i: 
IN

T)
 

= 

5 

if 
i 

= 
0 

th
en

 
pu

tO
p2

 
("x

or
", 

re
gO

p 
(rl

, 
re

gO
p 

(r)
) 

el
se

 
pu

tO
pM

ov
2 

m
qo

p 
(2

2,
 

in
tO

p 
(il

l. 

E 
tP

u,
hR

eg
 

(r:
 

R
EG

IS
TE

R
) 

= 
p"

tO
p1

 
("p

us
h"

, 
re

g‘
%

 
(r)

). 
. . .

 
(' 

Pr
oc

ed
ur

e 
en

try
 

') 
pr

oc
En

try
 

(lo
ca

lS
iz

e:
 

IN
T)

 
= 

,. l 
Af

te
r 

ca
lle

r 
ha

, 
pu

sh
ed

 
ar

g”
m

nt
a 

an
d 

re
tu

rn
 

ad
dr

es
s:

 

* 
(1

) 
Sa

ve
 

ol
d 

fra
m

e 
po

in
te

r 
bp

. 
(2

) 
se

t 
ne

r 
va

lu
e 

O
f 

bp
. 

* 
(3

) 
Al

lo
ca

te
 

lo
ca

l 
st

or
ag

e 
bl

oc
k.

 

(*
iP

"lh
R

eg
 

(b
p)

. 
eR

ov
cR

cg
R

eg
 

(b
p,

 
,p

). 
cS

ub
R

eg
In

f 
(s

p,
 

lo
ca

lS
iz

e)
 

t. 

(* 
Pr

oc
cd

vr
c 

ex
it 

') 
Pr

oc
Ex

it 
(lo

ca
lS

iz
e:

 
IN

T)
 

= 
(' l 

(1
) 

D
ea

llo
ca

te
 

lo
ca

l. 
st

or
ag

e 
bl

oc
k.

 
(2

) 
R

es
to

re
 

ol
d 

fra
m

e 
po

in
te

r. 
l 

(3
) 

Its
tu

rn
 

to
 

ca
lle

r. 
* 

N
O

TE
: 

C
al

le
r 

w
ill 

de
al

lo
ca

te
 

st
or

ag
e 

fo
r 

ar
gu

m
nt

 
va

lu
es

. 
'1

 
( 

eA
dd

R
eg

I"t
 

(s
p.

 
lo

ca
ls

ire
). 

eP
op

R
eg

 
(b

p)
. 

eR
et

 
0 

). 

ge
nD

ec
1 

(&
xl:

 
D

AC
TI

O
N

, 
en

": 
EN

V,
 

1E
"v

: 
IA

BE
LE

N
V)

: 
(IN

T 
l 

EN
V 

l 
LA

BE
LP

.N
V)

 
= 

ca
se

 
C

kC
l 

of
 

N
ul

lD
ec

l 
=>

 
(0

, 
en

”, 
1E

nv
) 

I 

D
cc

lS
cq

 
(d

ec
ll,

 
de

cl
2)

 
=>

 
le

t 
(s

iz
el

, 
en

v,
 

1E
nv

) 
= 

ge
"D

ec
1 

(d
cc

ll,
 

en
", 

1E
nv

). 
(s

iz
ef

, 
cn

v,
 

1E
nv

) 
= 

ge
nD

ec
1 

(d
cc

l2
, 

en
v,

 
1E

"v
) 

in
 

(s
ire

1 
+ 

si
ze

2,
 

cn
v,

 
1E

"v
) 

en
* 

, 

Bi
nd

Pr
oc

 
("a

m
, 

at
m

t) 
=>

 
ge

nB
in

dP
ro

c 
(n

am
e,

 
st

m
t, 

C
O

Y.
 

1E
nv

) 
I 

Bi
nd

Va
lP

ar
am

 
("a

m
. 

ty
p)

 
=>

 
ge

nB
in

dV
al

Pa
ra

m
 

(n
am

, 
ty

p,
 

c"
v,

 
1E

nv
) 

I 

Bi
nd

R
ef

Pa
ra

m
 

("a
m

, 
ty

p)
 

=>
 

gt
"B

i"d
R

ef
Pa

ra
m

 
("a

m
, 

ty
p,

 
l 

nv
, 

1E
"v

) 
I 

Bi
nd

Pe
fA

rra
yP

ar
am

 
("a

m
, 

bo
un

dl
is

t, 
ty

p)
 

=>
 

ge
"B

in
dR

ef
Ar

ea
yP

ar
am

 
("a

m
, 

bo
""

dl
i,f

, 
ty

p,
 

en
", 

IS
""

) 
I 

D
ec

lS
im

pl
eV

ar
 

("a
nr

, 
ty

p)
 

=>
 

ge
"D

ec
lS

im
pl

cV
ar

 
("a

m
, 

ty
p,

 
en

v,
 

1E
nv

) 
I 

D
ec

lA
rra

yV
ar

 
("a

m
?,

 
in

tlis
t, 

ty
p)

 
=>

 
gc

"D
cc

lA
rra

yV
ar

 
("a

m
. 

in
tlis

t. 
ty

p,
 

l 
"v

. 
1E

nv
) 

an
d 

ga
nB

in
dP

so
c 

(p
ro

oN
-: 

N
AH

E,
 

st
m

t:I
AC

TI
O

N
, 

en
v:

 
EW

. 
1E

"v
: 

IA
R

EL
EN

V)
 

: 
(IN

T 
* 

EN
V 

* 
LA

BE
LR

N
V)

 
= 

((*
 

C
om

pi
le

 
pa

ra
m

tc
r 

de
cl

ar
at

io
ns

 
an

d 
pr

oc
ed

ur
e 

bo
dy

: 
l 

sa
ve

 
n&

Ire
 

O
f 

pr
oe

cd
ur

e 
in

 
or

de
r 

to
 

ge
ne

ra
te

 
a 

la
be

l 
la

te
r. 

') 
. 

. 
. 

le
t 

1E
nv

 
= 

,a
ve

Pr
oc

N
am

 
(p

ro
cN

am
, 

1E
nv

). 
cn

v 
= 

fo
rg

et
R

eg
is

te
rC

on
te

nt
s 

(e
nv

) 
. 

(e
n"

, 
1E

"v
) 

= 
ge

ns
tm

t 
(s

tm
t, 

lo
ca

lL
ev

el
 

(e
n"

,, 
1E

nv
) 

in
 

( 
. 

. (0
. 

gl
ob

al
Le

ve
l 

(e
n"

), 
de

lc
te

Pr
oc

N
am

 
(lE

nv
), 

) 
en

d 

an
d 

ge
"B

i"d
R

ef
Ar

ra
yP

ar
am

 
("a

m
: 

N
AM

E,
 

bo
u"

ds
D

ec
ls

: 
D

AC
TI

O
N

, 
ty

p:
 

ST
YP

E,
 

en
": 

EN
-V

, 
1E

nv
: 

LA
BE

LE
N

V)
 

: 
(IN

T 
* 

EN
V 

* 
LA

BE
LE

N
W

 
= 

(' 
Al

lo
ca

te
 

a 
"e

w
 

sl
ot

 
on

 
th

e 
st

ac
k 

fo
r 

th
e 

ar
ra

y 
po

in
te

r. 
*) 

le
t 

lo
t 

= 
c"

?z
R

"tP
.ra

u&
C

t 
(e

n"
). 

en
" 

= 
ad

dN
dm

E 
(n

.u
Q

. 
l 

rw
. 

si
re

 
= 

po
i"t

er
Si

ze
O

f 
(ty

p)
. 

cn
v 

= 
ne

xt
Pa

ra
m

ct
er

 
(s

ire
, 

cn
v)

 
in

 
( eq

ua
te

 
("a

m
. 

10
.3

. 
(' 

Pr
oc

as
s 

bo
un

ds
 

"a
m

,. 
') 

le
t 

(b
ou

nd
sS

ire
, 

en
", 

1E
nv

) 
= 

ge
"D

ec
1 

(b
ou

n&
D

ec
ls

. 
cn

v,
 

1E
nv

) 
Fn

 
(s

ire
 

+ 
bo

un
ds

Si
re

. 
en

v.
 

1E
nv

) 
en

d 
) 

en
d 

a"
* . 



se
m

an
tic

s 
SC

lC
 

i”t
t~

ftC
~ 

“s
cl

c-
f@

” 
(* 

‘s
ol

o-
fc

.a
ai

’: 
ab

st
ra

ct
 

sy
nt

ax
 

in
te

rfa
ce

 
*) 

m
ic

ro
se

m
an

tic
s 

"s
ol

e-
cg

" 
(* 

's
ob

s-
cq

.m
ic

' 
: 

in
te

rfa
ce

 
f0

 
co

de
 

ge
ne

ra
to

r 
') 

ce
m

an
tic

 
do

m
ai

ns
 

(* 
Th

e 
co

m
~i

lc
 

tim
s 

cn
vlr

on
m

nt
 

ke
ep

s 
tra

ck
 

of
 

th
e 

st
at

ic
al

ly
-d

et
er

m
in

ed
 

in
fo

rm
at

io
n 

.* 
(th

e 
M

O
bE

) 
fo

r 
ea

ch
 

de
cl

ar
ed

 
id

en
tif

ie
r. 

Al
,",

 
it 

re
m

m
bc

r, 
th

e 
cu

rre
nt

 
bl

oc
k 

l 
le

ve
l, 

an
d 

m
ai

nt
ai

n=
 

fla
g,

 
in

di
ca

tin
a 

w
he

th
er

 
= 

lo
op

 
or

 
a 

pr
oc

ed
ur

e 
ir 

b=
in

Q
 

l 
pr

oc
es

se
d,

 
in

 
"rd

ee
 

tc
 

ch
ee

k 
fo

r 
th

e 
le

ga
lity

 
of

 
ex

it 
an

d 
re

t"=
" 

st
at

t~
"tS

. 
"1

 
EN

V 
= 

AS
SX

 
* 

Bl
Ll

cK
-IN

FO
. 

AS
SK

 
= 

ID
 

->
 

(M
O

D
E 

* 
LE

VE
L)

. 
BL

KK
-IN

FO
 

= 
LJ

VE
L 

* 
IN

LO
O

P 
* 

IN
PR

K.
 

LE
VE

L 
= 

un
io

n 
al

ob
al

-L
 

, 
lo

ca
l-L

 
of

 
N

AA
W

. 
IN

LQ
O

P 
= 

BW
L.

 
IN

PR
O

C
 

= 
BO

O
L.

 
M

O
D

E 
s=

 u
ni

on
 

(* 
l'h

e 
va

rio
ur

 
m

od
es

: 
l 

) 
no

ne
n 

I 
(’ 

un
de

cl
ar

ed
 

') 
l&

=1
6!

 
of

 
N

A”
E 

, 
t* 

la
be

l 
') 

co
ns

t" 
of

 
C

O
N

ST
 

, 
t* 

co
nr

ra
nr

 
'1

 
va

ri'l
 

of
 

VA
R

 
, 

t* 
V=

Ki
ah

l=
 

*) 
pr

oc
W

 
of

 
(N

AM
E 

* 
N

D
U

-P
AB

AM
S 

* 
M

O
D

EL
IS

T)
 

, 
(' 

pr
oc

ed
ur

e 
*) 

r=
fP

ar
am

M
 

of
 

PA
R

AM
 

I 
(' 

rc
te

rc
nc

e 
pa

ra
m

tc
r 

') 
va

lP
ar

ar
J4

 
of

 
PA

PA
M

 
I 

t* 
va

lu
e 

pa
ra

m
te

r 
f) 

cc
n=

tP
ar

am
M

 
of

 
PA

BA
M

. 
I* 

C
c"

st
a"

t 
pa

ra
m

rc
r 

'1
 

(' 
(=

cp
en

 
ar

ra
y 

bo
un

d)
 

*) 
VA

R
 

= 
tL

w
E 

* 
TY

PE
. 

PA
BA

U
 

= 
VA

R
. 

rY
PE

 
z 

un
io

n 
(* 

Th
C

 
va

rio
us

 
co

m
pi

le
 

tim
 

ty
pe

s:
 

') 
no

ne
T 

I 
(" 

no
 

ty
pe

 
') 

si
m

pl
=T

 
O

f 
SI

M
PL

E-
TY

PE
 

I 
(' 

un
st

ru
ct

ur
ed

 
') 

ar
ra

y'f
 

of
 

(IN
T 

l 
TY

PE
) 

I 
,* 

m
ul

tid
im

nr
io

na
l 

ar
ra

y 
') 

cp
en

Ar
ra

yT
 

of
 

(M
O

D
E 

* 
TY

PE
). 

,* 
,,,

ul
tid

im
n=

io
na

l 
w

e"
 

ar
ra

y 
') 

SI
M

PL
E-

TY
PE

 
= 

un
io

n 
in

t-t
yp

e 
, 

bo
oI

-t.
yl

x 
I 

ch
ar

-ty
pe

. 

au
xil

ia
ry

 
fu

nc
tio

ns
 

(* 
I**

**
* 

En
vir

on
m

nt
 

H
an

dl
in

g 
**

'*'
 

') 

va
l 

em
pt

yA
sa

oc
: 

AS
SM

: 
= 

fn
 

id
. 

(n
on

eM
, 

al
ob

al
-L

). 

"a
l 

i"i
tia

lB
lo

ck
In

fo
: 

BL
O

C
K-

IN
FO

 
= 

( 
gl

ob
al

-L
, 

(* 
pr

o.
~r

am
 

bl
oc

k 
at

 
gl

ob
al

 
le

v=
l 

*) 
fa

ls
e,

 
c*

 
no

t 
in

si
de

 
a 

lo
op

 
4)

 
fa

ls
e)

. 
(* 

no
t 

in
si

dc
 

a 
pr

oc
ed

ur
e 

l 
) 

"a
l 

em
pt

yE
n%

,: 
EN

V 
- 

(e
m

pt
yA

,a
cc

, 
ln

itia
lB

lo
ck

In
fo

). 

(* 
R

cr
ric

ve
 

th
e 

m
"d

= 
of

 
th

e 
gi

ve
n 

id
en

tif
ie

r 
fro

m
 

th
e 

qi
vc

n 
e"

Vi
rC

"m
t"t

. 
') 

lo
ok

up
 

(id
: 

ID
. 

(a
==

~.
 

(c
ur

re
nt

Le
ve

l. 
_1

 
J)

: 
EN

!')
: 

M
O

D
E 

= 
le

t 
(m

od
=,

 
de

cl
lc

vc
l) 

= 
=s

so
c 

id
 

in
 

if 
(d

=c
lL

ev
cl

 
= 

cu
rre

nt
Le

Ve
l) 

or
cl

sc
 

(d
cc

lL
ev

c1
 

= 
gl

ob
al

-L
) 

th
@

" 
m

od
= 

C
lS

C
 

nc
nc

n 

ijw
 

en
d.

 

(9
 

C
he

ek
 

th
at

 
=n

 
id

en
tif

ie
r 

is
 

no
t 

ye
t 

de
cl

ar
ed

 
in

 
th

e 
cu

rra
t 

bl
oc

k.
 

') 
nc

tD
ec

la
r@

d 
(id

: 
ID

, 
(a

==
~,

 
(c

"~
r=

nt
Le

uc
l, 

_,
 

J)
: 

SW
,: 

BO
O

L 
= 

le
t 

(m
od

=,
 

de
cl

le
vc

l) 
= 

a=
so

c 
id

 
in

 

K 
(m

od
e 

= 
no

ne
W

 
or

el
se

 
no

t 
(c

ur
re

nt
Le

ve
l 

- 
de

cl
le

ve
l) 

B 
en

d.
 

19
 

Ad
d 

= 
ne

w
 

as
so

ci
at

io
n 

pa
ir 

tc
 

th
e 

l 
nv

iro
nm

nt
. 

l 
) 

ad
dA

s,
cc

 
(id

: 
ID

. 
m

od
e:

 
M

O
D

E,
 

(a
ss

oc
. 

in
fo

 
a=

 
(le

ve
l, 

_,
 

J)
: 

EN
V)

: 
EN

V 
= 

((i
d 

=>
 

(m
od

e.
 

le
v=

l),
 

=s
=c

c,
 

in
fo

). 

se
m

an
tic

 
fu

nc
tio

ns
 

M
m

: 
AS

T 
-a

 
O

U
TP

U
TF

IL
E.

 
c*

 
pr

og
ra

m
 

m
an

in
gs

 
') 

D
d:

 
AS

T 
-a

 
EN

V 
->

 
(E

N
V 

l 
D

AC
TI

O
N

). 
(' 

de
cl

ar
at

ia
"s

 
*I 

Pp
: 

AS
T 

-a
 

(ID
-M

O
D

EL
IS

T 
* 

D
AC

TI
O

N
). 

,* 
pa

ra
m

te
rs

 
l 

) 
Pp

A:
 

AS
T 

->
 

TY
PE

 
-, 

(T
YP

E 
l 

ID
-M

O
D

EL
IS

T 
l 

D
AC

TI
O

N
). 

(* 
ar

ra
y 

pa
ra

m
et

er
 

bo
un

ds
 

') 
Bb

R
: 

AS
T 

->
 

EW
f 

->
 

IA
C

TI
O

N
. 

," 
ro

ut
in

e 
bl

oc
k,

 
*) 

ss
: 

AS
T 

->
 

EN
V 

->
 

IA
C

TI
O

N
. 

,* 
at

at
em

nt
s 

*) 
Ll

: 
AS

,' 
-, 

EW
 

--)
 

(T
YP

E 
* 

VA
C

TI
O

N
). 

,* 
1-

va
lu

e 
=x

pr
=a

=i
en

= 
') 

Et
: 

AS
T 

-) 
EW

 
--)

 
(T

YP
E 

* 
VA

C
TI

O
N

). 
L'

 
ex

pr
es

si
on

s 
*I 

. .
 .

 
se

m
an

tic
 

cq
ua

t 
io

ns
 

(' 
---

---
---

---
---

---
---

-- 
D

ec
la

ra
tio

ns
 

---
-_

__
_-

---
--_

__
__

__
__

_ 
') 

D
d 

(I 
de

=1
 

":"
 

dc
cl

s 
1)

 
a"

" 
= 

le
t 

(e
nv

l, 
dA

1)
 

= 
D

d 
,( 

de
cl

 
]] 

cn
v.

 
(e

nv
2,

 
dA

2)
 

= 
D

d 
II 

de
cl

s 
11

 
cn

vl 
in

 
,c

nv
2,

 
D

ec
ls

cq
 

w
il, 

dA
2)

) 
en

d.
 

D
d 

I( 
]) 

cn
v 

= 
(c

nv
, 

N
ul

lD
ec

l).
 

D
d 

I, 
“p

ro
c”

 
id

 
"1

" 
pa

ra
rm

r 
")"

 
"1

," 
bo

dy
 

1)
 

en
v 

= 
if 

no
tD

=c
la

r=
d 

(id
, 

en
v)

 
th

en
 

le
t 

pr
oc

N
am

 
= 

"a
m

 
(id

). 
(im

s,
 

bi
nd

in
gA

ct
io

n.
) 

= 
Pp

 
,[ 

pa
ra

m
s 

)).
 

pa
ra

m
Li

=t
 

= 
=x

tra
.C

tP
=r

am
M

"d
=,

 
(im

s)
. 

nu
m

Pa
.ra

m
rr 

= 
le

ng
th

 
(p

ar
am

Li
=t

). 
(* * 

Bu
ild

 
th

e 
en

vir
on

m
en

t 
in

 
w

hi
ch

 
to

 
pr

oc
es

s 
th

e 
bo

dy
 

by
 

ex
te

nd
in

g 
* 

th
e 

ex
is

tin
g 

en
vir

on
m

nt
 

w
ith

: 
* 

- 
th

e 
bi

nd
in

g 
fo

r 
th

e 
pr

oc
ed

ur
e 

id
en

tif
ie

r, 
an

d 
* 

- 
th

e 
bi

nd
in

gs
 

fo
r 

th
e 

pa
ra

m
et

er
 

id
en

tif
ie

rs
. 

* * 
Si

nc
e 

th
e 

bi
nd

in
a 

fo
e 

th
e 

pr
oc

ed
ur

e 
id

en
tif

ie
r 

id
 

is
 

vi
si

bl
e 

in
si

de
 

l 
th

e 
bo

dy
. 

th
e 

pr
oc

ed
ur

e 
m

ay
 

be
 

ca
lle

d 
r=

cu
rri

v=
ly.

 
*>

 
m

od
e 

= 
pr

o=
" 

(p
rc

cN
=m

, 
nu

m
Pa

ra
m

=.
 

pa
ra

m
Li

=t
). 

pr
cc

En
v 

= 
ad

dA
as

cc
 

(id
, 

m
od

e,
 

en
").

 
M

dy
En

v 
= 

ad
dA

as
oc

Li
st

 
(im

, 
en

te
rP

ro
= 

(p
ro

cN
sm

. 
pr

oc
ln

v)
). 

bo
dy

Ac
tio

n 
= 

Bb
R

 
I[ 

bo
dy

 
]I 

bc
dy

En
v 

in
 

( 
pr

oc
E"

v,
 

t' 
th

e 
re

su
ltin

g 
co

m
pi

le
 

tim
e 

cn
vir

on
m

sn
t 

l 
) 

Bi
nd

Pr
oc

 
(p

rc
=N

am
. 

Pr
oc

 
(b

in
di

ng
Ac

tio
n=

. 
bo

dy
Ac

tio
n)

) 
) 

tn
d 

el
se

 de
c1

E~
rc

~ 
en

v 
I[ 

id
 

II 
"P

ro
ce

du
re

 
al

re
ad

y 
de

cl
ar

ed
.".

 

(' 
---

---
---

---
---

---
---

-- 
p=

r=
m

te
rs

 
--_

__
__

__
__

_-
---

---
---

---
- 

t) 

Pp
 

(I 
pa

r*m
 

*.*
 

pa
ra

m
s 

11
 

= 
le

t 
(im

.3
. 

dA
a)

 
= 

PP
 

I 
I 

Pa
ra

!" 
1,

. 
ps

 
as

 
(im

s'.
 

dA
3'

) 
= 

PP
 

[I 
pa

r*"
= 

11
 

in
 

if 
ch

ec
kM

o&
Li

st
; 

(im
s,

 
im

s')
 

th
in

 
(im

s 
0 

im
='

, 
D

cc
lS

eh
 

(&
, 

dA
='

)) 
cl

==
 

bi
nd

Er
ro

r 
ps

 
II 

pa
ra

m
 

11
 

"P
a~

=m
et

=r
 

w
ill 

be
 

re
de

cl
ar

ed
." 

en
d.

 

Fq
 

I( 
1)

 
= 

(n
il, 

N
ul

lD
ec

l).
 

Pp
 

,( 
""

al
" 

Ty
pe

 
id

 
1)

 
= 

le
t 

t 
as

 
rim

pl
=T

 
(s

t) 
= 

Tt
 

,, 
Ty

pe
 

1)
. 

na
m

 
= 

m
kA

lp
ha

N
am

 
(id

) 
in

 
( 

( 
(id

, 
va

1P
ar

ar
.M

 
(n

am
e.

 
t))

 
1,

 
Bi

nd
Va

lP
ar

am
 

(n
am

e,
 

ru
nt

im
cT

yp
c 

(S
t))

 
1 

en
d.

 



. .
 

(ID
EC

L 
"Z

" 
D

EC
LS

I 
(,“

pr
oc

” 
ID

 
“(”

 
PA

R
AM

S 
“,”

 
“is

” 
BO

D
YI

 
(ID

 
in

itn
at

rix
 

(6
 

6,
) 

(IP
AR

AH
 

","
 

PA
R

AH
SI

 
(I"

re
f" 

TY
PE

 
ID

 
"I"

 
U

BD
U

N
D

ID
S 

"I"
1 

(I"
in

t"I
) 

(ID
 

m
at

 
(6

 
26

)) 
(II

D
 

","
 

U
BO

U
N

D
ID

SI
 

(ID
 

n 
(6

 
31

) 
I 

(II
D

 
” 

” 
U

BO
D

N
D

ID
SI

 
(ID

 
m

 
I6

 
34

)) 
(N

IL
);)

) 
(N

IL
)) 

(ID
EC

LS
 

"b
eg

in
" 

ST
M

TS
 

*e
nd

*{ 
(ID

EC
L 

":"
 

D
EC

LS
I 

(IT
YP

E 
"A

R
S,

 
(,"

i"t
",)

 
(("

AR
 

", 
" 

“A
K,

 
(ID

 
i 

(7
 

5,
) 

(,"
AR

 
","

 
VA

R
SI

 
(ID

 
j 

(7
 

81
1 

(N
IL

)))
) 

(N
IL

)) 
(IS

TU
T 

":"
 

ST
M

TS
I 

(IL
VA

R
 

I:=
* 

EX
PR

I 
(ID

 
i 

19
 

4)
) 

(IN
T 

0 
(9

 
9)

)) 
(IS

TN
T 

";"
 

ST
I(T

S,
 

(I"
lo

q,
" 

"w
hi

le
' 

EX
PR

 
ST

M
TS

 
“e

nd
lo

op
”] 

IlE
XP

R
l 

*<
" 

EX
PR

Z,
 

(ID
 

I 
I1

0 
15

)) 
(ID

 
n 

(1
0 

19
1,

) 
(,S

TM
T 

“;”
 

Sl
’M

TS
, 

(IL
VA

R
 

":=
" 

EX
PR

, 
(ID

 
j 

Ill
 

71
) 

(IN
T 

0 
(1

1 
12

)))
 

(,S
T"

T 
";"

 
ST

M
TS

, 
, 

,"l
O

O
D

" 
"v

hi
le

" 
EX

PR
 

ST
H

TS
 

"e
nd

lo
oo

"I 
(IE

XP
kl

 
"‘"

 
BX

PR
P,

 
(ID

 
j 

(1
2 

16
)) 

(ID
 

m
 

(1
2 

22
)))

 
ilS

TI
4i

 
“;”

 
ST

M
TS

I 
(IL

VA
R

 
":=

" 
EX

PR
I 

(II
D

 
"I"

 
EX

PR
S 

"1
-I 

(ID
 

m
at

 
11

3 
10

)) 
(IE

XP
R

 
","

 
EX

PR
SI

 
(ID

 
i 

(1
3 

15
)) 

(IE
XP

R
 

","
 

EX
PR

SI
 

(ID
 

j 
(1

3 
18

)) 
(N

IL
)))

) 
IIE

XP
R

l 
"-"

 
EX

PR
2,

 
(,E

XP
R

l 
"*

" 
EX

PR
Z,

 
(IN

T 
2 

(1
3 

24
)) 

(ID
 

i 
(1

3 
28

)))
 

iID
 

j 
(1

3 
32

))
))

 
( 

IS
TM

T 
“; 

” 
S’

M
TS

, 

(IL
V

A
R

 
“:=

” 
EX

PR
I 

(ID
 

j 
(1

3 
35

)) 
(IE

XP
R

l 
"+

" 
EX

PR
ZI

 
(ID

 
j 

(1
3 

40
)) 

(IN
T 

1 
(1

3 
44

)))
) 

(N
IL

), 
11

 
( 

l&
T 

;; 
ir.

 S
TH

TS
, 

(IL
VA

R
 

I:=
" 

EX
PR

I 
(ID

 
1 

(1
5 

7)
) 

iN
IL

llll
l 

(N
IL

)))
)) 

(IE
XP

R
i 

-+
"~

kX
PR

2I
 

(ID
 

I 
(1

5 
12

)) 
(IN

T 
1 

11
5 

16
)))

) 

. 
. 

pp
 

,I 
“re

f” 
Tm

 
id

 
]I 

= 
le

t 
t 

a,
 

rim
pl

cT
 

(rt
) 

= 
Tt

 
,[ 

Ty
pe

 
1,

. 
na

m
e 

= 
r&

Al
~h

aN
am

 
(Id

) 
in

 

i 
I 

(id
. 

rc
fP

ar
aM

4 
W

m
m

. 
t))

 
I. 

Bi
nd

R
ef

Pa
ra

in
 

(n
am

e.
 

ru
nt

im
Ty

pc
 

(s
t))

 
, 

en
d.

 

Pp
 

[I 
"r

cf
" 

Ty
ps

 
id

 
"I"

 
ub

ou
nd

id
s 

"I"
 

11
 

= 
le

t 
co

~"
e"

tT
yp

c 
ad

 
si

m
pl

eT
 

(a
t) 

- 
It 

,( 
Ty

pa
 

I].
 

na
m

e 
- 

m
);A

lp
ha

N
am

 
(id

). 
(a

rra
yT

yp
e,

 
in

u.
 

dA
a)

 
- 

P&
d 

, 
, 

“b
ou

nd
id

s 
I 

] 
co

m
m

ne
”tT

yp
e.

 
im

 
= 

(id
, 

re
fP

ar
ar

tM
 

(n
am

, 
ar

ra
yT

yp
e)

) 

in
 

i 
im

 
:: 

im
s,

 
Bi

nd
R

ef
Ar

ra
yP

ar
am

 
(m

m
, 

C
IA

=,
 

ru
nt

im
er

yp
e 

(s
t))

 
) 

en
d.

 

(' 
---

 
__

-_
_ 

-_
-_

__
 

qx
n 

ar
ra

y 
pr

am
tc

r 
bo

un
ds

 
---

---
---

---
---

---
 

*I 

Pp
n 

II 
id

 
",*

 
uh

ou
nd

Id
s 

11
 

co
m

po
ne

nt
Ty

pc
 

=.
 

le
t 

“a
m

 
= 

m
.k

.A
l‘,h

aN
am

e 
(id

). 
pa

ra
m

 
= 

co
”s

tP
ar

am
n 

(n
am

e,
 

.im
Q

le
T 

(ir
k-

ty
pe

)).
 

,s
"M

rra
yT

yp
e,

 
id

M
o*

e,
, 

dA
s,

 
- 

PM
 

,I 
"b

ou
nd

Id
s 

1)
 

co
m

po
ne

nt
Ty

pe
 

in
 

( 
op

en
A

rra
yT

 
(‘m

m
-&

 
,u

bA
re

ay
Ty

pc
,. 

(id
, 

pa
ra

m
) 

:: 
id

kd
es

, 

D
ec

lS
eq

 
(B

in
dV

al
Pa

rm
 

(n
am

, 
ru

nt
im

Ty
pe

 
(in

t_
ty

pc
)).

 
dA

s)
 

) 
en

d.
 

Pp
n 

I[ 
11

 
co

m
po

ne
nt

Ty
pe

 
= 

,c
or

m
,m

cn
tT

yp
a.

 
ni

l, 
N

ul
lD

cc
l).

 
. 

. 
. 



: 
FI

LE
: 

m
t.a

 
: 

BY
: 

So
l/C

 
co

de
 

qe
ne

ra
to

r 
fo

r 
iA

PX
 

80
86

 
("2

.0
. 

M
ES

S)
 

: 
O

N
: 

03
/1

4/
88

 
at

 
21

:5
2 

ds
eg

 
SC

in
gu

t 
sc

ou
tp

ut
_ 

db
 

'st
di

n'
,O

 
db

 
'st

do
ut

',O
 

C
SC

C
J 

pu
bl

ic
 

SC
m

ai
n-

 
pu

bl
ic

 
SC

in
it-

 
. 

. 
. 

pu
bl

ic
 

SC
w

rit
el

n-
 

d=
g 

Al
 

rb
 

80
0 

B-
2 

rb
 

80
0 

C
:3

 
rb

 
80

0 
K-

4 
rb

 
2 

M
AT

-5
 

&I
 

4 
N

-6
 

l 
Q

J 
6 

M
-7

 
l 

ql
l 

8 
I-8

 
cq

u 
-2

 
J-

9 
eq

u 
-4

 
ca

cq
 

IN
IT

M
AT

R
IX

 
: 

pu
rh

 
-&

I 
m

o"
 

bp
. 

SP
 

su
b 

SP
. 

4 
tri

o"
 

wm
n 

m
 

+ 
I-8

1.
 

0 
jrm

 
-L

lO
O

Z 
L3

.0
03

: 
- 

In
O

” 

-L
lO

Z 

m
ov

 
O

h1
 

su
b 

m
ov

 
m

ov
 

im
ul

 
ad

d 
sh

l 
m

a"
 

ad
d 

W
D

R
D

 
[b

p 
+ 

J-
91

, 
0 

-L
10

05
 

ax
, 

W
O

R
D

 
(b

p 
+ 

I-8
) 

ax
, 

1 
ax

. 
W

O
R

D
 

ib
p 

+ 
J-

91
 

cx
, 

ax
 

ax
, 

W
O

R
D

 
Ib

P 
+ 

I-8
1 

W
O

R
D

 
,b

P+
1(

71
 

ax
, 

W
O

R
D

 
[b

p+
 

J-
91

 
BX

, 
1 

st
or

e 
re

su
lt 

in
di

re
ct

 
m

ov
 

W
O

R
D

 [
bx

], 
cx

 
in

c 
W

O
R

D
 I

bp
 

+ 
J-

9)
 

-L
10

05
: m

ov
 

ax
, 

W
O

R
II 

lb
p 

+ 
J-

91
 

cr
ql

 
ax

. 
(b

P 
+ 

M
-7

1 
jl 

-L
10

06
 

-L
10

07
: in

c 
W

D
R

D
 

(b
l, 

+ 
I-8

, 
Ll

O
O

Z 
: 

m
ov

 
ax

. 
W

O
R

D
 

[b
p 

+ 
I-8

) 
=m

p 
a~

, 
[b

p 
+ 

N
-6

1 
jl 

-L
10

03
 

; 
en

d 
w

hi
le

 
-L

10
04

: ad
d 

ap
. 

4 
PO

P 
bp

 
re

t 
SC

m
ai

n-
: 

en
d 

in
pu

t 
fil

e 
O

U
tp

U
t 

fil
e 

pu
bl

ic
 

sy
rd

xl
s:

 
en

try
 

po
in

t 
fo

r 
m

ai
n 

pr
og

ra
m

 
lib

ra
ry

 
ro

ut
in

e 

lib
ra

ry
 

ro
ut

in
c 

gl
ob

al
 

rto
ra

qe
 

fo
r 

A 
gl

ob
al

 
st

or
aq

c 
fo

r 
B 

gl
ob

al
 

st
or

ag
e 

fo
r 

C
 

gl
ob

al
 

rto
ra

qc
 

fo
r 

k 
be

qi
nn

in
q 

of
 

pr
oc

 
in

itU
at

rix
 

1s
t 

pa
ra

m
te

r 
2n

d 
pa

ra
m

ee
r 

(1
st

 
up

pe
r 

bo
un

d)
 

3r
d 

‘m
ra

m
te

r 
(2

nd
 

u,
,p

er
 

bo
un

d,
 

1s
t 

lo
ca

l 
2n

d 
lo

ca
l 

en
try

 
po

in
t 

fo
r 

in
itll

at
rix

 
lin

k 
D

EV
iO

U
S 

fra
m

 
po

in
t 

to
 

cu
rre

nt
 

fra
m

e 
al

lo
ca

te
 

lo
ca

l 
st

or
aq

c 
i 

:=
 

0 

bo
dy

 
of

 
ou

te
r 

w
hi

le
 

bo
dy

 
of

 
in

ne
r 

w
hi

le
 

cx
 

= 
2 

* 
i 

- 
1 

bx
 

= 
0m

at
 

+ 
fi*

m
tj)

*2
 

'b
x 

:=
 

EX
 

j 
:=

 
j+

1 
in

ne
r 

w
hi

le
 

te
st

 

re
pe

at
 

if 
j 

< 
m

 
en

d 
in

ne
r 

vh
ilc

 
i 

:=
i+

 
1 

ou
te

r 
w

hi
le

 
te

st
 

re
pe

at
 

if 
i 

< 
n 

; 
de

al
lo

ca
te

 
lo

ca
l 

st
or

aq
e 

: 
un

lin
k 

ac
tiv

at
io

n 
re

co
rd

 
: 

qo
 

ho
rn

 

: 
m

ai
n 

pr
oq

ra
m

 
fo

llo
w

s 
he

re
 

. 
. 

. 
( 

! D
EC

LS
EQ

 
(!B

IN
D

PR
C

C
 

(N
AM

8 
IN

IT
"A

TR
IX

, 
(!P

R
oC

 
,!D

EC
LS

EQ
 

(!B
IN

D
R

EF
AR

R
AY

PA
R

AM
 

(N
AM

E 
"A

T-
S)

 
(!D

EC
LS

EP
 

(!B
IN

D
VA

LP
AB

AH
 

(N
AU

8 
N

-6
, 

!IN
TT

YP
B)

 
(!D

EC
LS

EQ
 

(!B
IN

D
VA

LP
AB

AM
 

(N
AH

E 
H

-7
, 

!IN
TT

YP
E)

 
!N

oL
LD

EC
L,

) 
! I

N
TT

YP
E)

 
!N

uL
L.

D
EC

L,
 

(!B
U

XK
 

(!D
EC

LS
EQ

 
(!D

EC
LS

EP
 

(!D
EC

LS
IM

PL
BV

AR
 

(N
AK

E 
I-8

, 
!IN

TT
YP

E)
 

(!D
EC

LS
EQ

 
(!D

EC
LS

IM
PL

EV
AR

 
W

AM
E 

J-
9,

 
!IN

TT
YP

E)
 

!N
O

L&
D

EC
L)

) 
!N

uL
LD

EC
L)

 
( 

!S
TM

PS
EP

 
(!A

SS
IG

N
 

(!V
AR

 
(N

A"
E 

I-8
, 

!IN
TT

YP
E)

 
(!I

N
TE

G
ER

 
0)

) 
, !

 S
TM

TS
EO

 
(!N

BI
LE

 
(!L

ES
S 

(!R
"A

LU
E 

(!V
AR

 
(R

AW
 

I-8
) 

!IN
TT

YP
E)

) 
(!R

VA
Lo

E 
(!V

AU
'A

R
AH

 
W

AM
E 

N
-6

, 
!IN

TT
YP

E,
)) 

( 
!S

TH
TS

EQ
 

(!A
SS

IG
N

 
I!V

AR
 

W
&B

 
J-

9,
 

!IN
TT

YP
E,

 
,!I

N
TE

G
ER

 
0)

) 
(!S

TU
TS

EQ
 

(!w
H

IL
E ,!L
ES

S 
(!R

VA
LU

E 
(!"

AR
 

W
AC

E 
J-

9,
 

!IN
TT

YP
E)

) 
(!R

VA
Lc

TE
 

,!V
AL

FA
R

R
M

 
(N

AM
E 

M
-7

) 
!IN

TT
YP

E,
,, 

(!S
Tl

lT
SE

P 
1 

!A
SS

IG
N

 
~!

IN
D

F.
X 

(!P
.E

FA
R

R
AY

PA
R

AM
 

(N
AM

E 
M

AT
-S

, 
(!E

XP
R

SE
Q

 
(!R

VA
LU

E 
(!V

AW
AR

AH
 

(N
AM

.8
 

N
-6

, 
!IN

TT
YP

E,
) 

, !
Ex

PR
sE

P 
(!R

VA
Lo

E 
(!V

AL
PA

R
AH

 
(N

A"
B 

H
-7

, 
lIN

TT
YP

E)
, 

!N
U

LL
EX

PR
) 

, 
!IN

TT
YP

E)
 

(!F
.x

PR
sE

P 
l!R

VA
LL

TE
 

(!V
AR

 
W

AM
E 

I-8
) 

!IN
TT

YP
E,

) 
~!

F.
Y.

PR
sE

P 
(!R

VA
L"

B 
(!V

AR
 

(N
AM

E 
J-

9)
 

!IN
TT

YP
E)

) 
!N

U
LL

EX
PR

, 
1,

 
(!S

"B
 

(!M
rJ

LT
 

(!I
N

TE
G

ER
 

2)
 

(!R
VA

LU
E 

(!V
AR

 
W

AH
F.

 
I-8

, 
!IN

TT
YP

E,
,) 

(!R
VA

LU
E 

(!V
AR

 
(N

AP
IE

 
J-

9,
 

!IN
TT

YP
E,

,,,
 

, 
!S

T"
TS

Ec
! 

(!A
SS

IG
N

 
C

!V
AR

 
W

AN
E 

J-
9,

 
!IN

TT
YP

E,
 

C
!A

D
D

 
(!R

VA
L"

E 
(!V

AR
 

(N
AM

E 
J-

9)
 

!IN
TT

YP
E)

) 
<!

IN
TE

G
ER

 
1)

)) 
!N

uL
LS

Tl
4T

,, 
, 

(!S
TM

TS
EQ

 
(!A

SS
IG

N
 

(!V
AR

 
(N

AM
E 

I-8
, 

!IN
TT

YP
E,

 
(!A

D
D

 
(!R

VA
LU

E 
(!V

AR
 

(N
AM

E 
I-8

, 
!IN

TT
YP

E,
, 

t!I
N

TE
G

ER
 

1,
)) 

!N
uL

LS
TM

T,
 

), 
) 

!N
O

LL
ST

PI
T)

))]
) 

. 


