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ABSTRACT 

Design automation systems use Computer Hardware Description Langua

ges as the input languages to test and verify the design of digital systems. 

AHPL is a popular hardware description language used to describe 

digital systems. This language is supported by a function-level simulator 

(HPSIM2). This simulator was upgraded (HPSIM2_CL) to support the use of unit 

description called Combinational Logic Units or CLUNITs. 

This thesis presents the transition of HPSIM2_CL from the VAX to the 

Macintosh microcomputer environment. The modifications made to the simula

tor are explained, and examples to test and analyze execution performance are 

also presented. 



CHAPTER 1 

INTRODUCTION 

Computer Hardware Description Languages (CHDL) have proved to be a 

valuable tool to digital hardware designers for describing the different 

components of a digital system. 

In addition to the description, documentation, simulation and synthesis of 

digital systems, Computer Hardware Description Languages are often used as: 

- a medium of communication among hardware and software designers, 

- the input/output language for system partition, design verification, 

performance evaluation and test generation, 

- to generate user manuals, field service manuals, textbooks, and other perma

nent documentation [4]. 

A CHDL constitutes the input to the design automation process, 

consequently, it plays an important role in the task of achieving automatic logic 

and system design [4,22]. 

Most Computer Hardware Description Languages are supported by system 

simulators (or Interpreters) that are used to verify the design of a digital 

system. The Design Automation Process is shown in the diagram of Figure 1.1; 

from it we can see the steps that follows a typical automated design, from its 

specifications to the final physical construction. The design can also be input to 

a Test Generator to model faults in order to create procedures to test the device 

once it is constructed [14,15,16,18,23]. 
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Redesign 

System /Logic 
Simulation 

Test 
Generation 

Physical 

Construction 

Design Description 
using a CHDL 

Design specifications 
and requirements 

Figure 1.1 Design Automation Process 

AHPL (A Hardware Programming Language), a Computer Hardware 

Description Language based on APL (A Programming Language), is one of the 

most popular languages because of its usefulness as a design tool [7,10]. It des

cribes digital systems in a mathematical form and has a one-to-one hardware 

correspondence, allowing the designer to picture clearly the hardware that 

will result from the design description. 

First introduced by F.J. Hill and G.R. Peterson in 1971 [5], AHPL has 

gained wide acceptance from hardware designers because of its features and it 

has served as a teaching tool in digital systems courses. Also, AHPL is fully 

supported by a Design Automation System of the form shown in Figure 1.1. For 

a complete description of the language AHPL the interested reader is referred 

to the book listed as reference [7]. Here, an overview will be given of some 

features that can be important to the purpose of this thesis. 

AHPL is a language based in the assumption that most digital systems 

can be partitioned into a control section and a data section. The control section 

generates all the control signals needed to execute an operation on the 
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data section, and the data section will contain all the registers, logic, and 

interconnections of the system. This partition is shown in Figure 1.2. 

Data 
Output 

Data 
Input 

i i 
Branching 
Information Control 

Signals 

Control 
Outputs 

Control 
Inputs 

Control Sequential 
Circuit 

Data Registers 
and Logic 

Figure 1.2 Data/Control Partition 

Systems described using AHPL can be divided in two block structures: 

Modules and Units. A module contains its own control sequence and data 

section, and the communication with other modules is only through 

input/output channels. Units are networks composed only of combinational 

logic elements and they are referred as Combinational Logic Units (CLUNITs) 

in the language. Modules can not be included in other modules, i.e., they have 

to be declared separately. Units can be called within any module or another 

unit but not recursively. 

AHPL has been improved several times producing more powerful ver

sions.. An enhanced version called AHPL III uses the original features of the 

previous version (AHPL II) but with the addition of a new construct called 

STRUCTURE and the addition of a third index variable [7,9]. Another version of 

this language is called Universal AHPL which maintains all the features of 



AHPL II, but adds asynchronous data transfers, global branches/resets, and 

multiple clocks [16]. 

Available AHPL software includes a function-level simulator HPSIM2 

[18], a compiler HPCOM [15], and a CLU compiler [2]. HPSIM and HPCOM were 

written for AHPL II. The CLU compiler is for Universal AHPL. This compiler 

has been incorporated in the main Universal AHPL Compiler and together 

form part of a Design Automation System [15,16]. 

1971 AHPL language is introduced 
1978 AHPL simulator HPSIM2 is developed 
1978 HPCOM compiler presented 
1981 CLU compiler for Universal AHPL 
1981 Modular Implementation of a digital hardware 

design automation system based on AHPL 
1987 HPSIM2 interactive version 
1989 HPSIM2 is upgraded to support user described 

combinational logic units 
1990 HPSIM2_CL moves to microcomputer world 

Figure 1.3 AHPL and its software support 

HPSIM2 originally supported all the features of AHPL II except for the 

implementation of Combinational Logic Units. The simulator used a small set of 

standard functions representing the most common combinational units. In 

1989 an upgraded VAX VMS version of HPSIM2 called HPSIM2_CL was introdu

ced [21]. This new version gives the designer the ability to describe his or her 

own functions, while still having the choice of using the standard functions. 

HPSIM2 is written in FORTRAN and is available on CDC, IBM, DEC-10, and VAX 11. 

HPSIM2 was upgraded to HPSIM2_CL from the VAX version. 

This paper presents the transition of HPSIM2_CL from the VAX to the 

Macintosh family of microcomputers. As microcomputers become more 
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powerful and more affordable, the advantage of having this type of programs 

in microcomputers is evident. HPSIM2 had already jumped to the microcompu

ter world (to the IBM family) but the increased complexity and size of 

HPSIM2_CL along with the strong presence of the Macintosh family in the 

industrial and education fields made this project a challenge and a necessity. 

This paper is organized in six chapters. Chapter 2 describes the imple

mentation and structure of the simulator. Chapter 3 describes the conversion 

to the Macintosh. Chapter 4 presents an explanation on how to use the simula

tor in the Macintosh environment. Chapter 5 presents examples used to test 

the simulator and contains runtime comparison of programs run in the VAX 

versus the same ones run in the Macintosh, and finally Chapter 6 includes 

some concluding remarks. 
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STRUCTURE OF HPSIM2_CL 

In this chapter, the internal structure of the simulator is explained. First, 

a brief explanation of the structure of the input files and a general view of the 

simulator is given, along with a brief description on the use of CLUNITs. 

2.1 General Structure of the Simulator. 

Figure 2.1 shows a top level modular view of HPSIM (HPSIM2_CL). We can 

see that the simulator requires two input files: a description file, which contains 

the description of a system using AHPL, and a communication file, which contains 

all the initialization values, external input values, and some other information 

needed by the simulator. 

HPSIM 

Output File 

Pass 2 

Pass 1 

Communication 
Section 

File 

AHPL 
Description 

File 

Figure 2.1 Top level modular view of HPSIM 
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HPSIM consists of two passes. Pass 1 reads the input files character by 

character, assembles symbols, checks for syntax and semantic errors, allocates 

storage for the variables, and generates an internal representation of the 

language that is used in Pass 2. If any error is found during Pass 1, messages 

will be sent to the output file and the simulator will stop at the end of this pass. 

If no error is found, the simulation continues to Pass 2 which executes the 

internal representation of the AHPL description. Pass 2 will send to the output 

file all the information selected in the communication file. If an error occurs 

during executing, a message will be sent to the output file and the simulation 

will stop. 

2.1.1 Structure of the AHPL description file. 

Figure 2.2 shows the organization of an AHPL description file. 

Mwjule #1^ 

Module #2 

Module #n ____ 

.Clunit #_1 

Clunit #2 

Clunit #3 

Figure 2.2 AHPL description file organization 

Preparation of the description and communication files is given in the 

HPSIM's user manual [17]. User described combinational logic units were 
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ignored by the previous version of the simulator. For a more complete 

description of the syntax for combinational logic units that are interpreted by 

HPSIM2_CL consult reference [21]. 

2.1.2 Standard functions in HPSIM2. 

HPSIM uses a set of internal routines to simulate any of a small set of 

standard functions. This set is shown in Table 2.1. 

Description AHPL Symbol HPSIM Symbol Argument Type 

Addition ADD(X;Y;c) ADD(X;Y;c) X, Y Vectors; c scalar 
Substraction SUB(X;Y) SUB(X;Y) X, Y Vectors 
Increment INC(X) INC(X) X Vector 
Bus Function BUSFN(X;Y) BUSFN(X;Y) X Array, Y Vector 
Decode DCD(X) DCD(X) X Vector 
Decrement DEC(X) DEC(X) X Vector 
Magnitude 
Comparison COMPARE(X;Y) X,Y Vectors 
Associate ASSOC(X;Y) ASSOC(X;Y) X Array, Y Vector 

Table 2.1 HPSIM standard functions 

Table 2.1 represents the most common units found in a digital system 

and they are still available in HPSIM2_CL. This table is explained in HPSIM's 

user manual. The declaration of combinational logic units in HPSIM using the 

above set of standard functions, as well as the declaration of user described 

functions, are explained thoroughly in reference [21]. HPSIM2_CL in the 

Macintosh maintains this syntax conventions. 

2.1.3 CLUNIT descriptions in HPSIM2_CL. 

The syntax for Combinational Logic Units descriptions used in the 

simulator HPSIM2_CL is consistent with the syntax given in reference [7] 
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except for the restriction of declaring each combinational unit in a separate 

statement [21]. 

The main blocks of a Combinational Logic Unit Description are shown in 

Figure 2.3. We can see that a unit description is formed by three parts: a unit 

header, a declaration section, and a body section. Each part is explained with 

great detail in reference [21]. 

CLU: UNIT_NAME (ARGUMENT_LIST) { PARAMETER LIST ] . 
DECLARATION_SECTION 

BODY 
C0NNECT10N_ACTIVITY 

END. 

Figure 2.3 Syntax for combinational logic unit descriptions. 

HPSIM uses a set of reserved words that had to be increased with the' 

implementation of unit descriptions. The new set of reserved words consists of 

46 words and it is given in Table 2.2. 

1 

AHPLMODULE MEMORY BUSES LABELS ONESHOTS 
EXINPUTS NT CONTROLRESET DEADEND NODELAY 
ENDSEQUENCE NULL EXBUSES 

11 

INPUTS OUTPUTS CLUNITS INC DEC 
ADD SUB DCD BUSFN ASSOC 
COMPARE PRI END 

m 
CLU CTERMS BODY IF THEN 
ELSE FI FOR TO STEP 
CONSTRUCT ROF 

IV 
CLOCKLIMIT EXLINES SUPRESS INITIALIZE ALL 
REPEAT OPTION DUMP 

Table 2.2 Reserved words for HPSIM. 
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Table 2.2 was divided in four sections to illustrate the reserved words for 

a module, a unit, and a communication file. Section I has the reserved words 

used in a AHPL module, section II has the reserved words that can be used in 

either a module or a unit, section III has the reserved words for a unit 

description, and section IV has the ones used in the communication file. Once 

again, see reference [21] for a complete description of CLUNITs syntax and for 

the use of the reserved words of section III in Table 2.2. 

2.2 Internal structure of HPSIM2_CL. 

As it was mentioned, HPSIM is a simulator consisting of two passes. In 

Figure 2.4 we can see the main parts of this two passes. 

Pass 1 

Pass 2 

END Routine 

CLUNIT Parser MODULE Parser 

CLUNIT Execution MODULE Execution 

MAIN 

Routine 

Figure 2.4 Main block structure of HPSIM2_CL 

The CLUNIT parser and the CLUNIT executer were added for HPSIM2_CL. 

The function of both parsers is the same. They read the AHPL descrip

tion file, check for syntax and semantic errors, allocate storage for the 

variables, and transform the AHPL description to an internal table representa

tion. When the MODULE parser finds the beginning of a unit description, it 

passes the control of the input file to the CLUNIT parser. After the CLUNIT 
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parser finishes processing all the declared units, the control of the simulation 

returns to the MODULE parser. 

Control of the simulation returns to the MAIN routine when Pass 1 is 

finished. If a syntactic or semantic error was found during this pass, MAIN 

calls the END routine which outputs a message and simulation stops. Otherwise, 

control is passed to the execution routines (Pass 2). 

A set of routines in MODULE Execution executes the internal representa

tion of the description of a module. If during execution of a module a unit 

description is invoked, control passes to the CLUNIT execution routines until 

this is processed, then the control returns to the MODULE executer. If an error 

is found in Pass 2 (execution error) the END routine will stop the simulation 

and will send a message describing the error to the output file. The MAIN 

routine gets the names of the input and output files, the name of the communi

cation file, and activates the two passes. The END routine displays the number 

of errors that occurred during Pass 1 and also stops the simulation with an 

ending message. 

All the information concerning the internal structure of the MODULE 'S 

Parser and Executer is given in the HPSIM2 system's manual [17]. This manual 

offers an extensive description of the internal function of HPSIM2 and only 

those parts of HPSIM2_CL that are important for the understanding of the 

process of porting to the Macintosh will be described here. 

2.2.1 Structure of the parsers. 

A block representation of the main routines of Pass 1 is shown below in 

Figure 2.5. It illustrates the similarities of the parsers and the use of a common 
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routine called scanner. A description of some blocks in this figure will be 

given in the following sections in order to understand the new simulator and 

the modifications explained later in Chapter 3. 

MODULE Parser CLUNIT Parser 

Semantic 
Routines 

T 
Main Parsing 

Routine 

Error 
Routine Scanner 

Main Parsing 
Routine 

IT 
Semantic 

EB*" Routines 

Error 
Routine 

T 

Figure 2.5 Block structure of MODULE and CLUNIT parsers. 

2.2.1.1 Scanner. 

The scanner is a routine that reads the input files one line at a time, and 

each line is broken into characters and words that are converted internally 

into tokens and sub-tokens. A token is a symbol that can appear in the syntax 

of the language and it is usually associated with a token-number. A sub-token 

is used to identify a specific symbol when this symbol is part of a group of 

symbols with the same token-number. The scanner will only accept symbols 

defined in the syntax of the language. A strange symbol will cause the 

simulation to stop. 

The scanner identifies keywords from variables by comparing the 

current symbol with a set of reserved words. If the variable is a keyword, then 
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the token-number for that keyword is used. The scanner returns to the main 

parsers a token and a sub-token for each symbol that is found. The addition of 

the syntax for combinational logic unit descriptions created twenty new 

tokens. The complete list of tokens is given in Appendix A. 

2.2.1.2 Main parsers. 

The parsers are in charge of the syntax analysis of the language. The 

purpose of the parsers is to determine, with the help of a context-free gram

mar, if a string of tokens can represent a legal construct of the language. 

The syntax of AHPL constructs can be described by a context-free 

grammar or BNF (Backus-Naur Form) notation [1,2]. This is one of the several 

notations used to describe formal languages and provides a short and efficient 

reference for the language user since it summarizes all legal constructs in a 

page or two. 

HPSIM uses a table-directed method to parse the syntax of modules in a 

AHPL file [20], and the same data structure was kept for the CLUNIT parser. 

The structure of the MODULE parser and the grammar for module descriptions 

is given in the system's manual for HPSIM [17], while the structure of the 

CLUNIT parser and the grammar for CLUNIT descriptions can be found in 

reference [21]. 

Declaration and symbol subscription syntax of HPSIM is checked in an 

ad-hoc manner. This method was chosen since the AHPL declaration section 

has a very simple syntactic construct. Also the fact that symbol subscripts are 

always constants enables us to allocate the symbols and replace them by 
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pointers, and use pointers for table-directed parsing. Figure 2.6 illustrates the 

parsing organization in HPSIM. 

Declarations 

Pointers Symbols 

Control 
Sequence 

Ad-hoc 
Parser 

Table 
directed 
parser 

AHPL 
Declarations 

AHPL 
Control 
Sequence 
with 
subscripted 
symbols 

Figure 2.6 General parsing organization 

2.2.1.3 Error routines. 

The error routines in HPSIM are in charge of displaying error messages 

and of taking the necessary actions to recover from an error. During the 

parsing stage two types of errors can be found, either a syntax error or a 

semantic error. Since an illegal syntax construction at the beginning of a 

program can blow up the parsers, error recovery routines exist. The structure 

of the error routine for the MODULE parser is given in the HPSIM2 system's 

manual and the structure of the error routine for the CLUNIT parser is given 

in reference [21]. It is not necessary to repeat them here, but to be aware of 

their existence. 

2.2.1.4 Semantics Phase. 

The semantics routines translate the source code into an internal 

representation, and also check the source code for semantic errors. The 
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semantic process can be explained as follows: Once a production has been 

constructed by the parser, it is handed over to a semantic routine that will 

check for semantic errors. If no error is found, the production is translated to 

an internal representation. If an error is found, an error message is sent to 

the output file giving the nature and location of the error. 

The description and function of the semantic routines will not be 

repeated here since no major modifications have been made to them in the 

Macintosh version. In order to understand the function of these routines, it is 

necessary to describe the tables to which the source code is translated. HPSIM 

uses a set of ten tables to represent the code of a AHPL description file. Four of 

the tables were added with the implementation of user defined units and their 

description can be found in reference [21]. The rest are described in the 

HPSIM2 system's manual. 

2.2.2 Execution Process. 

When Pass 1 is over, i.e. the parsing process is finished, the control of 

the simulator passes to the execution process (Pass 2). Here, the simulator will 

select all the information needed to execute a statement from the execution 

tables created in Pass 1. 

The execution routines for the MODULE executer are also described in 

the HPSIM2 system's manual [17]. These routines are in charge of the initiliza-

tion of the execution process and the output of the simulator. The main routine 

of MODULE executer (EXEC) is called when Pass 1 has completed translating the 

source code into the executable tables. It is called only once and stays in 

control of the execution process until the interpretation is all done. During the 
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execution of a module description, if the main routine of the MODULE executer 

finds a function call to a user defined unit, it will call routine E41T41. This 

routine then calls the main execution routine of the CLUNIT exe

cuter which will decide what supporting routine to call. Figure 2.7 describes 

this process. 

Main routine of 
MODULE executer 

Main routine of 
CLUNIT executer 

E41T41 

CEnlTn2 E09T09 EnlTn2 CE12T12 

Execution 
Tables 

Figure 2.7 CLUNIT Execution process 

During the execution phase, some information is read or written into 

the execution tables. This is shown in Figure 2.7. The executable productions in 

the grammar for CLUNITs are grouped into 15 execution routines that are 

named "CE nl T n2", meaning that this routine executes productions "nl" and 

/through "n2". Some routines from the MODULE executer are used by the 

CLUNIT executer. Once again, the description of the CLUNIT execution routines 

is given in reference [21]. 

2.3 Concluding remarks. 

The internal structure of the simulator has been given in a somewhat 

general way. Many details have been left out because they are fully covered in 
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the HPSIM2 system's manual and in reference [21] (Combinational Logic Unit 

implementation for the AHPL simulator HPSIM2), which should be used along 

with this paper. 

The purpose of this chapter is to familiarize the reader with the 

structure of HPSIM2_CL without much complication, so that the modifications 

in the simulator explained in the following chapter can be understood. 
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HPSIM2_CL TO THE MACINTOSH 

This chapter describes the procedure taken and the changes made in 

porting the simulator HPSIM2_CL from the VAX-11 to the Macintosh microcom

puter environment. 

3.1 Planning the porting. 

HPSIM2_CL, the HPSIM2 version for user described combinational logic 

units, was developed on a VAX-11 using the FORTRAN language. The project 

concerning this paper was to port the simulator making it available in the 

Macintosh microcomputer environment. The machine on which the program was to 

be compiled was a Macintosh IIx. 

A relatively new family of microcomputers, the Macintosh family 

presented recently (1988) the Macintosh IIx, one of the most powerful micro

computers with good software support. Along with others, this machine gave more 

support to the trend of porting large programs from minicomputers and 

mainframes. 

The decision was made to choose the best FORTRAN compiler available for 

the Macintosh IIx, based upon criteria including one that the compiler should be 

as compatible as possible to VAX FORTRAN. This would result in considerable 

savings in effort. Our compiler. Language System FORTRAN, offers among several 

other features the following specifications: full ANSI 
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Standard FORTRAN 77, extensions from VAX VMS FORTRAN and full integra

tion to MPW. 

3.1.1 Programming environment. 

HPSIM2_CL was compiled in Language Systems FORTRAN compiler, that 

is integrated to MPW. This was the environment in which the source code was 

modified. 

MPW (Macintosh Programmer's Workshop) is Apple's software develop

ment system for the Macintosh family. It offers a powerful environment that 

provides development tools for the Apple Macintosh computer. Briefly, MPW 

(3.0) consists of the following parts: 

- MPW shell (the programming environment) 

- Project Management system 

- Resource compiler and decompiler 

- Resource editor 

- Linker 

- Make and Dialog interface 

- Performance-measurement tools, etc. 

The system also includes a comprehensive array of additional tools for 

creating and manipulating text and resource files. Several MPW products are 

separately available such as our FORTRAN compiler, MPW Assembler, MPW 

Pascal, MPW C, etc. 

Another important advantage of MPW (over other and previous deve

lopment systems) is that it is compatible with Multifinder (see section 4.3 in 

Chapter 4), allowing MPW tools to operate in the background when using 



Macintosh System 6.02 with Multifinder. This means than we can switch to 

another application while a tool, such as a compiler, is running. We can also 

configure our system so that we can use the MPW Shell for editing or other 

operations while a tool runs in the background. 

3.1.2 Macintosh IIx specifications. 

The Macintosh IIx machine features a 16 MHz 68030 CPU, a 68882 math 

coprocessor or floating-point unit (FPU), and a 3 1/2-inch floppy disk drive 

and controller chip that allow the Mac IIx to read and write 720K-byte and 1.44 

megabyte 3 1/2-inch PC floppy disks. Our Mac IIx also features 4 megabytes of 

RAM and a 80-megabyte hard disk drive. 

The 68030 microprocessor features separate 256-byte instruction and 

data caches and a built-in memory management unit (MMU) that provide the 

Mac IIx with good performance. 

3.2 Conversion to the Macintosh. 

In this section, all modifications made in the simulator HPSIM2_CL will 

be discussed. These changes were necessary to translate it to the Macintosh IIx 

(using Language System FORTRAN 1.2.1 compiler and MPW 3.0), and similar 

changes could be needed for other machines. 

3.2.1 SCANNER subroutine. 

The subroutine that required the most modification was SCANNER (see 

Chapter 2). This subroutine reads one line of code, breaks it into characters, 

constructs, tokens, and outputs a token-number and a sub-token number for 
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each token. In this HPSIM2 version, characters are read by the scanner in 

ASCII code and the reason for using the translation to token-numbers was to 

provide for easy modification of the scanner routine for other computers. 

The scanner reads a line of eighty characters, and puts them in a buffer 

of eighty words (one character per word). It uses the characters in this buffer 

for building the tokens, and when the buffer is empty, a new source-code line 

is read and the buffer is refilled. This process continues until an End-Of-File is 

encountered. 

Several instructions were modified regarding the process mentioned 

above since the VAX executes some operations in an opposite direction as the 

Macintosh does. For example, 

CFIXED = C)R(MSK20, AND(CARD( 1 ),MSK0F)) 

is ANDing the value in array CARD with the integer MSKOF which was 

initialized with an hexadecimal value, and then ORing the result with the 

integer value MASK20. Let us suppose that CARD(l) contains the word CLUN, 

and the values of MSKOF and MSK20 are FFFFFFOO(hex) and 00000020(hex), 

respectively. The operation is, 

C L U N  C L U O  
FF FF FF 00 (AND) 00 00 00 20 fOR^ 

C L U O  C L U _  s i n c e  2 0  h e x  i s  a  b l a n k  
character 

This is a straightforward operation in the Mac as in the example. The 

VAX, in order to execute the same operation requires (in this case without 

changing the code) to have MSK0F=00FFFFFF and MSK20=20000000, since the 

word is rotated, the operation executed and then the result is rotated back. 

Several instructions were modified and the source program is well documented 
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with respect to these changes. In some cases the changes were made in the 

initialization values of some constants such as in the example given above, 

leaving the instruction unchanged. 

Also in the subroutine SCANNER in the VAX, there was a COMMON 

variable initialized in the subroutine, and then given different values during 

the execution of the subroutine. Initialization of COMMON variables inside a 

subroutine is not allowed in the Mac Fortran. It has to be done in a Block Data 

subprogram. 

Several other subroutines with operations similar to that of the 

SCANNER (opposite direction type) required changes. These subroutines are: 

-EXESTPRI (executes the standard and primitive functions) 
-F29T43 
-P37T40 
-OUTPUT (print the results of the last executed step). 
-KEYFIX 

3.2.2 Notation and data types. 

String tables COLSYM and ROWSYM (used for outputing error messages) 

in the VAX are declared as DOUBLE PRECISION. The Macintosh FORTRAN 

compiler did not accept it and they were changed to CHARACTER*8 type. This 

was done in the Block Data subprogram ALLHPTAB where the COMMON 

variables for the MODULE parser and executer are initialized. Also in this Block 

the table used for syntax analysis of the AHPL sequence and the one for 

parsing the communication section are given. These tables contain packed 

data represented in hexadecimal form. 

In FORTRAN, hexadecimal values used as input data to integer variables 

use the Z format descriptor. VAX FORTRAN uses in program code this same 
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descriptor to designate the value to be in hexadecimal notation. Macintosh 

FORTRAN instead uses a dollar sign ($) to designate the hexadecimal notation. 

This change was done in all the DATA TABLES with data in hexadecimal form, 

as well as in several subroutines using 'masks' in hexadecimal. 

3.2.3 Miscellaneous changes. 

In this subsection an account of the rest of the changes made in the 

simulator will be given. The modifications explained previously were done 

extensively throughout the program in a number of subroutines. The 

following changes to be described were special cases which occured in single 

subroutines, with the exception of the first case which belongs apart. 

3.2.3.1 Local variables. 

When program execution reaches the RETURN or END statement at the 

end of a subprogram, all the variables defined in that subprogram become 

undefined. Many popular FORTRAN language implementations, including VAX 

VMS and IBM mainframe, normally retain values of variables. HPSIM2_CL in 

the VAX was designed with this in mind. Language Systems FORTRAN requires 

that we take special action if we want values saved, as specified in the ANSI 

standard [24,25]. If we want the values of a subprogram's variables retained, 

we can use a SAVE statement in that subprogram. This did not sound very 

practical considering that HPSIM2_CL consists of more 80 subprograms. 

Fortunately, MPW's FORTRAN compiler offers a compiler option -saveall, and 

the compiler treats each subprogram as if it contained a SAVE statement. 

The Language Systems FORTRAN compiler also offered a way to manipu
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late COMMON statements to achieve faster execution. In summary it recommen

ded to copy declarations of all the COMMONS into the main program, and to 

include the frecuently-called subprograms in the same compile with the main 

program so the compiler would be able to provide a shortcut that results in the 

improvement in execution speed. 

3.2.3.2 Error message. 

When testing the simulator it was discovered that it failed to report the 

name of undeclared variables in the AHPL sequence (not in CLUNITs). This was 

a bug left when the simulator was improved. 

The subroutine FILSRT, which looks up the symbol in the declaration 

table, was corrected and the changes made can be seen in the code. FILSRT 

assists the symbol-manager subroutine which is called by the symbol-parser 

in the Semantics phase. The function of the subroutines is fully explained in 

the HPSIM2 system's manual. 

3.2.3.3 Block data ALLHPTAB. 

The initialization of COMMON variables in FORTRAN is done in subpro

grams named BLOCK DATA Subprograms. ALLHPTAB is the name of one of the 

three data subprograms in HPSIM2_CL. The other two were added with the last 

improvement of the simulator. 

Besides the changes in the block data ALLHPTAB mentioned before, 

other changes were needed such as the initialization of 8 variables and arrays. 

They were declared and initialized with 0 values. The VAX FORTRAN compiler 

automatically had initialized them, but in the Mac they have undefined values. 
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3.2.3.4 Subroutine C42T48. 

In this subroutine, which does semantics for productions 42 to 48, a call 

to subroutine SEMANT (below) had several dummy variables that the VAX gave 

values of 0. The Mac compiler did not report anything wrong with this since 

variables do not need to be declared, but here they had undefined value. The 

problem was detected after revision of the code prompted by runtime errors. 

CALL SEMANT(NEWLHS,A,B,C,D,E,F,G,H,I,PV1,J,K,L,M,N,0,P,NEWPNT) 

The problem was corrected by substituting the variables A through P 

(not including PV1) for O's since the variables were not used in the caller 

subprogram, i.e. they did not bring back any value. 

3.2.3.5 Subroutine CE73T73. 

One of the most difficult problems to detect was in this subroutine, 

which executes production 73 (user defined CLUNIT invocation). In order to 

understand the problem please observe Figure 3.1 

GO TO 300 
I 
I 
I 

1 

GOTQ 1300 
i 
i 

DO 3($0 I=l,NWORDS 
I 
1 
I 

DO 3 Q0 I=l,NWORDS 
1 

300 CONTINUE 300 CONTINUE 
RETURN 1300 CONTINUE 
END RETURN 

END 

(a) Wrong (b) Right 

FIGURE 3.1 Program Code 
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In part (a) of Figure 3.1 we can see the part of the code that worked fine 

in the VAX but not in the Mac. Here the DO statement terminates in a CONTINUE 

statement that is also the destination of a GO TO statement. CONTINUE is an 

executable statement that caused the Mac to execute the DO loop once even 

when the control was passed from the GO TO. In (b) we see the correction since 

this was the expected effect of the code. The GO TO label could have been given 

to the instruction next to the loop's CONTINUE but in our case the next 

instruction is a RETURN. 

3.3 Concluding remarks. 

The fact that FORTRAN is an unstructured language made the code 

difficult to follow and understand. Many flags were used to follow the 

simulator's run and the documentation in the code was very helpful. Most of 

the changes made during the translation of the simulator are signaled with 

comments in the source code and this, along with this chapter, the HPSIM2 

system's manual and reference [21], are sufficient to understand the 

modifications. Considerable work was saved thanks to choosing the right 

compiler and using MPW and Multifinder. 
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USING HPSIM2_CL 

This chapter presents the information necessary to be able to use the 

simulator HPSIM2_CL in the Macintosh environment. 

4.1 Macintosh basics. 

Before explaining how to run HPSIM2_CL in the Macintosh it is necessa

ry to review some important concepts to help out those not familiar with the 

Macintosh environment. This part serves as a quick reference for using and 

running any application in the Macintosh. 

4.1.1 Operating fundamentals. 

When the computer is turned on we see on the screen the desktop. The 

term desktop is a metaphor for the area we see on the screen when we start the 

computer- the menu bar, a work area, assorted icons representing folders. 

documents and applications, and the Trash. The desktop is our base of opera

tions, the place where we can organize what we want to keep, where we want to 

keep it, what we want to work with, what we want to duplicate or rename, and what 

we want to discard. The desktop is created and maintained by a system 

application called the Finder. 

On the desktop, we have four types of icons: disks, documents, folders, and 

applications. We can open disks and folders, start applications and open 



3 8  

documents, work on them, and put them away again- just by moving the mouse 

and pressing the mouse button. 

The basic tool the Macintosh provides to organize our work is the 

familiar file folder. We can create folders, name them to suit our needs, and 

even nest folders inside other folders. With folders, a hierarchy of files, appli

cations, and documents can be created to arrange our work however we want 

and find what we need quickly. 

One really useful feature of folders on the Macintosh is the way that the 

Finder helps keep track of what is in them - using directories. The Finder 

creates a directory automatically for each folder produced. We can see the 

contents of any folder by opening its icon into a directory window. With the 

Macintosh we can have many windows on our desktop at the same time. The 

window we are working on is always the active window (with several windows 

open, the active window is likely to be in front of the other windows). We can 

open icons inside a directory window, just as we opened icons on the desktop. 

Folders let us arrange applications and documents in a hierarchy. When 

we open a disk and see a folder (or file) in the disk's directory window, we are 

looking at the top level of the hierarchy. When we open that folder we see 

another window that shows what is inside - probably more files and folders. 

Now we are looking at the second level of the hierarchy. 

We can nest files until we have about 12 levels. Luckily we do not have 

to worry about misplacing a file, even a deeply nested one. If we know its 

name, we can find any file or folder by using the Find File desk accessory. 

The hierarchical file system can be especially helpful when working 
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within an application. Whenever we choose Open or Save as from the File 

menu within an application, we see the same hierarchy of folders we created 

in the Finder. A dialog box appears containing a directory of the current 

folder or disk. We open these folders in the same way we open folders in the 

Finder - by selecting them and clicking the Open button, or by double-clicking 

them. We can move through the entire hierarchy of folders in this way, 

opening folders within the current open folder, until we reach the document 

we want to open. 

4.2 Running HPSIM2_CL. 

This section explains the steps that need to be taken in order to run 

HPS1M2_CL in the Macintosh. The simulator has been adapted to the Macintosh 

environment bringing it originally to a Macintosh IIx and has been tested also 

in a Macintosh SE 30. 

To start HPSIM2_CL from a floppy disk: 

- With the computer on (having the desktop on the screen), insert the disk 

containing the simulator (an icon representing the disk will appear on the 

desktop), then move the mouse and position the pointer on the disk icon and 

double-click. A window will open and you will see the contents of the disk. This 

window displays a directory of icons representing the contents of your disk. 

The application HPSIM2_CL and your files (AHPL description and communica

tion files) must be in this directory. 

- Open the application HPSIM2_CL either by double-clicking on it or by 

selecting it (clicking once on it) and choosing Open from the File menu. The 
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program will run as on the VAX. After a few seconds required to load the 

program from the disk you will see in a new window the response: 

University of Arizona 

Electrical and Computer Engineering Department 

AHPL Simulator HPSIM2_CL 

Enter AHPL sequence file name: 

The default directory will be the one from which the application was opened, 

so the data files must be located there. After entering the name of the sequen

ce file you will get the next query: 

Enter communication section file: 

followed by: 

Enter output file name: 

If a mistake is made the program will respond according to the error and will 

ask if you want to continue. When everything is correct the simulation will 

run. It can take anywhere from seconds to several minutes to complete a run. 

At the end you will get the message: 

SIMULATION COMPLETE 

STOP 

Now we can close the window that was created for running the program and 

we return to our original window from where we run HPSIM. We can see the 

new icon created representing our output file produced by the simulation. We 

can print it using the Print option in the File menu or look at it by opening 

the document. 
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All documents in the Macintosh have a certain type depending on the 

application they were created from. Since HPSIM2_CL was developed in MPW, 

all files produced by the simulator run are MPW type. For this reason, if we try 

to open our output file by double-clicking on its icon MPW will be started (if 

MPW exists in our computer, no matter where it is located). If we do not have 

MPW we can see (and edit) our output file by opening any editor or word 

processor available and opening the file through the File menu. 

It is recommended not to run HPSIM directly from the disk, instead copy 

the simulator and the files into a new folder in the internal drive and run the 

program from there. This will decrease the length of time of the run since the 

writing to the floppy takes longer. 

To start HPSIM2_CL from the internal hard drive: 

- Open the HPSIM icon from the active window where it resides. The program 

will look for the data files on this directory. Again, an application program 

can be run by double-clicking on its icon or by selecting the icon (clicking 

once on it) and then choosing Open from the File menu. 

MPW allows us to run applications from its MPW Worksheet simply by 

setting the correct directory and typing the name of the application and 

pressing the Enter key (not Return). This way we do not have to leave MPW in 

order to run the application and see or edit the files. 

4.3 Working with Multifinder. 

Multifinder is the first-generation multitasking operating system for 

the Apple Macintosh Plus, Macintosh SE, and Macintosh II computers, making 
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it possible to have several applications open at the same time, including back

ground applications that let the user perform one task while the machine 

performs another [12,13]. 

- We can see and work with documents from different applications concu

rrently. This means, for example, that we can copy and paste information 

between documents (and applications) easily and quickly without having 

to save one document before another one is opened. 

-We can have constant access to the Finder. This makes it possible to start 

additional applications whenever we want, rename or delete documents 

we are not working on, and so on. 

- Because Macintosh has background processing capabilities we will be 

able to run certain applications in the background while we continue 

working. 

Multifinder runs on all Macintosh Plus, Macintosh SE and Macintosh II 

computers with a minimum of 1 megabyte of memory (RAM). 

Many desk accessories and applications do not work well or even at all 

with Multifinder due to their memory requirements. HPSIM2_CL belongs to 

this category and it is not recommended to run it with Multifinder. It is 

possible to switch Multifinder on and off using the set startup command under 

special in the desktop menu bar. After we set the Finder or Multifinder as the 

startup option we should restart the computer to activate it. 
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RUNNING EXAMPLES IN THE MACINTOSH 

This chapter includes several examples of AHPL descriptions using user 

described CLUNITs that were tested in HPSIM2_CL in the Macintosh. The exam

ples have a brief description of their operation. 

A runtime comparison is given for three examples which were run in the 

VAX as well as in the Macintosh for the purpose of comparing speeds and 

analyzing performance. These examples are tested using three different ways of 

using CLUNITs in the simulator. 

5.1 A special-purpose digital system. 

This example, which is similar to the problem description 5.29 given in 

reference 6, is about two small memory arrays, M and N, each consisting of 16 

eigth-bit words that form part of a digital system. At the beginning, array M 

contains 16 random numbers, which are to be transferred to N and arranged in 

the order of magnitude. The largest is to be placed in N<0>. The AHPL control 

sequence given in Figure 5.1 accomplishes this operation. It makes use of four 

combinational logic units that include one named LARGER, which has two I-bit 

vector arguments, A and B. The network has two outputs, LARGER[2], such that 

LARGER = 0, 1 if A > B (decimal equivalent of the binary represented by A,B) 

LARGER = 1, 0 if A < B 

LARGER = 0, 0 if A = B 
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AHPLMODULE: MemoArrays. 
MEMORY: 
M<16>[8] ;N<16>[8] ;ARM[4] ;ARN[4] ;WRM[8] ;SR[8] ;SRA[4] ;G[2] . 
EXINPUTS: ss. 
CLUNITS: INCA[4]<:Incr{4}. 
CLUNITS: BUSFN[4]<:Busfunc {16;4}. 
CLUNITS: DCD[16]<:Decoder {4}. 
CLUNITS: LARGE[21 CLarger {8; 8>. 

1 ARM<=4 $ 0;ARN<=4 $ 0; 
=>(Ass,ss)/(l,2). 

2 SR<=BUSFN(M;DCD(ARM)). 
3 ARM<=INCA (ARM) . 
4 WRM<=BUSFN(M;DCD(ARM)). 
5 G[0:1]<=LARG(SR;WRM). 
6 SR<=(SRIWRM!SR)*(G[1],G[0],A(G[0]+G[1])); 

SRA*(G[0]+*(G[0]+G[1]))<=ARM; 
=>(&/ARM,A(&/ARM))/(7, 3). 

7 N*DCD(ARN)<=SR; 
M*DCD(SRA)<=8$0; 
ARN<=INCA(ARN); 
=>(&/ARN,A(&/ARN))/(1,2). 

ENDSEQUENCE 
CONTROLRESET(1). 

END. 

Figure 5.1 AHPL Control Sequence 

Figure 5.1 shows the module description of our special-purpose digital 

system. The module contains the two memory arrays, with their respective 

address registers, ARM and ARN. Also, we have several registers that complete 

the system to accomplish the operations described. The memory array M is 

initialized with random values in the communication section. 

Our example of Figure S.l uses four combinational logic units called Incr, 

Busfunc, Decoder and Larger. Only the description of the unit Larger is given, 

and we can see it in Figure 5.2. The other three CLUNIT descriptions were 

available for running this example to test the simulator but are also available as 

a standard functions. 
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CLU: Larger(A;B) 
INPUTS: A[i];B[i]. 
OUTPUTS: L[2]. 
CTERMS:C[I];D[I];K[I];M[I]. 
BODY 

FOR N=0 TO 1-1 CONSTRUCT 
IF N=0 THEN 
K[N]=\1\;M[N]=\1\ 

ELSE 
K[N] = C\A[N-1]+B[N-1] )&K[N-1] ; 
M [N] = (A [N-l ] +~B [N-l ] ) &M [N-l ] 

FI 
ROF; 
FOR J=0 TO 1-1 CONSTRUCT 

IF J=0 THEN 
C[J] =A,A[ J] &B [ J] ; 

D[J]=A[J]&*B[J] 
ELSE 

C[J] =C[J-l] +^A[ J] &B[J] &K[J] ; 
D [J] =D [J-l] +A[J] &^B [J] &M[ J] 
FI 

ROF; 
L=C[I-1],D[I-1]. 

END. 

Figure 5.2 Description of CLUNTT Larger 

The unit Larger receives two operands of size i and outputs the result of 

the comparison; if operand A is larger, equal or smaller than B then L will show 

this in its output as described in the problem statement. 

In order to simulate the descriptions, it is necessary to have a communi

cation file, for initialization of registers, to input external values and select the 

information to be shown in the output. Figure 5.3 shows this file. 

OPTION 6. 
CLOCKLIMIT 200. 
EXLINES SS=1#3,0. 
INITIALIZE M<0:15> <= ' 3 !  ' 4 !  ' 7 !  ' 2 !  • 1 !  1  5! ' 4 !  ' 6 !  

« F !  ' 6 !  ' 0 !  • A !  • 8 !  ' 9 !  • C !  ' B .  
OUTPUTS SS;SR;ARM;ARN; SRA;WRM;G. 
DUMP M<0:15>;N<0:15>. 

Figure 5.3 Communication section 

Option 6 is used to indicate that all the output values will be in hexadeci
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mal form. Clocklimit gives the maximum number of clock pulses that will be 

simulated. Initialization of the M memory array is also done in this file. 

In the partial output shown in figure S.4 we see the first twenty clocks. We 

can observe that when comparing the registers SR and WRM the CLUNIT Large 

outputs G[2]; After all values in array M are compared, the largest is stored in N 

starting in N<0>. 

SS 
SR 

ARM 
ARN 

I SRA 
1 1 1 1 1 WRM 
1 1 1 1 1 1 G 

# 1 1 1 1 i 1 1 
1 1 0 0 0 0 0 0 
2 1 0 0 0 0 0 0 
3 1 3 0 0 0 0 0 
4 0 3 1 0 0 0 0 
5 0 3 1 0 0 4 0 
6 0 3 1 0 0 4 2 
7 0 4 1 0 1 4 2 
8 0 4 2 0 1 4 2 
9 0 4 2 0 1 7 2 

10 0 4 2 0 1 7 2 
11 0 7 2 0 2 7 2 
12 0 7 3 0 2 7 2 
13 0 7 3 0 2 2 2 
14 0 7 3 0 2 2 1 
15 0 7 3 0 2 2 1 
16 0 7 4 0 2 2 1 
17 0 7 4 0 2 1 1 
18 0 7 4 0 2 1 1 
19 0 7 4 0 2 1 1 
20 0 7 5 0 2 1 1 

::::: PROGRAM REACHED THE CLOCKLIMIT. INTERPRETER STOPS : 
HPSIM OUTPUT, DUMP OF MEMORIES AND REGISTERS: 

M <0: 15> 0000000000000000 

N <0: 15> FCB A9876654432 1 0 

Figure 5.4 Partial output for example 1 
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At the end of the output we see the value of the memory arrays. 

5.2 Testing and analyzing performance of HPSIM2_CL. 

In this section three examples of AHPL descriptions are used to show the 

compiling and execution speed of HPSIM2_CL in the Macintosh. These same 

examples were run in the VAX. The results will be compared in the following 

section. 

5.2.1 Read-Only-Memory description. 

This first example, to be identified as case 1 in the upcoming discussion 

was a Read-Only-Memory. As we see in the description in Figure 5.5 we just read 

the ROM as long as the external input is 1 which is given when there is a valid 

address in ADBUS . 

AHPLMODULE: ReadOnlyMemory. 
MEMORY : ROM<16>[4]; ADDREG[4]. 
EXINPUTS: read. 
EXBUSES : ABUS[4]; DBUS[4], 
CLUNITS : BUSFN[4] <: Busfunc {16;4}. 
CLUNITS : DCD[16] <: Decoder (4). 
CLUNITS : INC[4] clncr {4}. 

1 ADDREG * read <= ABUS; 
=>(A read)/(l). 

2 DBUS = BUSFN(ROM; DCD(ADDREG)); 
ADDREG <= INC(ADDREG); 
=>( WADDREG), &/ADDREG )/(2,l). 

ENDSEQUENCE 
CONTROLRESET( 1). 

END. 

Figure 5.5 AHPL description ReadOnly Memory 
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Using this module description we analyzed three different options: 

- using only standard functions (case la), 

- using only user described units (case lc), and 

- using invocation of user described units from the module and then invoking 

standard units from inside the CLU descriptions (case lb). 

In Figure 5.6 we have the CLUNIT descriptions for cases lc and lb. 

CLU: Busfunc(MM; AA) {r;c). 
INPUTS : MM<r>[c]; AA[r], 
OUTPUTS: BUSOUT[c]. 
CTERMS : CC<r>[c]. 
BODY 
CC<0>[0:c-l] = MM<0>[0:c-l] & AA[0]; 

CLU: Busfunc(MM; AA) (r;c). 
INPUTS : MM<r>[c]; AA[r]. 
OUTPUTS: BUSOUT[c]. 
CLUNTTS: BUSFN[C]. 

CLU: Busfunc(MM; AA) {r;c). 
INPUTS : MM<r>[c]; AA[r], 
OUTPUTS: BUSOUT[c]. 
CTERMS : CC<r>[c]. 
BODY 
CC<0>[0:c-l] = MM<0>[0:c-l] & AA[0]; 

CTERMS : CC<r>[c]. 
BODY 

BUSOUT = BUSFN(MM;AA). 
END. 

FOR n = 1 TO r-1 CONSTRUCT 
CC<n>[0:c-l] = (MM<n>[0:c-l] & AA[n]) + 

CTERMS : CC<r>[c]. 
BODY 

BUSOUT = BUSFN(MM;AA). 
END. 

CC<n-l>[0:c-l] 

CTERMS : CC<r>[c]. 
BODY 

BUSOUT = BUSFN(MM;AA). 
END. 

ROF; 
BUSOUT = CC<r-l>[0:c-l]. 

END. 

CLU: Decoder(IN) [i}. 
INPUTS : IN[i]. 

ROF; 
BUSOUT = CC<r-l>[0:c-l]. 

END. 
OUTPUTS: OUT[2Ai], 

CLU: Decoder(IN) {i). 
CLUNTTS: DCD[2*I], 
BODY 

OUT = DCD(IN). 
END. 

INPUTS : IN[i]. 
OUTPUTS: OUT[2Ai]. 
BODY 

CLUNTTS: DCD[2*I], 
BODY 

OUT = DCD(IN). 
END. 

FOR m = 0 TO 2Ai-l CONSTRUCT 
CLU: Incr(X) {i}. 
INPUTS : X[i]. 

OUT[m] = &/TERM(m;IN) 
ROF. 

END. 

CLU: Incr(X) {i}. 
INPUTS : X[i]. 

OUT[m] = &/TERM(m;IN) 
ROF. 

END. 
OUTPUTS: Y[i], 

OUT[m] = &/TERM(m;IN) 
ROF. 

END. 
CLUNTTS: INC[i]. 

CLU: Incr(X) (i). 
INPUTS : X[i]. 

BODY 
Y[i] = INC(X). 

END. 
OUTPUTS: Y[i], 

BODY 
Y[i] = INC(X). 

END. 

BODY 
Y[i-l] = AX[i-l]; 
FOR j = 1-2 TO 0 CONSTRUCT 

YD] = X[j]@(&/X|j+l:i-l]) 
ROF. 

END. 

Figure 5.6 CLUNIT descriptions for cases lc and lb. 

The three cases were run with the following communication file: 
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OPTION 6. 
CLOCKLIMIT 20. 
EXLINES read = 1; 
ABUS = '0,'A. 
INITIALIZE ROM<Cl:15> <= 'F! •1! 2! '3! '4!'5! '6! '7! 

•7! •6! '5!'4! '3!'2! •1! •F. 
OUTPUTS read; ABUS; DBUS. 
DUMP RQM<0:15>. 

Figure 5.7 Communication file for case 1 (a,b and c) 

The module description was tested using the three sub-cases a, b and c. 

The result of the simulation times are given in Table 5.2 of section S.2.4.. 

5.2.2 Increment description. 

The second case that was tested for analysis purposes was a description of 

a module that uses one CLUNIT. As in the first case there are three sub-cases: 

using the standard function (a), invocation of standard functions from the CLUNIT 

(b), and user described CLUNIT (c). 

The module description is shown in Figure 5.8. The module calls the unit 

INC to increment the register REG which receives the input vector X. 

AHPIMDDULE: Testinc. 
EXINPUTS: X[16];y. 
MEMORY: REG[16]. 
OUTPUTS: Z[16]. 
CLUNITS: INC[16] <: Increm {16}. 

1 REG <= X; 
=>ry)/(D.  

2 REG <= INC(REG); 
=>(&/REG,"(&/REG))/(1,2). 

ENDSEQUENCE 
CONTROLRESET(1); 
Z=REG. 

END. 

Figure 5.8 Description for case 2 (Incrementer) 

The communication file used to test case 2 (a,b and c) is shown in 
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Figure 5.9. In order to make a better analysis, the simulation runs until the 

clocklimit is reached (as in case 1 the clocklimit is 20). 

OPTION 6. 
CLOCKLIMIT 20. 
EXLINES X= 'FFFD#3,'0000; 

Y= 0,1. 
OUTPUTS X; Y; BEG; Z. 

Figure S.9 Communication file for case 2 

The CLUNIT used to increment is shown in Figure 5.10. Notice that this is 

the same description used to implement the CLUNIT Incr used in case lc (see 

Figure 5.6). 

CLU: Increm(OP) {i>. 
INPUTS : OP[i]. 
OUTPUTS : L[i]. 
BODY 

L[i-1] = "OP[i-1] t 
FOR j = 1-2 TO 0 CONSTRUCT 
L[j] = OP[j] @ (&/OP[j+l:i-l]) 

ROF. 
END. 

Figure 5.10 CLUNIT description Increm 

5.2.3 Adder-subtracter description. 

Our last case is a description of a module that does two operations using 

CLUNITs. It calls a CLUNIT to add and it calls another to subtract. Our example 

uses two registers which are initialized in the description, they do not receive 

the values from a communication section as in the other cases. As we see in 

Figure 5.11 the module executes the addition as long as a condition is met. 

Otherwise it executes a subtraction. 

As in the previous two cases, our third example (case 3) has three 
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AHPLMODULE:ADDSUB. 
MEMORY:AC[32];C[32];L. 
OUTPUTS:Z[33]. 
CLUNITS:ADD[33] <: ADDER. 
CLUNITS:SUB[33] <: SUBTR. 

1 AC <= 16$65535,16565533; 
C <= 16$0,16$1. 

2 L, AC<=ADD (AC; C) ; 
=>r (&/ (AAC[28] ,AC[29], ~AC[30],AC[31]))) / (2) . 

3 L,AC <= SUB(AC;C); 
=>(3). 

ENDSEQUENCE 
CONTROLRESET(1); 
Z = L,AC. 

END. 

Figure 5.11 Module description for case 3 

sub-cases: using only standard functions (a), invoking standard functions from a 

CLUNIT description (b), and using user described units (c). This last sub-case 

will have a variation. Only the adder will be described, while the subtracter will 

be as in case 3b, i.e., the standard function will be invoked from the CLUNIT 

description 

The CLUNIT adder uses another CLUNIT called Fulladder, showing the 

nesting capabilities of AHPL CLUNITs (see Figure 5.12). This case will give us 

the opportunity to observe the overhead created when nesting CLUNITs as it will 

be analyzed in the next section. 

The communication section for case 3 was set to a clocklimit of 20 as in 

the previous two cases. The output for this example as well as for the other two 

cases is shown in Appendix C. 
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CLU: Adder(0P1; 0P2) {i}. 
INPUTS : OP1[i]; 0P2[i]. 
OUTPUTS: S[i+1]. 
CLUNITS: BITADDER[2] <: Fulladder. 
CTERMS : C[i+1]. 
BODY 

C[i]=\0\; 
FOR j=i-l TO 0 CONSTRUCT 

C[j], S[j+1] = BITADDER(C[j+1]; OPl[j]; OP2[j]) 
ROF; 
S[0]=C[0] . 

END. 

CLU: Fulladder(cc;bl;b2). 
INPUTS : cc;bl;b2. 
OUTPUTS: 00[2]. 
BODY 

00[l]=cc 0 bl 0 b2; 
00[0]=+/(cc&bl, bl&b2, b2&cc). 

END. 

Figure 5.12 CLUNITs Adder and Fulladder 

5.2.4 Runtime comparison and analysis. 

In this section the compiling and execution speeds of the three cases 

described previously in this chapter are shown and an analysis is followed. The 

cases were run in the VAX and in the Macintosh for comparison purposes. 

Table 5.1 shows the times (in seconds) for compiling, executing and total 

running time of our three test cases. These cases are, again, 

- ReadOnlyMemory (using 3 CLUNITs), 

- Incrementer (using only one CLUNIT), and 

- Adder-Subtracter (using two nested CLUNITs). 

We can observe in all three cases that, when standard functions are used, 

(sub-case a), the compiling, execution and total times are less than double the 

times for the VAX. 
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Test 
VAX 11/750 Macintosh Ilx 

Cases Compile Execute Total Compile Execute Total 

a 1.5 1.6 3.1 2 4 6 

1 b 3.2 4.8 8 7 14 21 

c 5 32.2 37.2 11 95 106 

a 1.2 1 2.2 2 2 4 

2 b 1.6 2.1 3.7 3 6 9 

c 2.1 12.3 14.4 4 36 40 

a 1.4 1.6 3 3 2 5 

3 b 2.6 3.4 6 5 8 13 

c 4.1 62.9 67 9 184 193 

Table 5.1 Speed comparison in seconds for test cases 

The part of the simulator HPSIM2_CL that executes standard functions is 

the same code as HPSIM2. HPSIM2 had already been ported to a microcomputer, 

specifically to the IBM AT [3]. From reference [3] we extracted the running times 

of four tests, as shown in Table S.2. The simulator was compiled using two 

FORTRAN compilers: Microsoft 

Test 1 Test 2 Test3 Test4 

Average VAX CPU time 4 4.5 27 411 

IBM Professional FORTRAN (AT) 31 39 172 2695 

Microsoft FORTRAN (IBM AT) 7 9 72 1279 

Table 5.2 Run comparison for HPSIM2 on IBM AT 

FORTRAN, and IBM Professional FORTRAN. We can observe the significant 
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difference in running time between the same simulator, compiled in two different 

products. Also we can see, comparing from Table 5.1, that HPSIM2 in the 

Macintosh (using standard functions) requires less execution time. Considering 

that the Macintosh IIx is a 32 -bit machine with a 1S.6 MHz clock frequency 

compared to the old 16-bit 7.8 MHz IBM AT we would expect a better showing by 

the Macintosh. We can conclude that the compiler optimization of the code is the 

reason for this; as we saw in Table 5.2 it makes a significant difference. 

From Table 5.1 we observe that the compilation time for sub-cases b 

(invoking standard functions from a CLUNIT) have the same ratio between VAX 

and Mac, but the execution times do not have the same ratio. Looking at the 

execution times of user described CLUNITs we see a big difference compared to 

the use of standard functions, in the VAX as well as in the Macintosh, but the 

execution ratio between VAX an Macintosh is almost three times. The code for 

simulating user described CLUNITs was added when HPSIM2 was upgraded to 

HPSIM2_CL. As before, we concluded that the optimization of the code is the 

cause for this performance. 

In cases 1 and 2 the compiling and execution times of user described 

CLUNITs (sub-cases c), are determined for the number and complexity of the 

combinational logic units, and they keep their respective ratios (when com

pared with the use of standard functions) in the VAX and in the Macintosh. We 

can say the same for case 3 but we should notice the overhead created for the 

nesting of CLUNITs. In the VAX the ratio of execution (against standard 

functions) for this particular example is almost 40, while in the Macintosh 

(considering the point discussed above about code optimization) is more than 
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double this figure. 

Finally we should point out once more, Table S.l demonstrates, the 

advantage of using standard functions in the design, since it takes a considerable 

length of time to simulate a unit description. 

5.3 Concluding remarks. 

This chapter has presented examples of AHPL descriptions that include 

user described combinational logic units. All the examples were run in the new 

simulator in the Macintosh. HPSIM2_CL in the Macintosh was tested not only with 

the examples given in this chapter. All the examples in reference [21] which were 

used to test the simulator in the VAX were also tested here successfully. 

It is convenient to emphasize the importance of doing a good design when 

designing CLUNITs. The simulation of these take considerable time and when a 

standard function is available is recommended to use it. 
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SUMMARY AND CONCLUSIONS 

The design automation system using AHPL as the hardware description 

language has been steadily growing and improved. HPSIM2 has been improved 

several times since its creation and has moved from mainframes to microcom

puters. HPSIM2 was improved in 1989 in a VAX-11 minicomputer to support user 

described combinational units. This paper presented the transition of HPSIM2_CL 

to the Macintosh family of microcomputers. 

The simulator has been compiled, run and tested in a Macintosh IIx. The 

testing has been analyzed in this paper, and a run comparison between VAX and 

Macintosh is also presented. 

The modifications done in the simulator when porting it have been 

explained. It is necessary to complement these discussions with HPSIM2 system's 

manual and with reference [21]. The documentation in the source code is also 

important to be used for more detail of the changes, if future modifications of the 

simulator are required. It is also recommended to use a structured language if 

new improvements of the simulator are done. One of the most difficult parts in 

following the HPSIM2_CL code was due to the intricate coding because of the 

unstructured language FORTRAN. Copies of the source code for HPSIM2_CL in the 

Macintosh can be obtained through Professor Fredrick Hill, Electrical and 

Computer Engineering, University of Arizona. 

As a final comment, it is necessary to emphasize the importance of 
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doing the best design possible when designing combinational logic units since 

the simulation of these takes considerable time. Also an effort should be made 

to use standard functions whenever possible. 

Finally, the goal of this paper has been accomplished as we have seen 

through the development of the chapters. 



Appendix A 

Token list for the AHPL simulator HPSIM2_CL 
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Token Symbol Token Number Sub-Token 

Letter A-Z or a-z 1 0 
Digit 0-9 2 0 
ERROR TOKEN other symbols 3 0 
Back slash \ 4 0 
And & 5 0 
Or (Plus sign) + 6 0 
Left angular bracket < 7 0 
Equal = 8 0 
Colon ; 9 0 
Right angular bracket > 10 0 
Slash (Division sign) / 11 0 
Condition (Multip. sign) * 12 0 
Exclusive or @ 13 0 
Encode $ 14 0 
Left parenthesis ( 15 0 
Right parenthesis ) 16 0 
Left square bracket t 17 0 
Right square bracket ] 18 0 
Column catenation 19 0 
Row catenation I 20 0 
Separator ; 21 0 
Terminator 22 0 
Complement (Expnt. sign) A 23 0 
Comment delimiter 

n 
24 0 

And reduction &/ 25 0 
Or reduction +/ 26 0 
Transfer <= 27 0 
Branch =?> 28 0 
Double colon 29 0 
Program delimiter - 30 0 
Blank character 31 0 
NOT USED 32 0 
NOT USED 33 0 
NOT USED 34 0 
Integer all numbers 35 numeric value 
Step number all numbers 36 numeric value 
Identifier alphanumerics 37 symbol name 
Module declaration AHPLMODULE 38 AHPLMODULE 
Memory element MEMORY 39 MEMORY 
Input lines INPUTS 40 INPUTS 
Output lines OUTPUTS 41 OUTPUTS 
Bi-directional lines BUSES 42 BUSES 
Labels LABELS 43 LABELS 
One-shots ONESHOTS 44 ONESHOTS 
External Input lines EXINPUTS 45 EXINPUTS 
Incrementer INC 46 INC 

Adder ADD 47 ADD 
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Token Symbol Token Number Sub-Token 

Decoder DCD 48 DCD 
Complement NT 49 NT 
Control reset CONTROLRESET 50 CONTROLRESET 
Dead end step DEADEND 51 DEADEND 
No delay NODELAY 52 NODELAY 
End of sequence ENDSEQUENCE 53 ENDSEQUENCE 
End of module or unit END 54 END 
Null step NULL 55 NULL 
Decrementer INC 56 INC 
Combinational logic unit CLUNTTS 57 CLUNITS 
Bus function BUSFN 58 BUSFN 
External bi-direct. lines EXBUSES 59 EXBUSES 
Associative logic ADD 60 ADD 
Comparator ADD 61 ADD 
Priority function INC 62 INC 
Clock limit CLOCKLIMIT 63 CLOCKLIMIT 
External lines EXLINES 64 EXLINES 
Supress SUPPRESS 65 SUPPRESS 
Initialize INITIALIZE 66 INITIALIZE 
All ALL 67 ALL 
Repeat REPEAT 68 REPEAT 
Option OPTION 69 OPTION 
Dump DUMB 70 DUMB 
Subtract SUB 71 SUB 
Clunit declaration CLU 72 CLU 
Clunit terms CTERMS 73 CTERMS 
Clunit body begins BODY 74 BODY 
If statement IF 75 IF 
Then THEN 76 THEN 
Else ELSE 77 ELSE 
Fi FI 78 FI 
For statement FOR 79 FOR 
To TO 80 TO 
Step STEP 81 STEP 
Construct CONSTRUCT 82 CONSTRUCT 
Rof ROF 83 ROF 
Not equal to o 84 0 
User defined declaration <: 85 0 
Greater or equal >= 86 0 
Less or equal =< 87 0 
Don't care value ? 88 0 
No actual parameter ?? 89 0 
Left curly bracket { 90 0 
Right curly bracket } 91 0 
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List of HPSIM2_CL subroutines 
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01 "MAIN ROUTINE" (CALLER) 
02 FINDSY 
03 LOCATE 
04 RECEIV 
05 RELEAS 
06 ALLOC 
07 PUTBIT 
08 ENDER 

PASS 1 SUBROUTINES PASS 2 SUBROUTINES 
(Added for HPSIM2_CL) (Added for HPSIM2_CL) 

09 MPARS 45 CLUSEM 57 EXBC 95 E41T41 
10 PAERR 46 ENTERCLU 58 DELETE 96 CE32T34 
11 PUSH 47 CLUPARS 59 EXTBL 97 CE35T35 
12 POP 48 IFFORTAB 60 ONLY 98 CE73T73 
13 TSP 49 CLUERR 61 OSB 99 CE74T74 
14 SCANNER 50 C01T07 62 INTRAN 100 CE81T82 
15 HEXAD 51 C08T16 63 NESR 101 SETBOUND 
16 KEYFIX 52 C19T26 64 QLINER 102 GETVAL 
17 SYMTBL 53 C38T41 65 ORDER 103 CLUEXE 
18 KEYWOR 54 C42T48 66 ORTB1 104 CLUINIT 
19 SYPARS 55 C49T54 67 ORTB2 105 CE43A45 
20 SYMANG 56 C55T75 68 OSE 106 CE57A59 
21 FILSRT 69 NSTNEW 107 CE616569 
22 SEMANT 70 NSTRST 108 CE636771 
23 LHS 71 NOTRAN 109 CE120T120 
24 P15T17 72 OUTPUT 110 CE101T102 
25 P19T20 73 EXECUT 111 EXESTPRI 
26 P23T23 74 E09T09 
27 P25T30 75 E15T17 
28 P31T34 76 E19T20 
29 P35T36 77 E25T27 
30 P37T40 78 E28T28 
31 P42T42 79 E29T29 
32 P46T48 80 E30T40 
33 ENTER 81 E31T32 
34 CSTTR 82 E33T34 
35 GQMSBC 83 E37T37 
36 COMSEM 84 E38T39 
37 F02T03 85 E52T52 
38 F04T28 86 E53T54 
39 F29T43 87 E55T56 
40 F44T46 88 E57T57 
41 F47T61 89 E58T58 
42 OCTAL 90 RSHIFT 
43 COMERR 91 PUTVEC 
44 TRANS 92 

93 
94 

GETVEC 
DUMP 
GETBIT 
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Listings of HPSIM2_CL outputs of the examples in section 5.2 
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Listing of output for case 1 (c) 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 1: 

1 AHPLMODULE: ReadOnlyMemory. 
2 MEMORY : R0M<16>[4]; ADDREG[4]. 
3 EXINPUTS : read. 
4 EXBUSES : ABUS[ 4 ]; DBUS[4]. 
5 CLUNITS : BUSFN[4] <: Busfunc {16;4}. 
6 CLUNITS : DCD[16] <: Decoder {4}. 
7 CLUNITS : INC[4] <: Incr {4}. 
8 
9 1 ADDREG * read <= ABUS; 

10 =>(A read)/(1). 
11 
12 2 DBUS = BUSFN(ROM; DCD(ADDREG)); 
13 ADDREG <= INC(ADDREG); 
14 =>( A(&/ADDREG), &/ADDREG )/(2,l). 
15 
16 ENDSEQUENCE 
17 CONTROLRESET(1). 
18 END. 
19 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 2: 

20 CLU: Busfunc(MM; AA) {r;c}. 
21 INPUTS : MM<r>[c]; AA[r]. 
22 OUTPUTS : BUSOUT[c]. 
23 CTERMS : CC<r>[c]. 
24 BODY 
25 CC<0>[0:c-l] = MM<0>[0:c-l] &AA[0]; 
26 FOR n = 1 TO r-1 CONSTRUCT 
27 CC<n>[0:c-l] = (MM<n>[0:c-1] & AA[n]) + CC<nl>tO:c-l] 
28 ROF; 
29 BUSOUT = CC<r-l>[0:c-1]. 
30 END. 
31 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 3: 

32 CLU: Decoder(IN) {i}. 
33 INPUTS : IN[i]. 
34 OUTPUTS : OUT[2~i]. 
35 BODY 
36 FOR m = 0 TO 2"i-l CONSTRUCT 
37 OUT[m] = &/TERM(m;IN) 
38 ROF. 
39 END. 
40 
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AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 4: 

41 CLU: Incr(X) {i}. 
42 INPUTS : X[i]. 
43 OUTPUTS : Y[i], 
44 BODY 
45 Y[i-1] = ^X[i-1]; 
46 FOR j = 1-2 TO 0 CONSTRUCT 
47 Y[j] = X[j] @ (&/X[j+l:i-l]) 
48 ROF. 
49 END. 

HPSIM COMMUNICATION SECTION FOR THE ABOVE MODULES 

50 OPTION 6. 
51 CLOCKLIMIT 20. 
52 EXLINES read = 1; 
53 ABUS = '0,'A. 
54 INITIALIZE ROM<0:15> <= 'F! •1! •2! •3! •4! '5! •6! '7! 
55 '7! '6! •5! •4! '3! '2! •1! 'F. 
56 OUTPUTS read; ABUS; DBUS , 
57 DUMP RQM<0:15>. 

::::: EXECUTION WILL STOP AFTER 20 CLOCK PULSES ::: 
AHPL FUNCTION LEVEL SIMULATOR OUTPUT IS LISTED BELOW: 

READ 
I ABUS 
I | DBUS 

C L O C K  #  I I I  
1 1 0 0 
2 1 A F 
3 1 A 1 
4 1 A 2 
5 1 A 3 
6 1 A 4 
7 1 A 5 
8 1 A 6 
9 1 A 7 
10 1 A 7 
11 1 A 6 
12 1 A 5 
13 1 A 4 
14 1 A 3 
15 1 A 2 
16 1 A 1 
17 1 A F 
18 1 A 0 
19 1 A 5 
20 1 A 4 

PROGRAM REACHED THE CLOCKLIMIT. INTERPRETER STOPS 
HPSIM OUTPUT, DUMP OF MEMORIES AND REGISTERS: 

ROM < 0: 15> F12345677654321F 



Listing of output for case 2 (c) 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 1: 

1 AHPLMODULE: Testinc. 
2 EXINPUTS: X[16];y. 
3 MEMORY: REG[16]. 
4 OUTPUTS: Z[16]. 
5 CLUNITS: INC[16] <: Increm {16}. 
6 
7 1 REG <= X; 
8 =>ry)/(l). 
9 2 REG <= INC(REG); 
10 =>(&/REG,A(&/REG))/(1,2). 
11 
12 ENDSEQUENCE 
13 CONTROLRESET(1); 
14 Z=REG. 
15 END. 
16 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 2: 

17 CLU: Increm(OP) {i}. 
18 INPUTS: OP[i]. 
19 OUTPUTS: TERMOUT[1]. 
20 CTERMS: TA[i]. 
21 BODY 
22 TA[i-l] = \1\; 
23 FOR j=i-2 TO 0 CONSTRUCT 
24 TA[j] = OP[j+l]&TA[j+l]; 
25 TERMOUT[j]= OP[j]@TA[j] 
26 ROF; 
27 TERMOUT[i-l]=OP[i-1]@TA[i-l]. 
28 END. 

HPSIM COMMUNICATION SECTION FOR THE ABOVE MODULES 

29 OPTION 6. 
30 CLOCKLIMIT 20. 
31 EXLINES X= 'FFFD#3,'0000; 
32 Y= 0,1. 
33 OUTPUTS X; Y; REG; Z. 



:::: EXECUTION WILL STOP AFTER 20 CLOCK PULSES :::: 
AHPL FUNCTION LEVEL SIMULATOR OUTPUT IS LISTED BELOW: 

CLOCK # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Y 
1 REG 
1 
| 

1 Z 
1 
0 

| 

0000 

| 

0000 
1 FFFD FFFD 
1 FFFD FFFD 
1 FFFE FFFE 
1 FFFF FFFF 
1 0000 0000 
1 0000 0000 
1 0001 0001 
1 0002 0002 
1 0003 0003 
1 0004 0004 
1 0005 0005 
1 0006 0006 
1 0007 0007 
1 0008 0008 
1 0009 0009 
1 OOOA OOOA 
1 000B OOOB 
1 oooc OOOC 
1 000D 000D 

X 
I 
I 
I 
I 
FFFD 
FFFD 
FFFD 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

PROGRAM REACHED THE CLOCKLIMIT. INTERPRETER STOPS 



Listing of output for case 3 (c) 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 1: 

6 8  

2 AHPLMODULE:LKAHDTST. 
3 MEMORY:AC[32];C[32];CARRY;L. 
4 OUTPUTS:Z[33]. 
5 CLUNITS:ADD[33] <: ADDER {32}. 
6 CLUNITS:SUB[33] <: SUBTR. 
7 
8 1 AC <= 16$65535,16$65533; 
9 C <= 16$0,16$1. 
10 
11 2 L,AC<=ADD(AC;C); 
12 =>(A(&/(*AC[28],AC[29],^AC[30],AC[31])))/ (2). 
13 
14 3 L, AC <= SUB (AC; C); 
15 =>(3). 
16 
17 ENDSEQUENCE 
18 CONTROLRESET(1); 
19 Z = L,AC. 
20 END. 
21 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 2: 

22 CLU: Adder(OP1; OP2) {i}. 
23 INPUTS : OP1[i]; OP2[i]. 
24 OUTPUTS: S[i+1]. 
25 CLUNITS: BITADDER[2] <: Fulladder. 
26 CTERMS : C[i+1]. 
27 BODY 
28 C[i]=\0\; 
29 FOR j=i-l TO 0 CONSTRUCT 
30 C[j], S[j+1] = BITADDER(C[j+1]; OPl[j]; OP2[j]) 
31 ROF; 
32 S[0]=C[0] . 
33 END. 
34 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 3: 

35 CLU: Fulladder(cc;bl;b2). 
36 INPUTS : cc;bl;b2. 
37 OUTPUTS: 00[2]. 
38 BODY 
39 00[l]=cc 0 bl 0 b2; 
40 00[0]=+/(cc&bl, bl&b2, b2&cc). 
41 END. 
42 



AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 4: 

43 CLU: SUBTR(X;Y). 
44 INPUTS: X[32];Y[32] 
45 OUTPUTS: OUT[33]. 
46 CLUNITS: SUB[33]. 
47 BODY 
48 OUT = SUB(X;Y). 
49 END. 

HPSIM COMMUNICATION SECTION FOR THE ABOVE MODULES 

50 OPTION 6. 
51 CLOCKLIMIT 20. 
52 OUTPUTS AC;C;L;AC;Z. 
53 
54 
55 

::::: EXECUTION WILL STOP AFTER 20 CLOCK PULSES ::: 
AHPL FUNCTION LEVEL SIMULATOR OUTPUT IS LISTED BELOW: 

AC 
I 
1 

C 
1 L 

# 

1 
1 
1 

1 
1 
1 

1 
1 
1 

AC 
1 
1 

Z 
1 

1 00000000 00000000 0 00000000 000000000 
2 FFFFFFFD 00000001 0 FFFFFFFD 0FFFFFFFD 
3 FFFFFFFE 00000001 0 FFFFFFFE OFFFFFFFE 
4 FFFFFFFF 00000001 0 FFFFFFFF 0FFFFFFFF 
5 00000000 00000001 1 00000000 100000000 
6 00000001 00000001 0 00000001 000000001 
7 00000002 00000001 0 00000002 000000002 
8 00000003 00000001 0 00000003 000000003 
9 00000004 00000001 0 00000004 000000004 

10 00000005 00000001 0 00000005 000000005 
11 00000006 00000001 0 00000006 000000006 
12 00000005 00000001 0 00000005 000000005 
13 00000004 00000001 0 00000004 000000004 
14 00000003 00000001 0 00000003 000000003 
15 00000002 00000001 0 00000002 000000002 
16 00000001 00000001 0 00000001 000000001 
17 00000000 00000001 0 00000000 000000000 
18 FFFFFFFF 00000001 1 FFFFFFFF 1FFFFFFFF 
19 FFFFFFFE 00000001 0 FFFFFFFE OFFFFFFFE 
20 FFFFFFFD 00000001 0 FFFFFFFD 0FFFFFFFD 

PROGRAM REACHED THE CLOCKLIMIT. INTERPRETER STOPS 
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