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ABSTRACT 

The use of Computer Hardware Description Languages plays an impor

tant role in the design automation process of digital systems. These languages 

help hardware engineers to provide a precise description of the internal 

structure of a system, and one of the most significant uses of these languages 

is as a means of input to a system simulator. 

AHPL is a hardware description language that describes a digital system 

as a set of modules and units. This language is supported by a function-level 

simulator (HPSIM2), but the simulator only provides support to the module de

scriptions of a system. 

This paper presents an improved version of the simulator that supports 

the use of unit descriptions called Combinational Logic Units or CLUNITs. The 

syntax and structure of a CLUNIT is analyzed, the operation and data structure 

of the simulator is given; and several examples are given to support these dis

cussions. 
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INTRODUCTION 

The use of Computer Hardware Description Languages (CHDL) has spread 

widely among Digital System Engineers. With their use, the hardware designer 

has a way to describe the internal components of a digital system such as the 

functional modules, the sequential control, and all the logic and interconnec

tion of the elements that form the system. 

Computer Hardware Description Languages offer a way of communica

tion between engineers by providing a precise yet concise description of a 

digital system [3,15]. They also serve as a convenient supporting documenta

tion for support of the English description of the system. 

One of the most significant uses of these languages is as a means of in

put to a system simulator as described in Figure 1.1. 

Redesign 

Design Specification 
and Requirements 

Physical Construction 
Specifications 

Design Description 
using a CHDL 

Test 
Generation 

System /Logic 
Simulation 

Figure 1.1 Design Automation Process. 
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Most Computer Hardware Description Languages are supported by sys

tem simulators (or Interpreters) that are used to verify the design description 

of a digital system. Figure 1.1 shows the steps followed in a Design Automation 

Process of a digital system from its design specifications to the final physical 

construction. From the figure, we can see that after obtaining a description of 

a system using a hardware language, this description is input to the system 

simulator to verify its proper operation. If the design description generates a 

wrong output, the original description has to be redesigned and inputted again 

into the simulator. This process will be repeated until the simulation gives an 

expected output which means that the design is correct. 

Once the design is known to be correct, it is input to a Hardware Com

piler in order to generate a physical layout of the specifications of the system 

for further construction. The design can also be input to a Test Generator used 

to model faults. so that procedures to test the device, once constructed, can be 

selected and verified. 

AHPL (A Hardware Programming Language) is a very complete Com

puter Hardware Description Language based on APL (A Programming Lan

guage), and it was first introduced by F. J. Hill and G. R. Peterson in 1971 [4,6,9]. 

This language has gained some popularity among hardware engineers due to 

the features it offers. It is strongly supported with a Design Automation System 

such as the one described in Figure 1.1, it is a very flexible language that can 

be used in the design of a wide variety of digital hardware systems, and it 

serves as a teaching tool in digital hardware courses since it gives the de

signer the ability to picture clearly the hardware that will eventually result 

from the design [6,10,11,12,13,14]. 
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This paper will not describe all the features of AHPL and the interested 

reader is referred to the book listed as reference 6 for a complete description 

of the language. A brief overview of only those features related to this paper 

will be given for those readers that does not have any previous experience in 

AHPL. 

AHPL is a hardware description language based in the assumption that 

most digital systems can be partitioned into a Control Section and a Data Sec

tion. The Control Section will be in charge of generating all the control sig

nals needed to execute an operation on the Data Section, and the Data Section 

will contain all the registers, logic, and interconnections of the system. This is 

shown in Figure 1.2. 

Data Data Registers Data 
Input and Logic Output 

I 
Control 

k i 1 
Branching 

Signals 
1 ' 1 

Information 

Control Control Sequential ^ Control 
Inputs ^ Circuit ^ Outputs 

Figure 1.2 Data/Control Partition. 

Since AHPL was first introduced, it has been improved thus producing 

better versions of the language. 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 

[6,8]. Any description written in AHPL III can be translated to a larger repre

sentation of the system using AHPL II. Another version of this language called 
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Universal AHPL incorporates all the features of AHPL II but with the addition 

of asynchronous data transfers, global branches/resets, and multiple clocks 

til]-

AHPL II is a very complete language and it is strong enough to be used 

as a designing tool. Its effectiveness comes into question only when designing 

large systems containing numerous repetitions of the same structure (on 

which case the syntax of AHPL III is better suited), or when designing systems 

with the added features presented on the Universal AHPL. 

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

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

tion as described in Figure 1.2, 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 (CLUNIT's) in the language. Modules can not be included in other mod

ules. That is, they have to be declared separately. Units work very much like a 

function written in FORTRAN: They can be called within any module or an

other unit but not recursively. 

A function-level simulator (HPSIM2) and a hardware compiler (HPCOM) 

have been developed to support AHPL II. A modular implementation of a Digital 

Hardware Design Automation System has been developed also to support the 

Universal AHPL [11,14]. HPSIM2 supports all the features of the AHPL II ver

sion of the language except for the implementation of Combinational Logic 

Units. This simulator uses a small set of standard functions representing the 

most common combinational units used in a variety of digital systems. 
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In this thesis an upgraded version of HPSIM2 called HPSIM2_CL is pre

sented. This new version of the simulator will give the designer the ability to 

choose between using standard functions or declaring his or her own func

tions. That is, HPSIM2_CL will give the designer the ability to describe a new 

unit when it is not available with the simulator. 

The advantage of using standard functions in the simulator is that a de

scription using standard functions will take less time to simulate than the one 

using user defined functions. This time will vary according to the complexity 

of the unit and the correctness of the design. An example of this will be shown 

in Chapter 4. 

By letting the designer to describe his or her own units, a complete de

scription of the system can be obtained. That is, the use of standard functions 

in the description of a system will generate "black boxes" in the hardware re

alization, but this is avoided when using user defined functions. 

The original version of HPSIM2 was written using the FORTRAN lan

guage. For this reason, the same language was used during the process of up

grading the simulator. 

This paper is organized in five chapters. Chapter 2 describes how to use 

the simulator with user defined functions and can serve as a complement to 

the user's manual of reference 14. Chapter 3 describes all the necessary 

changes made in the simulator in order to simulate user defined functions. 

This chapter represents the bulk of this paper. Chapter 4 includes a set of ex

amples which are used to test the simulator. Chapter 5 contains a few con

cluding remarks summarizing the contents of this paper, and it also contains a 

few suggestions for further expansions of the simulator. 
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USING HPSIM2_CL 

This chapter will give a complete description on the use of the simulator 

for user defined Combinational Logic Units. First, a brief explanation of the 

structure of the input files and the simulator is given. Then, all the syntax 

modifications of the AHPL language of reference 6 for combinational logic 

units declarations is explained. This changes are needed to create an unam

biguous language that can be understood by the simulator. 

2.1 Structure of the Simulator. 

Figure 2.1 shows a top level modular view of HPSIM (HPSIM, HPSIM2, 

and HPSIM2_CL will be used indistinctly through the rest of this paper). From 

the figure we can see that the simulator requires two input files: One is called 

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

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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and the other is called the communication file, which contains all the initial

ization values, external input values, ans some other information meaningful 

to the simulator. 

HPSIM is a function-level simulator whose output is a clock-period-by-

clock-period representation of the values of the symbols that form the system 

description using AHPL. Figure 2.1 shows HPSIM consisting of two passes. Pass 

1 reads the input files, checks for syntax and semantic errors, and generates 

an internal representation of the language that is used in Pass 2. If any error 

is found in Pass 1, the simulator will send the proper messages to the output 

file and 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 de

scription. Pass 2 will send to the output file all the information selected by the 

user in the communication file. If an error is found during execution, a mes

sage will be sent to the output file and the simulation will stop. 

2.2 Structure of the AHPL description file. 

Figure 2.2 shows the organization of an AHPL description file. 

Module #1 

Module #2 

Module #n 

Clunit #1 

Clunit #2 

Clunit #n 

Figure 2.2 AHPL description file organization. 
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Notice that in Figure 2.2 all module declarations come before the unit 

declarations. HPSIM2_CL is constructed in such a way that it allows the decla

ration of units between module declarations, but in order to keep compatibility 

with the other supporting software, the user is restricted to the file organiza

tion shown in Figure 2.2. 

Preparation of the communication and description files is given in the 

HPSIM user's manual [14]. The manual describes the syntax conventions for 

modules and units, so they can be interpreted by the simulator. User described 

units are ignored by the previous version of the simulator; for that reason, a 

more complete description of the syntax for combinational logic units that 

can be interpreted by HPSIM2_CL is given here. 

2.3 Using CLUNITS in an AHPL Module. 

AHPL requires that any symbol used in the control sequence of a mod

ule, or in the body of a unit, must be declared [6]. A module can have eight dif

ferent types of symbols, one of which is a combinational logic unit type, and 

the declared symbols can have only two dimensions (row and column). 

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

and they are still available in HPSIM2_CL. Notice that the Addition function 

takes three input elements, but the scalar value (c for carry) can be omitted 

representing a zero value. Table 2.1 is self explanatory and it is also explained 

in HPSIM user's manual. 

Declaration of combinational logic units in HPSIM using the above set of 

standard functions is as follows: 

CLUNITS: FUNCTION_NAME [DIMENSION] (ARGUMENT_LIST). (2.1) 

CLUNITS in expression 2.1 is a keyword used to declare FUNCTION_NAME as a 

combinational logic unit, and it must be followed by a colon. FUNCTION_NAME 

is any of the functions given in Table 2.1. FUNCTION_NAME can be followed by 

a number or a letter in order to identify different functions of the same 

structure, e. g. INC1, INC2, DCDA, DCDB. DIMENSION represents the size of the 

the output of the function, and it must be declared between square brackets 

(notice that CLUNITS only have column dimensions). The ARGUMENT_LIST 

must be between parenthesis and it is used to identify the input arguments of 

the function. This part is optional since it is ignored by the simulator. HPSIM 

requires that each declaration must be ended with a period. 

More than one unit can be declared in the same declaration statement 

separated with semicolons, e. g.: 

CLUNITS: INC1[5](X); INC2[6](Y); DCD[1024](Z). (2.2) 

Expression 2.2 is a statement declaring three different units: INC1 and 

INC2 are two incrementers with outputs of 5 and 6 lines respectively, and DCD 
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is a decoder with an output of 1024 lines. 

User defined functions require a different syntax to be declared: 

CLUNITS: FUNCTION_NAME [DIMENSION] (ARGUMENT.LIST) 
<: UNIT_NAME {PARAMETER_LIST}. (2.3) 

Expression 2.3 has a new symbol added to the simulator (<:). This symbol 

is used to identify FUNCTION_NAME as a user declared function. The left hand 

side of remains the same as in expression 2.1, but FUNCTION_NAME is re

lated to UNIT_NAME instead of any of the functions of Table 2.1. UNIT_NAME is 

the name of the unit as it is declared when describing its body. 

PARAMETER_LIST is a list of integer arguments that will be used in the 

body of UNIT_NAME. They must be enclosed between curly brackets, and each 

argument must be separated with semicolons. The designer must be familiar 

with the description of UNIT_NAME in order to know the relationship between 

PARAMETER_LIST and the use of these arguments in the body of UNIT_NAME. 

Each argument in PARAMETER_LIST must be separated by semicolons. 

Also, the designer has to know the description of UNIT_NAME since the 

output size of the unit must be equal to the size of DIMENSION. 

Using the syntax given in expression 2.3, expression 2.2 changes to: 

CLUNITS: INC1[5] <: INCRMT {5}. (2.4) 
CLUNITS: INC2[6]<: INCRMT {6}. (2.5) 
CLUNITS: DCD[ 1024] <: DECODER {10}. (2.6) 

Expressions 2.4 and 2.5 represent two incrementers of size 5 and 6 re

spectively. Both incrementers use the same unit description INCRMT, but each 

will represent a different incrementer when they are physically imple

mented. DCD uses a unit description called DECODER which must have an output 
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size of 1024. Notice that the output size of INCRMT is not fixed since we have 

two different incrementers. Also notice that ARGUMENTJLIST from expressions 

2.2 and 2.3 has been omitted here since it is ignored by the simulator. 

The syntax given in expression 2.3 requires that every function must 

be declared in a separate statement (as described in expressions 2.4, 2.5, and 

2.6). That is, declarations such as the one shown in expression 2.7 are not per

mitted. 

CLUNITS: INC1[5] <: INCRMT {5}; INC2[6] <: INCRMT {6}. (2.7) 

More than one instance of both the 5-bit and 6-bit incrementers may be 

created by merely invoking them in the control sequence of a module (or in 

the body of a unit). That is, if a 5-bit incrementer is needed to increment two 

different 5-bit symbols, INC1 of expression 2.4 can be used for example. 

If two different implementations of the same unit is required, the syn

tax of expression 2.8 can be used. 

CLUNITS: INCA[5]; INCB[5] <: INCRMT {5}. (2.8) 

Expression 2.8 shows two 5-bit incrementers whose invocations will 

generate two identical logic structures when they are physically implemented. 

Figure 2.3 shows an AHPL description of the machine tool controller 

given in example 5.6 of reference 6. This example is used to illustrate the syn

tax for combinational logic unit declarations in AHPL modules. The description 

of Figure 2.3 has been slightly changed from the one shown in Figure 5.21 of 

reference 6. This changes are the declaration of Combinational Logic Units in 

separate statements and the use of HPSIM symbols instead of AHPL symbols. 
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AHPLMODULE: Machine Tool Controller. 
MEMORY: ROM<1024>[18]; PR[18]; AR[10]; SQR[2]; ss. 
INPUTS: SEQ[2]; start; stop. 
OUTPUTS: OPR[18]. 
CLUNITS: BUSFN[18] <: BUSFN{18;1024). 
CLUNITS: DCD[1024] <: DECODER(IO). 
CLUNITS: INC[10] <: INCRMT{10}. 

1 SQR <= SEQ; 
=> (Ass,ss)/(1,2). 

2 AR <= SQR[0], SQR[1], 8$0. 
3 PR <= BUSFN(ROM; DCD(AR)). 
4 AR <= INC(AR); 

=> ((&/AR[2:9] & ss), Ass, A(&/AR[2:9] & ss))/(5,6,3). 
5 ss <= 0. 
6 PR <= 18$0; 

=>(1). 

ENDSEQUENCE 
CONTROLRESET(l); 

ss * (start + stop) <= (1!0) * (start, stop); 
OPR = PR. 

END. 

Figure 2.3 Machine tool controller. 

In Figure 2.3 we can see that the declaration of BUSFN, DCD and INC fol

low the syntax for user defined functions as it was described in expressions 2.3, 

2.4, 2.5, and 2.6. Notice also that upper case and lower case symbols are used in 

the description. HPSIM interprets all lower case symbols as upper case sym

bols. This means that ss and SS will refer to the same memory register in the 

description of Figure 2.3. The operation of the system is described in reference 

6 and it will not be given here. 

Invoking a function unit is very similar to a function call in a FORTRAN 

statement. This is illustrated by highlighting the function calls of the units in 

Figure 2.3. Notice that BUSFN is a two argument function unit, and it uses the 

output of the DCD function as one of its input arguments. 
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The syntax used in the simulator requires that the number of input ar

guments in the description of a unit (formal parameters) must be the same 

number of arguments when invoking that function unit (actual parameters). 

Arguments used in the invocation of the unit must be separated with semi

colons. The rest of the syntax used in a module description remains as de

scribed in references 6 and 14. 

2.4 CLUNIT descriptions in HPSIM2_CL. 

HPSIM requires that the maximum number of characters in a symbol 

must be twenty, from which only the first ten characters are considered. Each 

symbol must begin with a letter, and they can be made up with any combina

tion of numbers and letters only. Row dimensions are enclosed with angular 

brackets, and column dimensions are enclosed with square brackets. The AHPL 

language of reference 6 uses a set of operators that had to be adapted to their 

ASCII representation. This is shown in Table 2.2. 

DescriDtion AHPL Svmbol HPSIM Svmbols 
AND A & 
OR V +  
XQR © @ 
All bits AND A/ & /  
All bits OR v /  +  /  
ENCODE T $ 
Complement A 

Table 2.2 Logic Operators. 

The syntax for Combinational Logic Unit descriptions used in the simu

lator is consistent with the syntax given in reference 6 except for the restric

tion of declaring each Combinational Unit in a separate statement. 

The main blocks of a Combinational Logic Unit description is shown in 
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Figure 2.4. From the figure, we can see that a unit description is formed by 

three parts: a unit header, a declaration section, and a body section. Each of 

these parts will be explained in the following sections. 

CLU : UNIT.NAME ( ARGUMENT_LIST ) { PARAMETER_LIST ] . 
DECLARATION_SECTION 

BODY 
CONNECTION, ACTIVITY 

END . 

Figure 2.4 Syntax for combinational logic unit descriptions. 

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

plementation of unit descriptions. The new set of reserved words consists of 46 

words and it is given in Table 2.3. 

I 
AHPLMODULE 
EXINPUTS 
ENDSEQUENCE 

MEMORY 
NT 
NULL 

BUSES 
CONTROLRESET 
EXBUSES 

LABELS 
DEADEND 

ONESHOTS 
NODELAY 

II 
INPUTS 
ADD 
COMPARE 

OUTPUTS 
SUB 
PRI 

CLUNITS 
DCD 
END 

INC 
BUSFN 

DEC 
ASSOC 

I I I  
CLU 
ELSE 
CONSTRUCT 

CTERMS 
FI 
ROF 

BODY 
FOR 

IF 
TO 

THEN 
STEP 

IV 
CLOCKLIMIT 
REPEAT 

EXLINES 
OPTION 

SUPPRESS 
DUMP 

INITIALIZE ALL 

Table 2.3 Reserved words for HPSIM. 

Table 2.3 has been divided in four sections to illustrate the reserved 

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

served words used in an 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 
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a unit description, and section IV has the reserved words used in the communi

cation section file. 

2.4.1 CLUNIT header. 

The syntax for a combinational unit description has as a first statement 

the header of the unit. It is described in expression 2.9. 

CLU : UNIT_NAME ( ARGUMENT_LIST) { PARAMETER_LIST } . (2.9) 

The keyword CLU is the first part of the header and it represents the be

ginning of a combinational unit description. CLU must be followed by a colon. 

UNIT_NAME is the name of the unit, and this is the name to be used on the 

right hand side of when a function is declared as a user defined unit. 

ARGUMENT_LIST represents the list of input arguments (formal param

eters) that are used in the body of the unit. The arguments must follow the 

restrictions of HPSIM for symbol names, and they must be enclosed between 

parenthesis separated with semicolons. Each argument of the list must be de

clared as an INPUT type in the declaration section of the unit. At least one in

put argument must exist, and the size of the arguments used when the unit is 

invoked (actual parameters) must match the size of the input arguments given 

in ARGUMENT_LIST. 

PARAMETER_LIST represents a list of symbols that can have only inte

ger values. Each argument of this list generally is used in the declaration sec

tion and the body of the unit. The arguments must follow the restrictions for 

symbol names, and they must be separated with semicolons. PARAMETER_LIST 

must be enclosed between curly brackets, and it is optional (including the 

curly brackets) in units that do not require input of numeric values. 
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The unit header must be ended with a period. Some examples of unit 

headers are given in Figure 2.5. 

CLU: FULLADDER (opl; op2; c). 
CLU: DECODER (input). 
CLU: BUSFUNC (memory; address) {r; c). 
CLU: ENCRMT (x) (i). 

Figure 2.5 Unit header examples. 

2.4.2 CLUNIT declarations. 

Figure 2.4 described the main parts of a unit declaration. In this section 

the part that contains all the declarations of the unit, DECLARATION_SECTION, 

will be described. 

AHPL requires that each element used in the body of a unit has to be de

clared. A unit can have four types of arguments: INPUTS, OUTPUTS, CLUNITS, 

and CTERMS. Each element used in the unit must be of one of the above types, 

and they must be declared only once. Integer variables are not declared and 

they are used only as index variables. 

Unit descriptions can have two types of declarations: Unit declarations 

and symbol declarations. Unit declarations follow the same syntax given for 

declaration of units in an AHPL module. This syntax is repeated in expressions 

2.10 and 2.11 and their explanation will not be given here. The reader is re

ferred to section 2.3 of this paper for their explanation. Symbol declarations 

follow the syntax of expression 2.12. 

CLUNITS: FUNCTION_NAME [DIMENSION] (ARGUMENTLIST). (2.10) 

CLUNITS: FUNCTION.NAME [DIMENSION] (ARGUMENT.LIST) 
<: UNIT_NAME {PARAMETERJLIST}. (2.11) 

CLUNIT_TYPE : IDENTIFIERJLIST . (2.12) 
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CLUNITTYPE can be any of INPUTS, OUTPUTS, or CTERMS, and it must be 

followed by a colon. IDENTIFIER_LIST is a list of identifiers that can have row 

and column dimensions. Elements in this list must be separated with semi

colons, and each declaration must be ended with a period. 

All the input arguments declared in the header of a unit must be de

clared as INPUTS, and no other symbol can be declared with this type. A unit 

must have at least one input symbol, and it must have only one output symbol 

declared as OUTPUTS. The size of the unit will be the size of the output symbol. 

For this reason, the only dimension allowed for OUTPUTS is column dimension. 

CTERMS are internal connection terminals. That is, internal signals that 

are the target of connection statements. This type of elements help to make a 

clear description of the circuit, and they also help to avoid the duplication of 

connection statements. The designer can assign more than one signal to a 

CTERM symbol, but its physical implementation will become a wired-OR or 

wired-AND. No error message will be given, since this is a designer's decision. 

The designer must have special care with the use of CTERMS in the de

sign since their use can affect the output of the unit. For example, if the first 

statement of a unit description assigns initial values to some of the bits of a 

CTERM symbol, those bits not initialized will have an uncertain value and the 

result of an operation using the whole symbol will be wrong. This will be il

lustrated later in this chapter. 

Any unit description can use other smaller unit descriptions as its in

ternal elements. That is, a unit can call another unit from its body, but it can 

not call itself. Recursion (direct or indirect) is not allowed in HPSIM. All func
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tion units used in the body of the current unit must be declared using the 

syntax of expressions 2.10 and 2.11. 

Figure 2.6 gives two examples of declaration statements that can be 

found in a unit description. Notice in the second example the use of the in

putted integer arguments in the declaration section. Also, notice in both ex

amples that there is only one symbol declared in OUTPUTS, and that the integer 

variables are not declared. 

CLU: ADDER (opl; op2; c). 
INPUTS: opl [4]; op2[4]; c. 
OUTPUTS: sum[5]. 
CTERMS: carry[5]. 
CLUNITS: BITADD[2] <: FULLADD. 

CLU: READ (mem; ar) (r; c; i}. 
INPUTS: mem<r>[c]; ar[i]. 
OUTPUTS: wordout[c]. 
CTERMS: n<r>[c]. 
CLUNITS: DCD[2Ai] <: DECODER(i). 

Figure 2.6 Examples of declaration statements found in a unit description. 

2.4.3 CLUNIT body. 

In this section the part corresponding to the body of a unit description 

will be explained. 

The body of a unit follows the syntax given in expression 2.13. 

BODY CONNECTION. ACTIVITY END. (2.13) 

BODY and END are keyword used to declare the beginning and the end of 

the body, and END must be followed by a period. CONNECTION_ACTIVITY repre

sents the list of statements that form the body of the unit. Each statement of 

this list must be ended with a semicolon except for the last statement which 

must be ended with a period. 
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The syntax used in HPSIM for a statement that can be found in CONNEC-

TION_ACTIVITY is illustrated in Figure 2.7. This figure shows that a unit state

ment can be represented in three different forms: CONNECTION, 

FOR_STATEMENT, ana IF_STATEMENT. Each of this representations will be ex

plained in the following sections. 

In Figure 2.7 all the lower case symbols are reserved words except for 

"or" which means an option. E. g. CONNECTION has two syntax options: Z=OCLV 

and Z=OCLM*F. 

STATEMENT => CONNECTION, or FOR_STATEMENT, or IF_STATEMENT 

CONNECTION => Z = OCLV, or Z = OCLM * F 

FOR_STATEMENT => for INDEX_VARIABLE = INITIAL_VALUE to 
LAST.VALUE STEP_ST ATEMENT 

construct CONNECTION.ACTIVITY rof 

STEP_STATEMENT => step STEP_VALUE 

IF_ST ATEMENT => if INDEX_V ARI ABLE RELATION INTEGER_EXPRES S ION 
then CONNECTION_ACTIVITY ELSE_STATEMENT fi 

ELSE_STATEMENT => else CONNECTION_ACTIVITY 

Figure 2.7 Syntax for statements used in the body of a unit. 

2.4.3.1 Connection statement. 

The output of a declared unit is a function of the input signals and the 

logic description of the unit. Signals can not be stored in the body of a unit 

since combinational logic units do not have storage capabilities. The signal 

transfer between input and output is a non-clocked transfer called 

"connection." The body section of a unit description may consist of a single 

connection statement or a series of connection statements. 
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The syntax for a connection statement is given in Figure 2.7 and it is re

peated in expression 2.14. 

CONNECTION => Z = OCLV or Z = OCLM *F (2.14) 

OCLV (Origin Combinational Logic Vector) and OCLM (OCL Matrix) are 

the signal sources and Z the destination of the signal. INPUT and CLUNIT sym

bols are signal sources and can be used only on the right hand side of the con

nection. OUTPUT symbols are the destination of signals and they can be used 

only on the left hand side of a connection. CTERM symbols can be both source 

and destination of signals, but they can not be destination of themselves. 

The only operations that can appear in Z are row and column catena

tions. On the other hand, OCLV can have any combination of row and column 

catenations, and it can also use the logic operators of Table 2.2. No matter how 

complex are the operations involved in both sides of the connection, the final 

result of Z and OCLV must have the same row and column dimensions. The 

syntax for the second option of a connection statement (Z=OCLM*F) is accepted 

by both the hardware compiler and the simulator. However, this type of state

ment must be used only in module descriptions -and it will not be executed by 

neither the simulator nor the hardware compiler. 

The syntax for Z, OCLV, OCLM, and F that is used in HPSIM is given in ref

erence 6 with the modifications given in reference 14. They will not be ex

plained here. 

In addition to INPUTS and CLUNITS, there are three other types of signal 

sources used in HPSIM. They are Binary String, Binary Encode, and Primitive 

Functions. A binary string is a string of 0, or 1 separated by commas and en
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closed between back slashes, e. g. \0,1,0,0,0,1,0V A 1 represents a logic 1, and 0 

a logic 0. Binary encode is represented by n$p which expresses the integer p 

as an n-bit binary vector, e. g. 6$ 11=N0,0,1,0,1,1N. The use of binary string and 

binary encode is explained in reference 6. 

Primitive functions are essentially a combinational logic unit. However, 

they do not need to be declared and their structure and operation is already 

known by the simulator and the hardware compiler. 

HPSIM uses only two primitive functions, called TERM and TRANS, 

which are also recognized by the hardware compiler. The syntax for both 

functions is given in expressions 2.15 and 2.16. 

TERM is a function that uses two input arguments to generate a logical 

minterm. The symbol i is an integer argument specifying the minterm num

ber, and SYMBOL is a vector of Boolean variables in decending binary order 

over which the minterm is defined ( an OCLV can be also a SYMBOL). E. g. if i=l, 

then TERM(i; x,y,z) = 1 only if the vector formed by the catenation of x,y, and z 

represents the number 1 (001 in binary). The syntax used by both the simula

tor and the hardware compiler requires that the symbol i must be an integer 

variable and not an integer constant as described in reference 6. 

TRANS is a function that uses only one input argument. This function is 

used to catenate a transposed column with a row. ARRAY is a matrix of n rows 

by m columns, and the output of TRANS will be a vector of size n x m. E. g. 

TRANS(A<0:2>[0:1 ] will generate the vector V = (A<0>[0:1], A<1>[0:1], A<2>[0:1]). If 

TERM (i; SYMBOL ) 
TRANS ( ARRAY ) 

(2.15) 
(2.16) 
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we assume all bits 0, then V will be the vector (000000). TRANS does not gener

ate any logic gates. It merely rearranges the wires of the unit that invokes it. 

Both TRANS and TERM can be used only in the body of a declared unit. If 

any of these two symbol names appears in the declaration section of the unit, 

the symbol will be used as declared and not as a primitive function. 

Figure 2.8 shows two combinational logic unit descriptions that are used 

to illustrate some connection examples. Figure 2.8a is the description of a 2-bit 

incrementer that consists of four connection statements. Notice the use of 

CTERM symbols as a source and destination of signals, and the use of a 1-bit bi

nary string as a source signal. Figure 2.8b is the description of a 2-bit-input-4-

bit-output decoder. Here we can see the use of the primitive function TERM as a 

signal source. 

The description of Figure 2.8b, however, will not be accepted by neither 

the simulator nor the hardware compiler since it uses an integer constant in 

the primitive function TERM. This unit is used here only for illustrative pur

poses. 

CLU: INCRMT2 (x). CLU: DECODER2 (ar). 
INPUTS: x[2]. INPUTS: ar[2]. 
OUTPUTS: termout[2]. OUTPUTS: dcdout[4]. 
CTERMS: ta[2J. BODY 
BODY dcdout[0] = TERM(0; ar); 

ta[l] = \1\ dcdout[l] = TERM(1; ar); 
ta[0] = x[l] & ta[l]; dcdout[2] = TERM(2; ar); 

dcdout[3] = TERM(3; ar). 
termout[0] = x[0] @ ta[0]; END. 
termout[l] = xfl] @ ta[l]. 

END. 

(a) (b) 

Figure 2.8 CLUNITS used to illustrate connection statements. 
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2.4.3.2 FOR statement. 

The FOR statement is used to provide a better description in the con

struction of units containing series of identical statements. The use of a FOR 

construct is very similar to the FOR loop of the PASCAL language. The syntax 

used in a FOR statement is given in expression 2.17. 

FOR_STATEMENT => for INDEX_VARIABLE = INITIAL_VALUE to 
LAST_VALUE STEP_STATEMENT 
construct CONNECTION_ACTIVITY rof (2.17) 

where 
STEP_STATEMENT => step STEPJVALUE. 

Expression 2.17 shows the keywords in lower case letters for more clar

ity. The keywords FOR and ROF represent the beginning and end of the state

ment. INDEX_V ARI ABLE is an integer variable whose values are limited by INI-

TIAL_VALUE and LAST_VALUE. INITIALJVALUE, STEP.VALUE and LAST_VALUE 

can be an integer number, an integer variable, or an integer arithmetic ex

pression of reasonable complexity. The only operations that are allowed for an 

arithmetic expression are: Addition, subtraction, multiplication, division, and 

power of 2 (expressed 2An, where 0 < n < 28 in HPSIM). 

STEP_STATEMENT is optional and if it is not given, increments of 1 or -1 

will be assumed for STEP_VALUE depending on the values of INITIAL_VALUE 

and LAST_VALUE. That is, if INITIALJVALUE < LASTJVALUE, then STEPJVALUE 

will have a value of 1. If INITIALJVALUE > LAST.VALUE, then STEPJVALUE will 

be -1. If the designer provides the value of STEP_VALUE, then this value must 

comply with the above equalities. Notice that in all cases the FOR construct will 

be executed at least once. 



CONSTRUCT and ROF delimit the body of the FOR construct and CONNEC-

TION_ACTIVITY is a list of any number of statements (where a statement can be 

a connection, a FOR statement, or an IF statement). Each statement of this list 

must be ended with a semicolon except for the last statement. 

In Figure 2.8b the body of DECODER2 contains four connection state

ments that are identical except for integer constant in the function TERM. Now 

we can illustrate the use of the FOR statement for an n-bit-input-2An-output 

decoder. The same can be done for the incrementer of Figure 2.8a. This is il

lustrated in Figure 2.9a and b. 

CLU: INCRMT (x) (i). 
INPUTS: x[i]. 
OUTPUTS: termout[i]. 
CTERMS: ta[i]. 
BODY 

ta[i-l] = \1\ 
FOR j = i-2 TO 0 CONSTRUCT 

ta[j] = x[j+l] & ta[j+l] 
ROF; 
FOR j = 0 to i-1 CONSTRUCT 

termoutlj] = x[j] <§> ta[j] 
ROF. 

END. 

^ 

CLU: DECODER (ar) {i). 
INPUTS: ar[i], 
OUTPUTS: dcdout[2Ai]. 
BODY 

FOR j = 0 to (2Ai)-l CONSTRUCT 
dcdout[j] = TERM(j; ar) 

ROF. 
END. 

Ibl 

Figure 2.9 Examples for use of FOR construct in CLUNITS. 

Figure 2.9 has three examples of FOR constructs. Notice the use of the 

index variables as well as the use of the input arguments. Since the body of the 

three FOR constructs contain only one statement, this statement is not ended 

with a semicolon. Here, the unit DECODER will be accepted by both the simula

tor and the hardware compiler since it uses an integer variable in the func

tion TERM. 
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2.4.3.3 IF statement. 

The last type of construct that was given in the syntax description for a 

unit statement is the IF statement. This type of construct is similar to the one 

used in the PASCAL language. The syntax for an IF construct is given in ex

pression 2.18. 

IF_STATEMENT => if INDEX_VARIABLE RELATION INTEGER_EXPRESSION 
then CONNECTION_ACTIVITY ELSE_STATEMENT fi (2.18) 

where ELSE_ST ATEMENT => else CONNECTION_ACTIVlTY 

Again, the use of lower case letters in expression 2.18 is used to identify 

the keywords. IF and FI keywords determine the beginning and end of an IF 

statement, INDEX_VARIABLE is an integer variable, and RELATION can be any 

of the symbols given in Table 2.4. 

AHPL symbol HPSIM symbol 

> > 

> >= 

< < 
< =< 

<> o 

Table 2.4 Relational operators. 

The reader should notice the operator "=<" for "less than or equal," and 

not "<=" which is known as a "transfer" in the simulator and the hardware 

compiler. HPSIM uses this symbol in order to keep compatibility with the 

hardware compiler. 

INTEGER_EXPRESSION can be an integer number, an integer variable, or 

an integer arithmetic expression of reasonable complexity. The only opera

tions that are allowed for an arithmetic expression are: Addition, subtraction, 
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multiplication, division, and power of 2 (expressed 2An, where 0 £ n < 28 in HP-

SIM). 

CONNECTION_ACTIVITY is a list of any number of statements (where a 

statement can be a connection, a FOR statement, or an IF statement). Each 

statement of this list must be ended with a semicolon except for the last state

ment. The execution of CONNECTION_ACTIVITY will depend on the Boolean re

sult of the relation between INDEX_VARIABLE and INTEGER_EXPRESSION. If the 

Boolean result is TRUE (or 1), the execution of the CONNECTION_ACTIVITY fol

lowing the THEN keyword will be executed. If the Boolean result is FALSE (or 

0), the CONNECTION_ACTIVITY following the ELSE keyword is executed. If no 

ELSE_STATEMENT is included (ELSE_STATEMENT is optional), no execution of 

CONNECTION_ACTIVITY will be done. 

An example of the IF construct is given in Figure 2.10 for a different de

scription of the incrementer of Figure 2.9a. The figure also shows the nesting 

of the different statements in the body of the unit description. 

CLU: INCRMT (x) (i). 
INPUTS: x[i]. 
OUTPUTS: termout[i]. 
CTERMS: ta[i]. 
BODY 

FOR j = i-1 TO 0 CONSTRUCT 
IF j = i-1 THEN 

ta[i-l] = \1\ ] 
ELSE 

ta[j] = x[j+l] & talj+1] ] 
FI 

ROF; _ 
FOR j = 0 to i-1 CONSTRUCT 

termoutlj] = x[j] @ ta(j] ~1 
ROF. 

END. 

Figure 2.10 Example of IF construct and nesting of statements in a CLUNIT. 



Notice that there is only one statement in each of the parts of the IF 

statement, and for this reason no semicolon is added. Also notice that the IF 

statement itself is the only statement in the body of the first FOR construct, and 

for this reason no semicolon is added after FI. The body of the unit is then 

formed by two FOR constructs, and the second one has a period added after ROF. 

2.5 Preparing an AHPL file for the hardware compiler. 

The hardware compiler uses a slightly different syntax than the one 

used in the simulator. For this reason, certain changes have to be made in the 

AHPL description of the system that was simulated. 

The changes required in the modules are described in the manual of 

reference 14. In this section those changes required in the unit descriptions 

will be given. 

2.5.1 Use of two dimensional symbols. 

The use of symbols declared with row and column dimensions in the 

body of a unit are handled differently in the simulator and the hardware com

piler. The hardware compiler requires that this type of symbols must have ex

plicitly described the number of rows and columns used in a connection state

ment. For example, 

expressions 2.19 give the declaration of two symbols of the same size. The 

statement of expression 2.21 is a valid AHPL statement that will be interpreted 

by the simulator. The hardware compiler, however, will require that column 

INPUTS: MEM<n>[m]; AA[n], 
CTERMS: A<n>[m]. 
A<i> = MEM<i> & AA[i]; 

(2.19) 
(2.20) 
(2.21) 



subscripts be declared in expression 2.21. That is, [0:m-l] must be included in 

expression 2.21 for the symbols A and MEM. 

Symbols declared only with one dimension do not have to be used as de

scribed above. 

2.5.2 Use of CTERMS. 

In section 2.4 a brief explanation of the use of CTERMS in the body of a 

unit was given. Here the differences between the hardware compiler and the 

simulator on the use of CTERMS will be explained. 

Expressions 2.22, 2.23, and 2.24 are valid AHPL statements that can be 

interpreted in the simulator. If we assume that the symbol SUM is a CTERM the 

hardware compiler will give an error message (warning) since this symbol is 

the target of and AND operation (expression 2.23) and the result the unit ADD 

(expression 2.24). 

One solution to the above problem is to declare the symbol SUM with two 

rows and using the symbol as in expression 2.25. 

Notice that in the above expressions TA, SUM, and OP1 are assumed to be 

declared with four columns. 

Expressions 2.26, 2.27, and 2.28 are valid AHPL statements that will be ac

cepted by the simulator. However, if we assume that TA and SUM are CTERMS 

with a size of eight bits and no other assignment has been done on bits zero to 

TA = OP1 & OP2[3]; 
SUM = OP1 & OP2[2]; 
carry, SUM = ADD(SUM; TA); 

(2.22) 
(2.23) 
(2.24) 

carry, SUM<1>[0:3] = ADD(SUM<0>[0:3]; TA). (2.25) 
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three for these symbols, the result of the unit ADD will be unpredictable since 

the initial values of CTERM symbols is unknown. 

2.6 Concluding remarks. 

HPSIM2_CL represents an improved version of the simulator but it still 

has its limitations. In this section some recommendations in the design of 

combinational logic units are given based on the limitations of the simulator. 

The rules for writing combinational logic unit descriptions do not re

quire that the statements in the body of the unit appear in order. That is, the 

order of the statements not necessarily have to be from input to output. HPSIM, 

however, requires that only the first unit in a level of nested function calls 

can have scrambled statements in its body. In other words, if a module invokes 

a unit which also invokes another unit, the unit called by the module can have 

unordered statements, but the second unit must have all the statements ordered 

from input to output. 

Since HPSIM executes each statement sequentially, the simulation of an 

unordered version of a combinational logic unit description requires that the 

unit has to be executed iteratively until the same values are obtained through

out the network for two consecutive iterations. This will require several passes 

over the same unit and will increase the simulation time by a factor of c*i*T 

(where c is the number of calls made to the unit, i is the number of iterations 

taken to simulate the unit, and T is the time needed to execute the unit in one 

pass). The designer is encouraged to make a design of ordered statements. 

TA[4:7] = OP1 & OP2[3]; 
SUM[4:7] = OP1 & OP2[2]; 
carry, SUM = ADD(SUM; TA); 

(2.26) 
(2.27) 
(2 .28)  



An efficient design of a unit description will led to a shorter simulation 

time. Figures 2.9a and 2.10 show the description of the same combinational 

logic unit, but in Figure 2.10 the FOR construct contains an IF construct instead 

of a single connection statement. The description of Figure 2.10 is very ineffi

cient since the IF construct will be executed (i) times, and the execution of an 

IF construct takes more time than the execution of a connection statement. The 

same will be applicable for nested FOR constructs. The design of efficient unit 

descriptions is encouraged in order to diminish the simulation time. 

When starting the design of a digital system, the designer is encouraged 

to use wherever possible the set of standard functions at the beginning of the 

design. This will simplify the design, reduce the source of design errors, and 

reduce the simulation time. Once the design is correct, the unit descriptions 

required in the design can be added. 

The previous version of the simulator limited the size of a symbol used 

in the standard functions INC, DEC, and DCD to 28 bits (column dimension). This 

limitation still exists in HPSIM2_CL but can be avoided when using user de

fined units. That is, if a 32-bit incrementer is required, then the description of 

an n-bit incrementer can be used instead of the standard function INC. The 

limitation of 28 bits still exists for unit descriptions in which the arithmetic 

operation 2An is used. This is because HPSIM2_CL can not handle numbers 

greater than 2A28 

HPSIM2_CL still keeps the properties and restrictions given in the user's 

manual of reference 14, but with the addition of combinational logic unit sim

ulations. 



4 0  

CHAPTER 3 

STRUCTURE OF HPSIM2_CL 

Chapter 2 presented a brief description of the structure of the simula

tor. In this chapter a more complete description of the internal structure of 

HPSIM will be given. It will also include all the changes and additions made on 

HPSIM2 in order to get HPSIM2_CL. 

HPSIM is a function-level simulator that interprets an AHPL description 

of a digital system and simulates the internal structure of the system in a 

clock-period-by-clock-period basis. HPSIM is a simulator consisting of two 

passes as described in Figure 3.1. 

PASS 1 PASS 2 

MODULE Execution 

CLUNIT Execution 

END Routine 

CLUNIT Parser 

MAIN Routine 

MODULE Parser 

Figure 3.1 Main block structure of HPSIM2_CL. 

Figure 3.1 represents the same structure of HPSIM2 but with the addi

tion of two main blocks: the CLUNIT parser and the CLUNIT executer. This fig

ure gives a very good description of the function of each pass on the simula

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

tion file, check for syntax and semantic errors in modules and units, allocate 

storage for the variables, and transform the AHPL description to an internal 

table representation. The MODULE parser includes a set of routines that parses 

the communication file. 

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 

parser finishes processing all the declared units, the control of the simulation 

returns to the MODULE parser. 

After Pass 1 is finished, the control of the simulation returns to the 

MAIN routine of the simulator. If no error was found during Pass 1 (syntax or 

semantic error), Pass 2 executes the internal representation of the AHPL de

scription. If an error was found in Pass 1, MAIN will call the END routine and 

the simulation will stop. 

Pass 1 generates a set of tables that are used by Pass 2 in the execution 

process. MODULE Execution is a set of routines that executes the internal repre

sentation of the description of a module. If during the execution of a module a 

unit description is invoked, control of the execution passes to the CLUNIT exe-

cuter which executes the function unit and returns its output to the MODULE 

parser. 

The MODULE executer includes a set of routines that are in charge of 

giving the output requested by the designer through the communication file. 

If an error is found during Pass 2 (execution error), the simulator will 

send an error message to the output file and the simulation will stop (call to 
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END routine). Otherwise, the simulation will be executed for the time requested 

by the designer through the communication file. 

The function of MAIN routine is to get the names of the input and output 

files. The END routine displays the number of errors occurred during Pass 1 

and stops the simulation with an ending message. 

A description of the changes and additions made in HPSIM2 to obtain 

HPSIM2_CL will be explained in the following sections. These changes and ad

ditions will be explained as thoroughly as possible so the reader will not have 

any problem understanding the internal structure of the simulator. However, 

if the reader is interested on making any future changes in the simulator, he 

or she must have a very good knowledge on the design and construction of a 

compiler. 

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

Parser and Executer is given in the HPSIM2 system's manual [12]. This manual 

offers an extensive description of the internals of HPSIM2 and only those parts 

that have been affected in the implementation of the new simulator will be 

given here. 

3.1 Structure of the parsers. 

Figure 3.2 is a block representation of the main routines of Pass 1. This 

figure illustrates the similarity between the two parsers, and it also shows a 

common routine (scanner) to both parsers. Notice also that the main commu

nication between the two parsers is through the main parsing routines 

though some communication exist through the semantic routines. The de

scription of Figure 3.2 and the blocks affected during the implementation of 

the new simulator is given in the following sections. 
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Error 
Routine 

Error 
Routine 

CLUNIT Parser 

Semantic 
Routines 

Semantic 
Routines 

MODULE Parser 

Main Parsing 
Routine 

Main Parsing 
Routine 

Figure 3.2 Block structure of MODULE and CLUNIT parsers. 

3.1.1 Scanner. 

The scanner is a routine that is in charge of reading the input files one 

line at a time. Each line is divided 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. E. g. variables are represented 

with the same token, but the name of the variable will be given by sub-token. 

The scanner will accept only those symbols defined in the syntax of the 

language. A strange symbol will cause the simulation to stop. 

With the addition of the syntax for combinational logic unit descriptions 

the list of tokens had to be augmented to the list given in appendix A. Twenty 

new tokens had been added and tokens with double meaning have the second 

meaning between parentheses. This table is self explanatory. 

The scanner identifies keywords from variables by comparing the cur

rent symbol with a set of reserved words. If the variable is found to be a key

word, then the token-number for that keyword is used. The scanner will re
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turn to the main parsers a token and a sub-token for each symbol that is 

found. 

3.1.2 Main parsers. 

AHPL is a hardware language that has rules to prescribe the syntactic 

structure of well-formed description of a system. The syntax of AHPL con

structs can be described by a context-free grammar or BNF (Backus-Naur 

Form) notation [1], This grammar is the base on which a parser is constructed. 

The purpose of the parser is to determine, with the help of a context-

free grammar, if a string of tokens can represent a legal construct of the lan

guage. In other words, the parser is in charge of the syntax analysis of the 

language [1]. 

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

AHPL file [12], The same data structure has been kept for the CLUNIT parser 

and the grammar used to construct this parser is given in appendix B. This 

grammar was extracted from the BNF grammar of the Universal AHPL given in 

reference 11. The grammar shown in appendix B includes the reduction num

ber associated with each production, and lower case symbols are used to repre

sent tokens. 

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

scriptions is given in the system's manual of HPSIM2 [12], They will not be ex

plained here and the reader is referred to this manual. 

The syntax analysis for the declaration section of a module description 

is done in an ad-hoc manner [12]. The fact that this method of parsing was 

chosen facilitates the changes needed in MODULE parser in order to accept the 
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new syntax for declaration of CLUNITS. These changes include the recognition 

of the symbol when declaring a unit as a user defined, and the recognition 

of and "}" to enclose the input parameters to the unit. 

Figure 3.3 shows the flow chart for parsing CLUNIT declarations in a 

module description. The code represented by this figure has been added to 

MODULE parser. Notice that the flow chart starts with the assumption that the 

type of declaration is already obtained. For purposes of easy understanding, 

this figure represents a simplified version of the actual code. 

The grammar for module descriptions of reference 12 includes one pro

duction that is of interest here. This grammar provides a production for the 

use of user defined functions in the body of a module (though their use is not 

allowed). This production is repeated in expression 3.1. 

Production #41: GLRM => :: SLRM ( FUNCTIONJNPUT ) (3.1) 

GLRM stands for General Line, Register, or Memory, and SLRM stands 

for Simple Line, Register, or Memory. Notice that the token is not a legal 

AHPL symbol and it has to be inserted when SLRM represents a user defined 

function. The only change made in the main parser for modules is the detec

tion of SLRM as a user defined function. This is represented by the if state

ment: IF SLRM is a user defined function, THEN insert ELSE do nothing. The 

syntax checking for this production is already included in the parser. 

The CLUNIT parser is constructed using a Canonical LR(1) parser [1]. 

This is also a table-directed parser and the reason of chosing this method is 

that it is the most powerful and successful of the methods used to write a 

parser. However, this is also the most expensive of the methods. 
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Type, 

Yes 

Get Function_name 
and size. 

Get next token 

oken 
is <\j 

t Yes 

Get name of 
user defined unit 

Get next token 

Token 

Yes 

Get list of 
parameters 

Define Function_name 
as user defined unit 
and store pointer to 

list of parameters 

Define Function_name 
as standard unit 

Figure 3.3 Flow chart for CLUNIT declarations on modules. 
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All LR parsers use a set of tables and a stack for syntax analysis [1]. The 
t 

main parsing routine of the CLUNIT parser uses a set of four tables and a stack. 

The organization of the tables used by the CLUNIT parser is given in 

Figure 3.4. These tables have been compacted using the techniques given in 

reference 1 for compacting LR parsing tables. 

GOTO TABLE STATE TABLE ACTION TABLE PRODUCTION TABLE 

c l u  

EOP Acc 
250 

908 

Figure 3.4 Parsing tables for the CLUNIT parser. 

The State table is a list of pointers to the Action table and each pointer is 

associated with each state. The Action table of Figure 3.4 is a two columns table 

that contains token-numbers in one column and state numbers, error num

bers, or pointers to the Reduction table on the other column. The column con

taining token-numbers has a value of zero for "any token," which means that 

any token can match this value. The interpretation of this table is as follows: 

Given the pair (current_state, current_token) we can get from the Action 

table any of the following states: 

1. (TOKEN, STATE) current_token matches TOKEN, then take shift 
action and use STATE as the new current_state. 
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2. (ZERO, ERROR) current_token matches ZERO, then take error 

action and use ERROR to call the error routine. 
3. (ZERO, POINTER) current_token matches ZERO, then take reduction 

action and use POINTER with the Reduction table. 

From the above we can see that the function of the Action table is to de

termine what is the following syntax action given the pair (current_state, 

current_token). A shift action means that the current_token can follow the 

syntax of the previous construct, or that it can be part of a production. An er

ror action means that the current_token can not be used to form a legal con

struct and that some recovery action must be taken. A reduction action is taken 

when a production of the BNF grammar is already finished. This action pops n 

elements from the stack (which are the number of elements that form that 

production), and these elements are used in the semantic routines. 

The Reduction table of Figure 3.4 is a two columns table that contains a 

list of reduction numbers on one column and a list of pointers to the Goto table 

on the other. Each reduction number is associated with each production of the 

BNF grammar of appendix B, and this number is used to determine the number 

of elements to pop from the stack. 

The Goto table contains only state numbers on both columns. The left 

column represents the list of current states and the right column the list of 

next states. This table is used when a production has been reduced and the new 

value of current_state is on the top of the stack. Then, given the pair 

(current_state, goto_pointer) we get a next state value which will be the new 

current_state. A value of zero on the column of current states matches any 

value of current_state. 

Now that the structure of the parsing tables has been given, the de

scription of the structure of the main routine for the CLUNIT parser can also 
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be given. Figure 3.5 shows the flow chart of the main parsing routine. Again, 

this figure represents a simplified version of the actual code for easy under

standing. 

The only time in which the CLUNIT parser will be used is when the 

MODULE parser finds the keyword CLU at the beginning of a unit declaration. 

current_state = 0 

E 
| action_pointer = 1| 

| action = get_action(action_pointer, current_token) 

error(action) 
error 

action 
reduction 

-^|pop(action)|-

shift 

|current_state = action I |current_state = STACK[stack_pointer] 

~jr~ 

semantics(j"l 

return to 
MODULE parser 

current 
state is 0 

current_state = 
get_state(action, current_state) 

| push(current_token, current_state) 

I 
| current_token = get_next_token()| 

3 
|action_pointer = STATE_TABLE[current_state]| 

Figure 3.5 Flow chart for main routine of CLUNIT parser. 
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The flow chart of Figure 3.5 assumes the above so the value of cur-

rent_token at the beginning of the parsing process will be the token-number 

for CLU. In the figure the values of current_state and action_pointer are ini

tialized to 0 and 1 respectively since state 0 does not exist in the State table of 

Figure 3.4. 

The routines get_action(), and get_state() are used here to illustrate the 

structure of the parser and they are not implemented in the simulator. Their 

functionality is included in the main routine of the CLUNIT parser. 

Push() and pop() are the two routines that handle the operation of the 

stack and their operation has been changed from the original version of the 

simulator to provide a more efficient use of the stack. Figure 3.6 illustrates how 

push() and pop() now operate the stack. The stack_pointer always points to the 

top of the stack. 

STACK STACK STACK STACK 

a a a a 
b b b b 

stack pointer-^ c c c stack pointer-^ 
d 

(a) (b) 

Figure 3.6 (a) Push operation, (b) Pop operation. 

Get_next_token() is the scanner routine of Figure 3.2 but this name is 

used in Figure 3.5 for illustration purposes. The description of the error() and 

semanticsQ routines of Figure 3.5 will be given in the following sections. 
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3.1.3 Error routines. 

During the parsing stage of the simulator two types of errors can be 

found: A syntax error, such as an arithmetic expression with unbalanced 

parentheses, and a semantic error, such as an operator applied to an incom

patible operand. 

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

taking the necessary actions to recover from an error. 

The structure of the error routine for the MODULE parser of Figure 3.2 is 

given in the HPSIM2 system's manual. Only the structure of the error routine 

for the CLUNIT parser will be given here. 

Syntax errors are detected by the main parsing routine in the CLUNIT 

parser, and these errors are passed to the error routine to take the necessary 

actions. Semantic errors are detected by the semantic routines and no error 

recovery is taken for this type of errors (this will be explained later). 

The CLUNIT parser contains only one main error routine. This routine 

uses a combination of the panic-mode and phrase-level methods for error re

covery [1], Figure 3.7 shows the flow chart for this routine. 

display error message 

Iphrase-level recovery panic-mode recoveryl 

^ return to * 
CLUNIT parser 

Figure 3.7 Flow chart of the error routine for the CLUNIT parser. 



Figure 3.7 shows the three main blocks that form the structure of the 

error routine. The first block is in charge of displaying an error message for 

each possible syntax error. It also shows the exact location of the error in the 

source code of the output file. 

The error occurred during the parsing stage will determine the type of 

recovery to take. If the error can not be solved using the phrase-level method, 

panic-mode recovery must be taken. 

Phrase-level recovery consists on a simple insertion or deletion of a 

token, such as inserting a missing semicolon. Panic-mode recovery scans 

down the stack until a state with a goto on a particular production is found. 

Once this state is found, zero or more input symbols are discarded until a par

ticular symbol is found that can legitimately follow that production. E. g., a 

semicolon can follow a connection production. 

Both types of methods for error recovery have effect over the stack, the 

current state, and the current token. This effect is needed in order to return a 

state in which the parser can continue its operation. 

3.1.4 Semantic routines. 

The semantic routines are in charge of checking the source code for 

semantic errors and translating the source code into an internal representa

tion. 

The semantic process is as follows: Once a production has been con

structed by the parser, it is handled over a semantic routine that will check for 

semantic errors (such as adding an integer to an array). If no error is found, 

the production is translated to an internal representation. If an error is found, 

an error message giving the nature and location of the error is sent to the 
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output file. Error recovery varies on each semantic routine and it is not re

quired since a semantic error does not have any effect on the parser. 

The semantic routines of the CLUNIT parser use two methods for error 

checking: a static method for checking the type of the symbols, and a dynamic 

method for checking the size of the symbols [1]. Dynamic checking is used 

when the values of certain variables is known only at execution time. This oc

curs in units that receive numeric values when they are invoked, and these 

values are used in the body of the unit. 

The description of the semantic routines for the MODULE parser is given 

in the system's manual of HPSIM2. 

In order to understand the function of the semantic routines, it is nec

essary to describe the tables on which the source code is translated. HPSIM 

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

those tables affected during the implementation of the new simulator will be 

given here. The rest are described in the HPSIM2 systems' manual. 

The first table is the Symbol Reference Table (SRT). This table is used to 

store all the symbols that are used in the modules of an AHPL description file. 

The description of this table is given in Table 3.1. 

This table is also used to store the symbols and index variables used in a 

unit description. However, the contents of columns seven to eight are pointers 

to a Table of Temporary Symbols (TOTS) and not the actual numeric value as in 

module symbols. These pointers are used since the number of rows and 

columns in a unit description can be a numeric value or the result of an 

arithmetic operation. For index variables and formal arguments in unit de

scriptions columns three to nine are ignored. 
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Column Number Description of contents 

2 
3 
4 
5 
6 
7 
8 
9 

10  

Name of the symbol 
Type of the symbol 
Number of declared columns 
Number of declared rows 
Lower column subscript 
Upper column subscript 
Lower row subscript 
Upper row subscript 
Code for row and column subscripts or one-shot duration 
Pointer to first bit of the symbol stored in SVT 

Table 3.1 SRT table description. 

Column nine of SRT contains a code that is used to determine when a 

symbol is used with subscripts. If the code number is greater or equal to zero, 

then symbol subscripts are used. Otherwise, it is a one-shot duration which has 

meaning only to the MODULE executer. Code 1 indicates that the symbol is used 

with no subscripts; code 5 indicates that the column subscripts of the symbol 

are given; code 10 indicates that the row subscripts of the symbol are given; 

and code 0 indicates that both row and column subscripts are given. 

Column ten can have two types of pointers depending on the type of the 

symbol. If the symbol is a module symbol, column ten will have a pointer to the 

Symbol Value Table (SVT) or a pointer to the CLUNIT Symbol Table (CST). The 

pointer to CST will occur only in the case of user defined units and its value 

will be a negative number less than -1. All the symbols of a unit description 

have an initial value of -1 in column ten of the SRT table. These symbols are 

assigned pointers to SVT dynamically except for integer variables whose inte

ger value is given in column ten of SRT. 

The Symbol Value Table (SVT) is a table that contains all the bits of all 

the symbols used during the simulation (including temporary symbols). 
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The second table is called Table of Temporaiy Symbols (TOTS). This table 

has four columns that are used to store eight different types of information. 

The description of this table is given in Table 3.2. 

Column #1 Column #2 1 Column #3 1 Column #4 
- 1 Number of Number of Pointer to 

columns rows SRT 
- 1 Pointer to 

SRT 
-2 Number of Number of Pointer to 

columns rows SVT 
-2 Integer 

value 
-3 Number of 

columns 
Integer 
value 

-3 Integer 
value 

>0 Number of Number of Pointer to 
OTABLE row columns rows SVT 

>0 QTABLE row 
QTABLE row where the 

where ihe symbol list 
symbol list ends 

starts 

Table 3.2 TOTS table description. 

Table 3.2 describes the meaning of the content of each column of the 

TOTS table. Column one contains a code number that is used to determine the 

meaning of the other three columns. A code of -1 is used for symbols stored in 

the SRT table. When the pointer of column four points to an AHPL type symbol, 

the values of columns two and three are used. When the pointer of column 

four points to an integer type symbol, the values of columns two and three are 

ignored. The simulator already knows what type of symbol to expect and type 

checking for the symbol in SRT is not necessary. 

A code of -2 is used when a production generates a temporary result. If 

the temporary result is obtained from an AHPL construct, the values of 
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columns two and three represent the size of the temporary result, and column 

four will contain a pointer to SVT where the first bit of the symbol is stored. If 

the temporary result is obtained from an arithmetic operation, column four 

will contain the integer value and columns two and three are ignored. 

A code of -3 has been added to this table and it is used for integer argu

ments. Binary strings and encode productions generate a series of bits of size 

n. The size of the string will be stored in column two and the string of bits in 

column four. Integer arguments have their value stored in column four. 

When code is greater than zero, it can bo a pointer to a list of symbols or 

a pointer to two symbols. A pointer to a list of symbols is the result of a pro

duction that uses a list of arguments such as the input arguments for a unit de

scription. When the temporary symbol is a result of a row or column catena

tion, the value of code is used as a pointer to the two elements that form the 

catenation. In either case, this pointer will point to the table of quadruples 

(QTABLE). 

The source code of an AHPL description file is converted to an internal 

representation in the simulator. This representation, called a quadruple [1], is 

a structure that contains four fields one of which is used to describe the type 

of operation and the other three are used to define the two operands and the 

result. Each quadruple is stored in a table called Quadruple Table (QTABLE). 

The first column of the QTABLE is used to store the type of operation to 

execute. This operation is one of the productions of the BNF grammar of the 

language. The second and third columns are used to store the operands on 

which the operation will be applied, the third column is used to store the re

sult of the operation. Columns two and three are pointers to the TOTS table from 
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which the operands are obtained. Column four is a pointer to TOTS where the 

result will be stored. 

Only two productions of the BNF grammar of appendix B do not follow 

the above description. These productions are the productions for the IF state

ment (33) and the FOR statement (35) which use column two to store a pointer 

to the IF Table and FOR Table respectively. 

Not all the productions use all four columns of a quadruple. Productions 

in which only one operand is used will have columns three and four unused. 

This is the case for productions 33 and 35 in the BNF grammar of appendix B. 

Other productions such as production 71 will have one operand and the result. 

HPSIM required the addition of four new tables with the implementation 

of user defined units. These tables are the CLUNIT Symbol Table (CST), the CLU

NIT Reference Table (CRT), the IF Table (IFT), and the FOR Table (FORT). 

The CST table is used to store the information given in the module or 

unit in which the a unit is declared and invoked as a user defined. When a unit 

is declared as a user defined, a pointer to this table is put in the last column of 

the SRT table. Table 3.3 describes the structure of this table. 

Column Number Description of contents 

1 Module or unit number where the unit is invoked 
2 Number of actual arguments 
3 Number of actual parameters 
4 Pointer to TOTS table for the list of actual parameters 
5 Pointer to CRT table 
6 Pointer to SVT table 

Table 3.3 CST table description. 

Table 3.3 is self descriptive and from the explanation of the above tables 

the reader should be able to understand this table. The reader should notice 



5 8  

that a pointer to the iist of actual arguments is not given in this table since it 

is included in the QTABLE when the quadruple for unit invokation is con

structed. 

The CRT table is used to store all the information concerning to a unit 

description. All the information contained on this table will be obtained dur

ing the parsing stage of a unit description. Table 3.4 describes the structure of 

this table. 

Column Number Description of contents 

1 Name of the unit 
2 Number of fomal arguments 
3 Number of formal parameters 
4 Pointer to TOTS table for the list of formal arguments 
5 Pointer to TOTS table for the list of formal parameters 
6 Pointer to QTABLE for first quadruple of the unit 
7 Pointer to QTABLE for last quadruple of the unit 
8 Pointer to SRT table for first symbol of the unit 
9 Pointer to SRT table for last symbol of the unit 

1 0 Pointer to TOTS table for first temporary symbol of the unit 
1 1 Pointer to TOTS table for last temporary symbol of the unit 
1 2 Recursion flag used to avoid recursion 

Table 3.4 CRT table description. 

The reader should notice the use of column 12 in the CRT table. This col

umn contains a flag that is set when the unit is being executed and reset at the 

end of the execution. This flag is check every time a unit has to be executed in 

order to see if the unit is not already active. 

The FORT table stores all the information required in a FOR construct as 

described in Table 3.5. This table includes all the information required to exe

cute the for construct such as the index variable, the initial and final value of 

the loop, and the quadruples that are enclosed by the body of the FOR con

struct. 
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Column Number Description of contents 

1 Name of the symbol used as index variable in the FOR loop 
2 Pointer to TOTS table for the initial value of the index variable 
3 Pointer to TOTS table for the last value of the index variable 
4 Pointer to TOTS table for the increment step of the index variable 
5 Pointer to QTABLE for first quadruple of the FOR loop 
6 Pointer to QTABLE for last quadruple of the FOR loop 

Table 3.5 FORT table description. 

The last table that was added to the simulator is the IFT table. This table 

contains all the information required to execute an IF statement. Table 3.6 de

scribes the structure of this table. 

Column Number Description of contents 

1 Name of the symbol used in the relation part of the IF statement 
2 Type of relation used (=, <>, >, <, >=, =<) 
3 Pointer to TOTS table for the second symbol to be used in relation 
4 Pointer to QTABLE for first quadruple of THEN statement 
5 Pointer to QTABLE for last quadruple of THEN statement 
6 Pointer to QTABLE for first quadruple of ELSE statement 
7 Pointer to QTABLE for last quadruple of ELSE statement 

Table 3.6 IFT table description. 

Notice in this table that the element on the left side of the relation 

expression is a symbol, but the element on the right of the relation can be a 

symbol or an integer expression. For IF statements on which there is no ELSE 

statement the contents on columns six and seven will be a zero value. 

The rest of the tables used in the simulator are used by the MODULE exe-

cuter and they are described in the HPSIM2 system's manual [12]. 

With the description of the above tables the reader should be able to un

derstand the usage of the semantic routines to construct these tables. From the 

semantic routines of the MODULE parser only one is of interest here. This rou

tine was added to the MODULE parser with the implementation of declarations 
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for user defined functions in the body of a module. The routine, called P41T41, 

is used to check the semantics of production 41 of the BNF grammar of refer

ence 12 and to generate the quadruple given in Figure 3.8. 

QTABLE row 
number 

Production 
Number 

Operandi Operand2 Result 

n 4 1 Pointer to TOTS 
for unit 

description 

Pointer to TOTS 
for list of actual 

arguments 

Pointer to TOTS 
for result of 
unit output 

Figure 3.8 Quadruple for production 41. 

Figure 3.9 describes this routine whose input includes a pointer to SRT 

for the description of the unit and a pointer to TOTS for the list of actuals. 

return to 
tain parsei 

Set pointer to SVT in 
CST table 

Check for use of 
column subscripts 

Check for unit to be 
declared with column 

dimensions only 

Put a temporary symbol 
in TOTS that will point 

to the declaration of this 
unit in SRT 

Use the above temporary symbol 
to form the quadruple for this 

production and put it in QTABLE 

Figure 3.9 Flow chart for semantic routine P41T41. 
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The semantic phase of the CLUNIT parser will be called for any of the 80 

productions of the BNF grammar of appendix B, and each production will re

quire a different semantic action. The semantic phase includes a main routine 

and a set of seven routines that are used to process the semantic action of dif

ferent productions. The CLUNIT parser passes a production to the main routine 

and this routine will decide which semantic routine to call. For some produc

tions no semantic action is required and the main semantic routine will return 

immediately to the main routine of the CLUNIT parser. 

The set of routines that are responsible for the semantic actions of the 

productions are named as "C nl T n2" which stands for "CLUNIT productions nl 

To n2." For example, the subroutine C01T07 does the semantic actions for pro

ductions 1 to 7. In general, these routines will check for semantics and fill the 

information needed in the different tables used during the execution phase. 

The structure of these routines is very similar to the one given for routine 

P41T41 in Figure 3.8. 

Some semantic routines of the CLUNIT parser execute actions very sim

ilar to the ones taken in the routines of the MODULE parser. In this case, the 

semantic routines of the CLUNIT parser use the semantic routines of the MOD

ULE parser to take the necessary semantic actions. For example, production 2 

of the BNF grammar of appendix B is used to process a list of arguments very 

similar to the one processed by production 48 on the BNF grammar of refer

ence 12. Then, the routine that processes production 2 in the CLUNIT parser 

will call the routine that processes production 48 in the MODULE parser. The 

above is described in Figure 3.10. 
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CLUNIT Parser 

Production n o 
Main Semantic 

Routine 

MODULE 
Semantic 
Routines I C01T071 IC08T16I jCnlTn2| 

Execution 
Tables 

_ _ 4  

Figure 3.10 CLUNIT semantic process. 

Figure 3.10 illustrates also the flow of the information generated by the 

semantic routines and stored in the execution tables. 

Most of the routines from the MODULE parser that are used by the CLUNIT 

parser required slight modifications in order to distinguish when the in

formation is coming from the CLUNIT parser. The documentation for those 

changes is included in the source code of the simulator. 

3.2 Structure of the code executers. 

Once the parsing process of the simulator has finished (Pass 1), the 

control of the simulator passes to the execution process (Pass 2). Here, the sim

ulator will select all the information needed to execute a statement from the 

execution tables. 

The execution routines for the MODULE executer are described also in 

the HPSIM2 system's manual [12]. These routines are in charge of the initial

ization of the execution process and the output of the simulator. Only one of 



these routines is of interest here since it was added to the simulator with the 

implementation of unit descriptions. The routine, called E41T41, is in charge of 

executing the quadruple for production 41 which represents a function call to 

a user defined unit. The flow chart for this routine is given in Figure 3.11. 

return to ^ 
jnain executer. 

Put output of unit in 
temporary result 

Call main execution 
routine for CLUNUS 

Get Unit information 
and list of actuals 

Get first and last 
quadruples for 

current unit 

Transfer 
information from 
list of actuals to 
list of formals 

Compare current output with the 
output of previous iteration. If 

not equal execute again 

Figure 3.11 Flow chart of routine E41T41. 

The input to routine E41T41 is the quadruple for this unit which con

tains a pointer to TOTS for the unit description, a pointer to TOTS for the list of 

actual arguments, and a pointer to TOTS for the temporary result of the unit. 
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In Figure 3.11 the flow chart describes a call to the main executer for 

unit descriptions. The input to the main executer will be the set of quadruples 

enclosed by the current unit. Once the execution of the quadruples is done, the 

output of the unit is compared with a previous output to determine if the cur

rent output is correct. This is done in case the current unit description has un

ordered statements in its body. This means that all unit descriptions executed 

from this routine will be executed at least twice. When the output is correct, it 

is stored in the temporary result. 

During the 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 routine to call for each quadruple of the unit. 

Figure 3.12 describes this process. 

Main routine of 
MODULE Executer 

E41T41 Main routine of 
CLUNIT Executer 

I E09T09I | EnlTn2| nr CE12T12 I |CE33T34| ICEnlTn2 

Execution 
Tables 

Figure 3.12 CLUNIT execution process. 

Figure 3.12 shows some communication between the executing routines 

of the MODULE and CLUNIT executers. This is done for some routines of the 

CLUNIT executer which would execute the same operations of the routines of 



the MODULE executer. Then, a call to any of these routines will cause a call to 

the corresponding routine of the MODULE executer. For example, the AND op

eration is implemented by routine E25T27 in the MODULE executer and by rou

tine CE616569 in the CLUNIT executer. Then, routine CE616569 will only pass 

the elements to be ANDed to routine E25T27. 

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

the execution tables. This is also shown in Figure 3.12. 

From the 80 productions of the BNF grammar of appendix B, 21 of them 

are executable. These 21 productions are grouped into 15 execution routines 

that are named "CE nl T n2." For example, routine CE33T34 executes productions 

33 and 34. Other routines, like CE616569 above, give the specific productions 

that they execute on their name. 

Some routines from the MODULE executer are used by the CLUNIT exe

cuter. These routines required slight modifications in order to distinguish 

when the information is coming from the CLUNIT executer. The documentation 

of those changes is included in the source code of the simulator. 

All the routines of the CLUNIT executer have the same two basic blocks: 

dynamic checking of the size of the symbols and execution of the production. 

Dynamic checking is done in order to determine if the values of the index 

variables used as symbol subscripts are in the bounds of the size of the sym

bols. An error of this type will cause the simulation to stop. 

From all the routines of the CLUNIT executer only three of them are of 

interest here. Their descriptions are given in the following sections. Those not 

described are simple routines and their function and documentation can be 

seen from the source code of the simulator. 
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3.2.1 CE73T73 routine. 

Production 73 of the BNF grammar of appendix B represents a function 

call. This call can be for a standard function, a primitive function, or a user 

defined function. After dynamic checking, this routine has to determine the 

type of function that is being called. For a standard function a call to the cor

responding routine of the MODULE executer is made and for a primitive func

tion a call to a routine of the CLUN1T executer is made. These two types of 

functions are simulated by simple FORTRAN routines. 

When a user defined function is called from another function, the pro

cess is different from the one given for function calls in modules. 

Figure 3.13 describes the flow chart for routine CE73T73. In this figure 

we can see the difference between executing a standard or primitive function 

and executing a user defined function. Standard and primitive functions rep

resent one quadruple and they are executed in one call to a specific routine. On 

the other hand, a user defined function represents a set of quadruples that 

have to be executed. 

FORTRAN is a language that does not allow recursion. For this reason, a 

call to the main executing routine of the CLUNIT executer can not be made 

with a new set of quadruples. Then, the simulator has to use an internal stack 

to save the the state of the unit being executed. This state includes the value of 

the pointers to the quadruple being executed and the last quadruple to be exe

cuted. Once these values are saved, the new pointers to the quadruples of the 

new unit are returned to the main routine. The main routine will get the old 

pointers from the stack once this unit is executed. 



When the user function has been 

is made in order to store the output of 

the routine assumes that all functions 

dered statements in their descriptions. 
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executed, a second call to this routine 

the unit into the temporary result. Here, 

executed through this routine have or-

Get Unit information 
and list of actuals 

I 
Check for bounds of 

the symbol 

Determine type of 
function (standard, 
primitive, or user 

fined) 

Call routine 
from MODULE 

Executer 

standard 
function 

primitive 
function Call routine 

from CLUNIT 
Executer 

user defined 
return to 

main executer 
return to 

main executer 

Get first and last 
quadruples for unit 

Put output of unit in 
temporary result 

return to 
main executer 

Save pointers to QTABLE 
for previous unit 

return new pointers 
to QTABLE to main 

xecute 

Figure 3.13 Flow chart of routine CE73T73. 
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3.2.2 CE33T34 routine. 

This routine is in charge of the execution of the IF statements and its 

flow chart is given in Figure 3.14. 

irst cal 

YES 

Relation ELSE 

YES YES 

return new pointers 
to QTABLE to main 

^— fixer.liter 

•eturn pointer to QTABLE for 
quadruple that follows last 

quadruple of IF statement^. 

Execute relation 

Save old pointers to 
QTABLE 

Locate statement 
description in IF Table 

Get operands of 
relation and 
relation type 

Get first and last 
quadruples for 

THEN statement 

Get first and last 
quadruples for 
ELSE statement 

Figure 3.14 Flow chart of CE33T34 routine. 
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In this routine, the result of the relation in the IF statement will deter

mine the set of quadruples that are returned to the main routine. If the result 

of the relation is true, the set of pointers to the quadruples enclosed by the 

THEN construct will be returned. Otherwise, the set of pointers to the quadru

ples enclosed by the ELSE construct will be returned. If no ELSE construct ex

ists for the current IF statement, a pointer to the quadruple following the last 

quadruple of the IF statement is returned. 

This routine will be called twice for each IF statement and in the second 

time a pointer to the quadruple following the last quadruple of the IF state

ment will be returned. 

The input to this routine will be a quadruple containing a pointer to the 

IF Table for the description of the statement. 

When this routine returns a new set of quadruples, it uses the internal 

stack to save the values of the old pointers to the QTABLE. The main executing 

routine of the CLUNIT parser is in charge of getting back these pointers once 

the quadruples of the IF statement are executed. 

3.2.3 CE35T35 routine. 

This routine is in charge of the execution of a FOR construct. The input 

to this routine is a quadruple containing a pointer to the FOR Table where the 

information of the construct is stored. 

Figure 3.15 shows the flow chart for this routine. From the figure we 

can see that this routine will be called several times until the value of the in

dex variable is out of the limits given by the initial and last values. The value 

of the index variable will be increased or decreased with increments of the 

size of the step value. 



'irst cal 

YES 

return new pointers 
to QTABLE to main 

s>»»— executer—<*** 

^"return pointer to > 
quadruple that follows last 
•^quadruple of FOR Iood^. 

YES x variable 
Xin bound! 

Get index variable 
and initial value 

variable 

Save old pointers to 
QTABLE 

Locate statement 
description in FOR Table 

Get first and last 
quadruples for 
FOR statement 

Increment index 
variable by value 
of step increment 

Figure 3.15 Flow graph of routine CE35T35. 
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While the value of the index variable is between the limits of the initial 

and last values, the quadruples . enclosed by the for construct will be returned. 

Otherwise, the quadruple following the last quadruple of the FOR construct will 

be returned. 

When this routine returns the pointers for the first and last quadruples 

of the FOR construct it will first save the old values of these pointers. The main 

executing routine is in charge of getting back this pointers. 

3.3 Concluding remarks. 

This chapter has given a complete description of the changes made in 

the simulator in order to simulate Combinational Logic Unit descriptions. 

Many details concerning the internal structure of the simulator have 

been left out in order to put more emphasis in the portions of the simulator 

that are related to the simulation of unit descriptions. However, by the end of 

this chapter the reader should have a general idea of the organization of the 

simulator. 

This chapter should be complemented with the system's manual of ref

erence 12 which provides a more detailed description of the routines used to 

simulate module descriptions. 

The source code of the new simulator is well documented and those rou

tines not mentioned in this chapter can be easily understood from the code. 
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CHAPTER 4 

EXAMPLES 

This chapter will include several examples of Combinational Logic 

Units. The examples will have a brief description of their operation and only 

the first example will include the execution tables. 

The first two examples give the complete description of a module multi

plier and a unit multiplier. They will be used to illustrate the use of Combina

tional Logic Unit descriptions in the design. Another example will have four 

different descriptions of the same unit and will be used to discuss the effect of 

the design in the simulation time. The rest of the examples will be only the de

scription of different Combinational Logic Units. 

4.1 A module multiplier. 

Figure 4.1 shows the module description for a 4-bit multiplier. The mul

tiplier receives the operands through an external bus called INPUTBUS. The 

data on this bus will be valid when an external input line, called dataready, is 

set to one. Once the input operands have been received the multiplier keeps set 

a register flag, called busy, through the whole operation to indicate a busy sta

tus. 

When the multiplier finishes the operation it outputs the result and 

sends a signal indicating that the output is valid (done). It also resets the busy 

register flag. 

The multiplier of Figure 4.1 uses two Combinational Logic Units, called 
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Adder and Incrmt, to execute the multiplication process. The description of 

these units is given in Figures 4.2 and 4.3. 

AHPLMODULE: Multiplier. 
MEMORY: AC1[4]; AC2[4]; COUNT[2]; EXTRA[5]; busy. 
EXINPUTS: dataready. 
EXBUSES: INPUTBUS[8]. 
OUTPUTS: RESULT[8]; done. 
CLUNITS: INC[2] <: Incrmt {2}. 
CLUNITS: ADD[5] <: Adder {4}. 

1 AC1.AC2 <= INPUTBUS; EXTRA <= 5$0; 
=> (A dataready )/(l). 

2 busy <= \1\; 
=> (AAC1[3] )/(4). 

3 EXTRA <= ADD(EXTRA[1:4]; AC2). 

4 EXTRA, AC1 <= WX, EXTRA, AC1[0:2]; 
COUNT <= INC(COUNT); 
=> (A(&/COUNT) )/(2). 

5 RESULT = EXTRA[1:4], AC1; 
DONE = \1\ 
BUSY <= \0\ 
=> (1). 

ENDSEQUENCE 
CONTROLRESET(l). 

END. 

Figure 4.1 Description of the AHPL module Multiplier. 

Figure 4.2 describes two units that are used together to execute the addi

tion of two registers. The unit Adder is a variation of the n-bit ripple-carry 

adder of example 5.3 of reference 6. This unit receives two operands of size n 

and outputs the addition of the two operands with an output of size n+1. The 

unit Fulladder is also a variation of the full adder of example 5.2 in reference 6. 

This unit executes the addition of three input bits, and the output will have the 

values of the sum and the carry-bit. 
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The invokation of the units in both the module Multiplier and the unit 

Adder have been highlighted for easy localization. 

CLU: Adder(OPl; OP2) (i). 
INPUTS : OPl[i]; OP2[i]. 
OUTPUTS : S[i+1]. 
CLUNITS : BITADDER[2] <: Fulladder. 
CTERMS : C[i+1]. 
BODY 

C[i] = NflS; 
FOR m=i-l TOO CONSTRUCT 

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

END. 

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

00[1] = cc @ bl @ b2; 
00[0] = +/( cc&bl, bl&b2, b2&cc). 

END. 

Figure 4.2 Description of CLUNITS Adder and Fulladder. 

Figure 4.3 gives the description of an incrementer of size n. Its function 

is to increment an input value and to output the incremented value. 

CLU: Incrmt (X) {i). 
INPUTS : X[i]. 
OUTPUTS: Y[i]. 
CTERMS : RESULT[i]; CARRY[i-l], 
BODY 

CARRY[i-2], RESULT[i-l] = X[i-1], AX[i-l]; 
FOR j = i-2 TO 0 CONSTRUCT 

RESULT[j] = CARRYIj] @ X[j]: 
IF j <> 0 THEN 

CARRYIj-1] = CARRYIj] & X[j] 
FI 

ROF; 
Y = RESULT. 

END. 

Figure 4.3 Description of the CLUNIT Incrmt. 



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

communication file with the description of the input values. This file will in

clude also the information required to determine what is to be shown in the 

output of the simulator. Figure 4.4 shows the description of this file. 

OPTION 1. 
CLOCKLIMIT 33. 
EXLINES INPUTBUS = '37, '36, '35, 'B7, '32#4, 'B2, '32#5, 'BF, '13, 

•98, 'D9, '13, DA, '10, '00; 
DATAREADY = 0#3, 1, 0# 13, 1, 0. 

OUTPUTS DATAREADY; INPUTBUS; BUSY; EXTRA; AC1; AC2; COUNT; 
DONE; RESULT. 

Figure 4.4 Communication file for the AHPL module Multiplier. 

Option 1 is used to generate the output of the executable tables. Clock-

limit gives the maximum number of clock pulses that will be simulated. The 

external input INPUTBUS will have several values throughout the simulation, 

but only the value that is valid when the input line DATAREADY is one will be 

used by the module. From Figure 4.4 we can see that this will occur at the third 

clock pulse. The output of the simulation will show the binary values of the 

symbols listed under OUTPUTS in Figure 4.4. 

Figure 4.5 shows a partial description of the output values of the sym

bols of the module Multiplier. In this figure the operands and the result have 

been enclosed with rectangles for easy localization. Notice how the elements 

given in OUTPUTS in Figure 4.4 are described in the same order in the output of 

the simulation. This figure only shows the necessary number of clock cycles 

in order to describe the first multiplication. 

The values of the operands are given in clock cycle number four when 

the value of DATAREADY is one. The two operands have values of 11 and 7 (or 



1011 and 0111 in binary). The multiplication of these two number will give a 

result of 77 ( or 1001101 in binary) which is shown in clock cycle number 16. 

DATAREAD 
1 INPUTBUS 
1 1 BUSY 
1 
1 
1 

1 1 
1 1 
1 1 

EXTRA 
1 

.1 
ACl 
1 AC2 

1 1 1 1 1 1 COUNT 
1 1 1 1 1 1 1 DONE 
1 1 1 1 1 1 1 1 RESULT 

CLOCK# 1 1 1 1 1 1 1 1 
1 0 00110111 0 00000 0000 0000 00 0 00000000 
2 0 00110110 0 00000 0011 0111 00 0 00000000 
3 0 00110101 0 00000 0011 0110 00 0 00000000 
4 nil ioi lom io 00000 0011 0101 00 0 00000000 
5 0 00110010 0 000001 1011 011l| 00 0 00000000 
6 0 00110010 1 00000 1011 0111 00 0 00000000 
7 0 00110010 1 00111 1011 0111 00 0 00000000 
8 0 00110010 1 00011 1101 0111 01 0 00000000 
9 0 10110010 1 00011 1101 0111 01 0 00000000 

10 0 00110010 1 01010 1101 0111 01 0 00000000 
1 1 0 00110010 1 00101 0110 0111 10 0 00000000 
1 2 0 00110010 1 00101 0110 0111 10 0 00000000 
1 3 0 00110010 1 00010 1011 0111 11 0 00000000 
1 4 0 00110010 1 00010 1011 0111 11 0 00000000 
15 0 10111111 1 01001 1011 0111 11 0 00000000 
16 0 00010011 1 00100 1101 0111 ool i oiooiioi1 
17 0 10011000 0 00100 1101 0111 00 0 00000000 

Figure 4.5 Partial output for the simulation of the module Multiplier. 

The above, design was inputted to the simulator and the output is given 

in listing 4.1. This list includes the set of execution tables given in Chapter 3. 

The listing of these table includes comments to describe their usage. 



AHPL CIRCUIT DESCRIPTION MODULEAJNIT NUMBER 1: 

1 AHPLMODULE: Multiplier. 
2 MEMORY : AC1[4]; AC2[4]; COUNT[2]; EXTRA[5]; busy. 
3 EXINPUTS: dataready. 

4 EXBUSES : INPUTBUS[8]. 
5 OUTPUTS : RESULT[8]; done. 
6 CLUNITS : INC[2] <: Incrmt (2). 
7 CLUNITS: ADD[5] <: Adder {4}. 
8 
9 1 AC1, AC2 <= INPUTBUS; 

10 EXTRA <= 5$0; 
11 => C^datareadyVCl). 
12 
13 2 busy <= \1\ 
14 => (AACl[3])/(4). 
15 
16 3 EXTRA <= ADD(EXTRA[1:4]; AC2). 
17 
18 4 EXTRA, AC 1 <=N0\ EXTRA, AC 1 [0:2]; 
19 COUNT <= INC(COUNT); 
20 => (A{&/COUNT))/(2). 
21 
22 5 RESULT = EXTRA[1:4], AC1; 
23 done = \1\; 
24 busy <= N0\ 
25 => (1). 
26 
27 ENDSEQUENCE 
28 CONTROLRESET(l). 
29 END. 
30 

AHPL CIRCUIT DESCRIPTION MODULEAJNIT NUMBER 2: 

31 - CLU: Adder(OPl; OP2) (i). 
32 INPUTS : OPlfi]; OP2[i], 
33 OUTPUTS: S[i+1]. 
34 CLUNITS: BITADDER[2] <: Fulladder. 
35 CTERMS : C[i+1], 
36 BODY 
37 C[i]=\CN 
38 FOR j=i-l TOO CONSTRUCT 
39 CO], S[j+1] = BITADDER(C[j+l]; OPl[j]; OP2[j]) 
40 ROF; 
41 S[0]=C[0]. 
42 END. 
43 

Listing 4.1 HPSIM2 output for the multiplier example. 
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AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 3: 

44 CLU: Fulladder(cc;bl ;b2). 
45 INPUTS : cc;bl;b2. 
46 OUTPUTS: 00[2]. 
47 BODY 
48 00[l]=cc @ bl @ b2; 
49 00[0]»4-/(oc&bl, bl&b2, b2&cc). 

50 END. 
51 
52 

AHPL CIRCUIT DESCRIPTION MODULE/UNIT NUMBER 4: 

53 CLU: Incrmt(X) (i). 
54 INPUTS : X[i]. 
55 OUTPUTS: Y[i]. 
56 CTERMS : RESULT[i];CARRY[i-l], 
57 BODY 
58 CARRY[i-2], RESULT[i-l] = X[i-1], AX[i-l]; 
59 FOR j=i-2 TO 0 CONSTRUCT 
60 RESULTIj] = CARRYIJ] @ X[j]; 
61 IF joO THEN 
62 CARRYIJ-1 ] = CARRYIJ] & X[j] 
63 F1 
64 ROF; 
65 Y = RESULT. 
66 END. 

HPSIM COMMUNICATION SECTION FOR THE ABOVE MODULES DATE: 

67 OPTION 1. 
68 CLOCKLIMTT 33. 

69 EXLINES INPUTBUS = '37,,36,'35,,B7,,32#4,,B2,,32#5,,BF,,13,'98, 
70 TO.'IS.'DA.'IO.'OO; 
71 DATAREADY = 0#3,1,0#13,1,0. 

72 OUTPUTS DATAREADY; INPUTBUS; BUSY; EXTRA; ACl; AC2; COUNT; DONE; 
73 RESULT. 
74 
75 

Listing 4.1 (Continued) 
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TABLE OF TEMPORARY SYMBOLS (TOTS) 

ROW# CODE PROD OPND1 OPND2 

1 -3 0 0 2 
2 -3 0 0 4 
3 -1 4 1 1 
4 -1 4 1 2 
5 1 8 1 42 
6 -1 8 1 3 
7 -1 5 1 4 
8 -2 5 1 50 
9 -1 1 1 5 
10 -2 1 1 55 
11 5 5 0 
12 -1 1 1 6 
13 7 7 0 
14 -2 1 1 56 
15 -1 1 1 7 
16 -2 1 1 57 
17 9 9 0 
18 -1 4 1 9 
19 11 11 0 
20 -1 5 1 8 
21 -2 5 1 58 
22 14 9 1 63 
23 15 15 0 
24 -2 1 1 72 
25 -2 6 1 73 
26 -1 3 1 1 0 
27 -2 9 1 79 
28 -1 2 1 1 1 
29 -1 2 1 1 2 
30 -2 2 1 88 
31 -2 1 1 90 
32 -2 1 1 91 
33 22 22 0 
34 -1 8 1 1 3 
35 -2 8 1 92 
36 -1 1 1 14 
37 26 26 0 
38 -2 1 1 100 
39 27 27 0 
40 -2 1 1 101 
41 28 28 0 
42 30 30 0 
43 -1 1 1 15 

<- First symbol for module Multiplier 

<- Last symbol for module Multiplier 
<- First symbol for unit Adder 

Listing 4.1 (Continued) 



45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

8 0  
-1 1 1 16 
30 30 0 0 
-1 1 1 1 7 
-3 0 0 1 
-2 0 0 0 
-1 1 1 18 
-3 1 1 0 
-2 1 1 0 
-2 0 0 0 
-1 1 1 19 
-1 1 1 20 
-2 0 0 0 
-1 1 1 21 
37 0 0 0 
-1 1 1 22 
-1 1 1 23 
38 39 0 0 
-1 1 1 24 
-1 1 1 25 
-2 0 0 0 
-1 1 1 26 
-1 1 1 27 
-1 1 1 28 
-1 1 1 29 
43 44 0 0 
-1 1 1 30 
-1 1 1 31 
-1 1 1 32 
-1 1 1 33 
-2 0 0 0 
-1 1 1 34 
-2 0 0 0 
-1 1 1 35 
-2 0 0 0 
-2 0 0 0 
-2 0 0 0 
-2 0 0 0 
-2 0 0 0 
-2 0 0 0 
-1 1 1 36 
-1 1 1 37 
-2 0 0 0 
-2 0 0 0 
-1 1 1 38 
-1 1 1 39 
57 0 0 0 
-1 1 1 40 
-2 0 0 0 

<- Last symbol for unit Adder 
<- First symbol for unit Fulladder 

<- Last symbol for unit Fullader 
<- First symbol for unit Incrmt 

Listing 4.1 (Continued) 



92 -2 0 0 0 
93 -1 1 1 4 1 
94 -1 1 1 42 
95 -1 1 1 43 
96 -1 1 1 44 
97 -2 0 0 0 
98 -2 0 0 0 
99 -1 1 1 45 
100 -2 0 0 0 
101 : -1 1 1 46 
102 : -1 1 1 47 

8  1  

<- Last symbol for unit Incrmt 

SYMBOL REFERENCE TABLE (SRT) 

ROW# SYMBOL TYPE COLS ROWS CLL CUL RLL RUL DEL 

1 AC1 39 4 1 0 3 0 0 1 
2 AC2 39 4 1 0 3 0 0 1 
3 INPUTBUS 59 8 1 0 7 0 0 1 
4 EXTRA 39 5 1 0 4 0 0 1 
5 DATAREAD 45 1 1 0 0 0 0 1 
6 BUSY 39 1 1 0 0 0 0 1 
7 AC1 39 4 1 3 3 0 0 5 
8 ADD 57 5 1 0 0 0 0 1 
9 EXTRA 39 5 1 1 4 0 0 5 
10 AC1 39 4 1 0 2 0 0 5 
11 COUNT 39 2 1 0 1 0 0 1 
12 INC 57 2 1 0 0 0 0 1 
13 RESULT 41 8 1 0 7 0 0 1 
14 DONE 41 1 1 0 0 0 0 1 
15 OP1 40 46 47 0 0 0 0 0 
16 OP2 40 46 47 0 0 0 0 0 
17 I 35 0 0 0 0 0 0 0 
18 C 73 48 47 46 46 0 0 5 
19 J 35 0 0 0 0 0 0 0 
20 C 73 48 47 53 53 0 0 5 
21 S 41 48 47 55 55 0 0 5 
22 c 73 48 47 55 55 0 0 5 
23 OP1 40 46 47 53 53 0 0 5 
24 OP2 40 46 47 53 53 0 0 5 
25 BITADDER 57 1 47 0 0 0 0 1 
26 S 41 48 47 50 50 0 0 5 
27 c 73 48 47 50 50 0 0 5 
28 cc 40 47 47 0 0 0 0 0 
29 B1 40 47 47 0 0 0 0 0 
30 B2 40 47 47 0 0 0 0 0 

1 <- Mult 
5 
9 
1 7 
22 
23 
1 
- 3 
1 7 
1 
29 
- 2 

33 
4 Mult 

Adder 

<- Adder 
<- Full ad 

Listing 4.1 (Continued) 



8 2  
31 OO 41 1 47 47 47 0 0 5 - 1 
32 CC 40 47 47 0 0 0 0 1 - 1 
33 B1 40 47 47 0 0 0 0 1 - 1 
34 B2 40 47 47 0 0 0 0 1 - 1 
35 OO 41 1 47 50 50 0 0 5 -1 
36 X 40 84 47 0 0 0 0 0 -1 
37 I 35 0 0 0 0 0 0 0 - 1 
38 CARRY 73 85 47 86 86 0 0 5 - 1 
39 RESULT 73 84 47 85 85 0 0 5 - 1 
40 X 40 84 47 85 85 0 0 5 - 1 
41 J 35 0 0 0 0 0 0 0 - 1 
42 RESULT 73 84 47 93 93 0 0 5 - 1 
43 CARRY 73 85 47 93 93 0 0 5 - 1 
44 X 40 84 47 93 93 0 0 5 - 1 
45 CARRY 73 85 47 98 98 0 0 5 - 1 
46 Y 41 84 47 0 0 0 0 1 - 1 
47 RESULT 73 84 47 0 0 0 0 1 -1 Incrmt 

CLUNIT SYMBOL TABLE (CST) 

ROW# MOD/CLU# #ACTL1 #ACTL2 ACTL2P CRTR# PNTR 

1 
1 
2 

1 
1 
0 

1 
2 
0 

1 
2 
3 

31 
24 
-1 

ROW# SYM 

CLUNIT REFERENCE TABLE (CRT) 

#F1 #F2 F1P F2P FQT LQT FSRT LSRT FTOTS LTOTS FLAG 

1: INCRMT 1 1 83 84 55 68 36 47 83 102 0 
2: ADDER 2 1 45 46 30 42 15 27 43 65 0 

3: FULLADDE 3 0 68 0 43 54 28 35 66 82 0 

QUADRUPLE TABLE (QTABLE) 

ROW# PROD OPND1 OPND2 RESULT 

1: 20 4 3 5 
2: 16 6 5 0 
3: 16 8 7 0 
4: 33 0 9 10 

<- First quadruple for module Multiplier 

Listing 4.1 (Continued) 



0 
0 
0 
1 6  
0 
0 
0 
2 1  
0 
2 2  
25 
27 
0 
30 
0 
3 1 
32 
0 
0 
35 
0 
0 
0 
0 
0 
0 
48 
0 
0 
52 
0 
55 
57 
39 
0 
63 
0 
0 
44 
0 
73 
75 
0 
77 
78 
79 
80 
8 1  

<- invoke ADD 

<- invoke INC 

<- Last quadruple module Multiplier 
<- First quadruple unit Adder 
<- production 8, code 1 for plus sign 

<- production 8, code 2 for minus sign 
<- For loop starts 

<- invoke BIT ADDER 
<- For loop ends 
<- Last quadruple of unit Adder 
<- First quadruple of unit Fulladder 

4.1 (Continued) 



53 63 0 81 82 
54 42 82 76 0 <- last quadruple unit Fulladder 
55 82 47 84 85 <- First quadruple unit Incrmt 
56 82 1 84 86 
57 45 88 87 89 
58 71 0 90 91 
59 59 91 90 92 
60 42 92 89 0 
61 35 2 0 0 <- For loop starts 
62 61 96 95 97 
63 42 97 94 0 
64 33 1 0 0 <- If statement starts 
65 82 47 93 98 
66 69 96 95 100 
67 42 100 99 0 <- If statement ends <- For loop ends 
68 42 102 101 0 <- Last quadruple of unit Incrmt 
69 5 55 0 0 <- First quadruple from communication 
70 5 54 0 0 file 
71 5 53 0 0 
72 5 183 0 0 
73 8 50 40004 0 
74 5 178 0 0 
75 8 50 50005 0 
76 5 191 0 0 
77 5 19 0 0 
78 5 152 0 0 
79 5 217 0 0 
80 5 19 0 0 
81 5 218 0 0 
82 5 16 0 0 
83 5 0 0 - 1 
84 8 0 30003 0 
85 5 1 0 0 
86 8 0 130013 0 
87 5 1 0 0 
88 5 0 0 - 1 <- Last quadruple from communication 

file 

STEP, QTABLE RELATION TABLE (SQRT) 

ROW# MOD# STEP# LOW-Q UP-Q ND 

1 1 1 1 6 0 
2 1 2 7 10 0 
3 1 3 11 13 0 
4 1 4 14 23 0 
5 1 5 24 29 0 
6 1 0 30 29 0 

Listing 4.1 (Continued) 



NEXT EXECUTABLE STEPS TABLE (NEST) 

ROW# MOD# STEP# ND NEXTl NEXT2 NEXT3 NEXT4 NEXT5 

1 :  1 0  0 0 0 0 0  0  
2: 1 1 0 0 0 0 0 0 

EXLINE NAME AND REFERENCE TABLE (EXLIST) 

ROW# PTR COL QPTR 

1: 9 8 69 
2: 22 1 84 

FOR TABLE (FOR) 

ROW# SYMBOL IVALP LVALP STEPP LOW-Q UP-Q 

1: J 52 50 0 36 41 
2: J 86 50 0 62 67 

IF TABLE (IF) 

ROW# SYMBOL RELTYPE EXPP TLOW-Q TUP-Q ELOW-Q EUP-Q 

1: J 2 50 65 67 0 0 

: COMPILING DONE, EXECUTION NEXT ::::: 

: EXECUTION WILL STOP AFTER 33 CLOCK PULSES ::::: 

Listing 4.1 (Continued) 



AHPL FUNCTION LEVEL SIMULATOR OUTPUT IS LISTED BELOW: 

CLOCK # 
I DATAREAD 

INPUTBUS 
BUSY 

I EXTRA 
I I 
I I 

I I 

AC1 
I 

I 
AC2 
I COUNT 

I DONE 
I I RESULT 

1 
01 

1 
0 

1 
00110111 

1 1 
0 00000 

1  I I I  
0000 0000 00 0 00000000 

02 0 00110110 0 00000 0011 0111 00 0 00000000 
03 0 00110101 0 00000 0011 0110 00 0 00000000 
04 1 10110111 0 00000 0011 0101 00 0 00000000 
05 0 00110010 0 00000 1011 0111 00 0 00000000 
06 0 00110010 1 00000 1011 0111 00 0 00000000 
07 0 00110010 1 00111 1011 0111 00 0 00000000 
08 0 00110010 1 00011 1101 0111 01 0 00000000 
09 0 10110010 1 00011 1101 0111 01 0 00000000 
10 0 00110010 1 01010 1101 0111 01 0 00000000 
11 0 00110010 1 00101 0110 0111 10 0 00000000 
12 0 00110010 1 00101 0110 0111 10 0 00000000 
13 0 00110010 1 00010 1011 0111 11 0 00000000 
14 0 00110010 1 00010 1011 0111 11 0 00000000 
15 0 10111111 1 01001 1011 0111 11 0 00000000 
16 0 00010011 1 00100 1101 0111 00 1 01001101 
17 0 10011000 0 00100 1101 0111 00 0 00000000 
18 1 11011001 0 00000 1001 1000 00 0 00000000 
19 0 00010011 0 00000 1101 1001 00 0 00000000 
20 0 11011010 1 00000 1101 1001 00 0 00000000 
21 0 00010000 1 01001 1101 1001 00 0 00000000 
22 0 00000000 1 00100 1110 1001 01 0 00000000 
23 0 00000000 1 00100 1110 1001 01 0 00000000 
24 0 00000000 1 00010 0111 1001 10 0 00000000 
25 0 00000000 1 00010 0111 1001 10 0 00000000 
26 0 00000000 1 01011 0111 1001 10 0 00000000 
27 0 00000000 1 00101 1011 1001 11 0 00000000 
28 0 00000000 1 00101 1011 1001 11 0 00000000 
29 0 00000000 1 01110 1011 1001 11 0 00000000 
30 0 00000000 1 00111 0101 1001 00 1 01110101 
31 0 00000000 0 00111 0101 1001 00 0 00000000 
32 0 00000000 0 00000 0000 0000 00 0 00000000 
33 0 00000000 0 00000 0000 0000 00 0 00000000 

PROGRAM REACHED THE CLOCKLIMIT. INTERPRETER STOPS 

Listing 4.1 (Continued) 
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4.2 A unit multiplier. 

In this section the construction of a Combinational Logic Unit that is 

used to multiply two numbers will be described. This description will illustrate 

the use of a Combinational Logic Unit that is not included in the set of standard 

functions. 

A binary multiplication of two 4-bit numbers is illustrated in Figure 4.6. 

This example will be used to construct the description of 4-bit multiplier. 

15 x 1 1 1 1  x  

13 1101 
45 

15 + 
1111 + 

0000 
195 0111 1 + 

1 1 1 1  

(a) 1001011+ 
1 1 1 1  

1 1000011 

1001011+ 
1 1 1 1  

1 1000011 

(b) 

Figure 4.6 Examples of decimal and binary multiplication. 

Figure 4.6b has some of the bits of the result of each addition high

lighted. These bits represent the bits on which no operation is done once ob

tained and they stay the same in the final result. This fact is used to construct 

the logic description for a 4-bit multiplier given in Figure 4.7. 

Figure 4.7 represents the logic used in a 4-bit multiplier whose inputs 

are OP1 and OP2. Each bit of OP2 is ANDed with all the bits of OP1 to represent 

the multiplication given in Figure 4.6b. Notice the use of labels in the figure 

which will represent the CTERMS in the AHPL description of the unit. The de

scription on this figure uses three adders that can be another unit description 

or a standard function. Notice also how the bits of the final result are obtained 

which is similar to the bits highlighted in Figure 4.6b. 
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0, OPl 

OP2[3] f 

L»>| AND | 

TA<0>=SUM<0> 

OPl OPl 

2[0] ^|f OP2[l] ^ 

AND | AND | AND 

OPl 

OP2[2] 

TA<1> 

SUM<1> 

TA<2> 

SUM<2> 

TA<3> 

SUM<3>. 

ADD 

ADD 

ADD 

R[0:3] R[4:7] 

Figure 4.7 Block description for a 4-bit multiplier. 

From the description of Figure 4.7 we can write an AHPL description of a 

4-bit multiplier and an n-bit multiplier. This is illustrated in Figure 4.8a and b. 

CLU: Mult(OPl; OP2). CLU: Mult(OPl; OP2) (n). 
INPUTS : OPl[4]; OP2[4]. INPUTS : OPl[n]; OP2[n]. 
OUTPUTS: R[8]. OUTPUTS: R[2*n]. 
CTERMS : TA<4>[4]; SUM<4>[4], CTERMS : TA<n>[n]; SUM<n>[n]. 
CLUNITS : ADD[5] <: Adder (4). CLUNITS : ADD[n+l] <: Adder {n}. 
BODY BODY 

TA<0>, R[7] = NO\(OP1 & OP2[3]); 
TA<1> = OPl & OP2[2]; SUM<0>, R[2*n-1] = NO\,(OP1 & OP2[n-l]); 
SUM<1>, R[6] = ADD(TA<0>; TA<1>); 

FOR i=l TO n-1 CONSTRUCT 
TA<2> = OPl & OP2[l]; TA<i> = OPl & OP2[n-i-l]; 
SUM<2>, R[5] = ADD(SUM<1>; TA<2>); SUM<i>, R[2*n-i-l] = ADD(SUM<i-l>; TA<i>) 

ROF; 
TA<3> = OPl & OP2[0]; 
SUM<3>, R[4] = ADD(SUM<2>; TA<3>); R[0:n-1] = SUM<n-l>. 

R[0:3] = SUM<3>. END. 
END. 

(a) (b) 

Figure 4.8 AHPL descriptions for a 4-bit and an n-bit multipliers. 
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Figure 4.8b describes an n-bit multiplier for n > 2. Notice that the output 

of a multiplier is always two times the size of the input arguments. 

The description of the module multiplier given in the previous section 

has been changed to the description of Figure 4.9a. This figure gives a simpler 

version that uses the unit description of the multiplier given above. This mod

ule executes the multiplication in four clock periods while the module of the 

previous section requires up to 12 clock periods. 

Figure 4.9b describes a module that uses an n-bi.t multiplier to execute 

the operation of XAn. This module gets a 16-bit number with an exponent value 

of n, where n < 7. If the exponent value is 0, the output of the module will be a 

1. If the exponent value is 1, the output will be the same number. For exponent 

values of 2 < n < 7, XAn will be returned. 

The module description of Figure 4.9b uses a 16-bit precision. The result 

of each multiplication is stored in two 16-bit registers called TEMPI and TEMP2. 

Results that require more than 16-bits are shifted to the right until the value 

of TEMPI is 0. This is done in order to obtain a 16-bit number that will be used 

in the next multiplication. For each shift a register (CH) is incremented as 

shown in step 5 of Figure 4.9b. The output of this module will be a 32-bit num

ber (RESULT) with an exponent value (CHAR), which gives the number of 

places that the intermediate results were shifted to the right. 

Notice that the module description of Figure 4.9b uses two standard 

functions (INC, and DEC) which can be substituted by their respective unit de

scriptions. This module is used only to illustrate the use of the unit description 

MULT and the descriptions of INC and DEC will not be given here. 
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AHPLMODULE: Multiplied. AHPLMODULE: XtotheN. 
MEMORY : AC1[4]; AC2[4]; EXTRA[8]; busy. MEMORY : NUM[16]; N[3]; busy. 
EXINPUTS : dataready. MEMORY : TEMPI [16]; TEMP2[16]; CH[12]. 
EXBUSES : INPUTBUS[8]. EXINPUTS : EXPONENT[3]; dataready. 
OUTPUTS : RESULT[8]; done. EXBUSES : INPUTBUS[16]. 
CLUNITS : MULT[8] <: Mult (4). OUTPUTS : RESULT[32]; CHAR[12]; done. 

CLUNITS : INC[12]; DEC[3]. 
1 AC1, AC2 <= INPUTBUS; CLUNITS : MULT[32] <: Mult (16). 

=> (Adataready)/(1). 
1 NUM <= INPUTBUS; 

2 busy <= \1\. TEMP2 <= INPUTBUS; 
N <= EXPONENT; 

3 EXTRA <= MULT(AC 1; AC2). => (Adataready)/(1). 

4 RESULT = EXTRA; 2 busy <= \1\ 
done = \1\ TEMPI <= 16$0; 
busy <= \0\; CH <= 12$0; 

=> (1). N <= DEC(N); 
=>( a(+/n), (A<+/N[0:1])&N[2]) )/(7,6). 

ENDSEQUENCE 
CONTROLRESET (1). 3 TEMPI, TEMP2 <= MULT(TEMP2; NUM); 

END. N <= DEC(N). 
(a) 

4 =>( A(+/N), (+/N&A(+/TEMP1)) )/(6,3). 

5 TEMP2 <= TEMPI [15], TEMP2[0:14]; 
TEMPI <= N0\ TEMPI[0:14]; 

CH <= INC(CH); 
=> (4). 

6 RESULT = TEMPI,TEMP2; 
CHAR = CH; 

done = \l\ 
busy <= ^X)\ 

=> (l). 

7 RESULT = 16$0,16$1; 
CHAR = 12$0; 
done = \l\ 
busy <= V)\ 

=> (1). 

ENDSEQUENCE 
CONTROLRESET(l). 

END. 
(b) 

Figure 4.9 AHPL descriptions for modules Multiplier and XtotheN. 
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4.3 Effects of the unit design in the simulation time. 

In this section a Combinational Logic Unit will be used to describe the 

effects of the design in the simulation time. The unit used is an incrementer of 

size n-bits. Four different descriptions of this units are used to help in the dis

cussion of this section. 

Figure 4.10 shows four different descriptions of an incrementer. These 

descriptions were used with the module descriptions of Figure 4.11 which are 

just dummy modules used to test the incrementers. 

CLU: Inctstl(OP) (i). CLU: Inctst2(OP) (i). 
INPUTS : OP[i]. INPUTS : OP[i]. 
OUTPUTS : TERMOUT[i], OUTPUTS : TERMOUT[i]. 
CTERMS : TA[i], CTERMS : TA[i]. 
BODY BODY 

FOR j = i-1 TO 0 CONSTRUCT TA[i-l] = \1\ 
IF j = i-1 THEN FOR j = i-2 TO 0 CONSTRUCT 

TA[j] = \1\ TA[j] = OP[j+l] & TAU+1] 
ELSE ROF; 

TA[j]=OP[j+l] & TA[j+l] FOR j = 0 TO i-1 CONSTRUCT 
F1 TERMOUTIj] = OP[j] @ TA[j] 

ROF; ROF. 
FOR j = 0 TO i-1 CONSTRUCT END. 

TERMOUTIj] = OP[j] @ TA[j] 
ROF. 

END. 

CLU: Inctst3(OP) (i). CLU: Inctst4(OP) {i}. 
INPUTS : OP[i]. INPUTS : OP[i]. 
OUTPUTS : TERMOU1 [i]. OUTPUTS : TERMOUTfi]. 
CTERMS : TA[i]. CTERMS : RESULT[i];CARRY[i-l], 
BODY BODY 

TA[i-l] = \1\ CARRY[i-2],RESULT[i-l] = OP[i-l],*OP[i-l]; 
FOR j = i-2 TO 0 CONSTRUCT FOR j = i-2 TO 0 CONSTRUCT 

TA[j] = OPjj+1] & TA[j+l]; RESULT[j] = CARRY [j] @ OP[j]; 
TERMOUTIJ] = OF[j] @ TA(J] IF joO THEN 

ROF; CARRY[j-l ]=CARRY[j]&OP(j] 
TERMOUT[i-l] = OP[i-l] @ TA[i-l]. FI 

END. ROF; 
TERMOUT = RESULT. 

END. 

Figure 4.10 Four different descriptions of an Incrementer of size n-bits. 
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AHPLMODULE: Inctest4. AHPLMODULE: Inctestl6. 
EXINPUTS : X[4]; y. EXINPUTS : X[16]; y. 
MEMORY : REG[4], MEMORY : REG[16j. 
OUTPUTS : Z[4], OUTPUTS : Z[16]. 
CLUNITS : INC[4] <: InctstX {4}. CLUNITS : INC[16] <: InctstX (16). 

1 REG <= X; 1 REG <= X; 
=>(Ay)/0). =>(Ay)/d). 

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

ENDSEQUENCE ENDSEQUENCE 
CONTROLRESET (1); CONTROLRESET(l); 
Z = REG. Z = REG. 

END. END. 

Figure 4.11 Module descriptions used to test the different incrementers. 

Figure 4.11 shows two identical module descriptions except for the size 

of the registers. The unit declaration uses InctstX where X is one of the num

bers of the above unit descriptions. 

The communication section for the above modules is given in Figure 

4.12. 

OPTION 0. OPTION 0. 
CLOCKLIMIT 20. CLOCKLIMIT 20. 
EXLINES X = 'D#3, '0; EXLINES X = 'FFFD#3, '0000; 

ii p
 

-<
 

ii
 

p
 

OUTPUTS X; Y; REG;Z. OUTPUTS X; Y; REG; Z. 

Figure 4.12 Communication sections for the 4-bit and 16-bit multipliers. 

The module descriptions were tested using the above incrementers and 

also using a standard function. The results of the simulation times is given in 

Table 4.1. 

Table 4.1 gives a good description on how the design of the unit affects 

the time of the simulation. The times given in this table are the average of 10 

simulations for the 4-bit version and 5 simulations for the 16-bit version. 
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4-bits 
16-bits 

Standard 
Function 

A B 

Incrementer 

4-bits 
16-bits 

Standard 
Function 

A B 

1 

A B 

2 

A B 

3 

A B 

4 

A B 

4-bits 
16-bits 

4.33 
5.48 

2.20 11.70 
2.20 26.87 

1.93 11.11 
1,93 25.28 

1.95 10.99 
1.95 24.81 

3.37 11.25 
3.37 25.73 

A. Time to compile Unit description (sec). 
B. Time to compile and execute both Module and Unit Descriptions (sec). 

Table 4.1 Simulation times for the n-bit incrementers. 

This table also shows the advantage of using standard functions in the de

sign since it takes a considerable length of time to simulate a unit description. 

The times given in Table 4.1 is for units with ordered statements. If any 

of the above unit descriptions is rearranged as a description with unordered 

statements, then the simulation time will increase considerably. 

4.4 Other examples of unit descriptions. 

In this section three examples of unit descriptions are given. The first 

and second examples are the descriptions of the units Decoder and Busfunc-

tion. The third example is an 8-bit Adder that uses the description of a Carry 

Look-Ahead Adder [6]. 

The descriptions of the units Decoder and Busfunction are given in Fig

ure 4.13. Both units are given in Chapter 4 of reference 6, but the unit Bus-

function of Figure 4.13 has been slightly changed. 

The description of the 8-bit adder is given in Figure 4.14. This unit uses 

three other units to execute the addition which are described in Figure 4.15. 

The description of the units of Figure 4.15 were copied from Chapter 14 of ref

erence 6. The 8-bit adder is a variation of the 16-bit adder of example 14.3 of 

reference 6. 



CLU: Busfunc(MEM; AA) {r; c}. CLU: Decoder(IN) {i}. 
INPUTS : MM<r>[c]; AA[r]. INPUTS : IN[i]. 
OUTPUTS : WORDOUT[c]. OUTPUTS : OUT[2Ai], 
CTERMS : CC<r>fc]. BODY 
BODY FOR m = 0 TO 2*i-l CONSTRUCT 
CC<0> = MM<0> & AA[0]; OUT[m] = TERM(m; IN) 
FOR n = 1 TO r-1 CONSTRUCT ROF. 
CC<n> = (MM<n> & AA[n]) + CC<n-l> END. 

ROF; 
BUSOUT = CC<r-l>. 

END. 
(a) (b) 

Figure 4.13 Description of units Busfunction and Decoder. 

CLU: ADDLA8(X;Y). 
INPUTS : X[8]; Y[8], 
OUTPUTS : TERMOUT[9]. 
CLUNITS : LA[6] <: CLA. 
CLUNITS : PG[2] <: PROPGEN. 
CLUNITS : SUMBIT <: SUM. 
CTERMS : G[8]; PFE]; C[9]; GG[2]; GP[2]; GC[3]. 
BODY 

FOR i = 0 TO 7 CONSTRUCT 
G[i], P[i] = PG(X[i]; Y[i]) 

ROF; 
FOR i = 0 TO 1 CONSTRUCT 

GG[i], GP[i], C[4*i+1: 4*i+4] = LA(G[4*i: 4*i+3]; P[4*i: 4*i+3]; GC[i+l]) 
ROF; 
GC[0] = GG[0] + GG[1] & GP[0]; 
GC[1] = GG[1]; 
GC[2] = \0\; 

TERMOUTfO] = GC[0]; 
FOR i = 0 TO 7 CONSTRUCT 

TERMOUT[i+l] = SUMBIT(P[i]; C[i+1]) 
ROF. 

END. 

Figure 4.14 Description of an 8-bit Adder using a Carry Look-Ahead Adder. 
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CLU: CLA(GEN; PROP; cin). CLU: PROPGEN(x; y). 
INPUTS : GEN[4]; PROP[4]; cin. INPUTS : x ; y. 
OUTPUTS : TERMOUT[6], OUTPUTS : TERMOUT[2]. 
CTERMS : A<4>[4]; CYSRC[4], BODY 
BODY TERMOUTtO] = x & y; 

CYSRC = GEN[1:3], cin; TERMOUTtl] = x & Ay + Ax & y. 
FOR j = 0 TO 3 CONSTRUCT END. 

FOR i = 0 TO 3-j CONSTRUCT (b) 
IF i = 0 THEN 

IF j = OTHEN CLU: SUM(prop; cin). 
A<j>[i] = &/PROP INPUTS : prop; cin. 

ELSE OUTPUTS : termout. 
A<j>[i] = &/(CYSRC[3-j], PROP[i:3-j]) BODY 

FI termout = prop & Acin + Aprop & cin. 
ELSE END. 

A<j>[i]=&/(CYSRC[3-j], PROP[i:3-j]) (c) 
FI 

ROF 
ROF; 
TERMOUTfO] = +/(GEN[0], A<1:3>[0]); 
TERMOUT[l] = A<0>[0]; 
FOR j=0 TO 2 CONSTRUCT 

TERMOUT[4-j] = +/(TRANS(A<0:j>[3-j]), CYSRC[2-j]) 
ROF; 
TERMOUT[5] = CYSRC[3]. 

END. 
(a) 

Figure 4.15 Description of units used by the 8-bit Adder of Figure 4.14. 

4.5 Concluding remarks. 

This chapter has provided a good description of the use of Combinational 

Logic Unit descriptions in the design of a Digital System. The examples given 

here illustrated the different features of the syntax for user defined units as 

well as the advantages and disadvantages of their use. 

In this chapter the use of a simple unit description was used to discuss 

the increase of simulation time when using user defined units. However, the 

more complex the design of the unit the more simulation time is required. Unit 

descriptions such as a Carry Look-Ahead Adder, with higher complexity, will 

take considerable more time than a Ripple-Carry Adder for example [6]. 
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The use of user defined units in the first stages of the design of a Digital 

System should be avoided whenever a standard function can be used instead. 

User defined units should be used at the last stages of the design. 
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SUMMARY AND CONCLUSION 

As pointed out in Chapter 1, the goal of designing HPSIM2_CL was to 

provide a more complete simulation system which allows the user to design 

and simulate Combinational Logic Units. From the development of the first 

four chapters one can conclude that this goal has been achieved. 

With the description of the syntax used in the simulator that was given 

in Chapter 2, the designer should be able to create a design that can be com

piled and executed by both the simulator and the hardware compiler. 

New improvements in the AHPL language will require new improve

ments in the simulator. Chapter 3 serves as support in future changes of the 

simulator or in the development of new simulators. The lack of documentation 

in the source code of any system represents a considerable amount of time 

spent in the understanding the internal structure. HPSIM2_CL is very well 

documented in the source code and with the aid of the HPSIM2 system's manual 

changes in the internal structure of the simulator can be easily implemented. 

However, new improvements or new simulators are recommended to be done 

in a structured programming language, such as "C" or PASCAL, which provide 

important features that facilitate the design of a simulator. Copies of the source 

code for HPSIM2_CL can be obtained through the University of Arizona Engi

neering Experiment Station. 
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All the examples of units and modules given through the four first 

chapters were run and tested in the simulator. With this, HPSIM2_CL has been 

proved to be a helpful tool in the design of digital systems. 
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TOKEN LIST FOR THE AHPL SIMULATOR HPSIM2_CL 



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 ang. bracket > 10 0 
Slash (Division sign) /  1 1 0 
Condition (Multip. sign) * 1 2 0 
Exclusive or @ 13 0 
Encode $ 1 4 0 
Left parenthesis ( 15 0 
Right parenthesis ) 16 0 
Left square bracket [ 1 7 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 t i  24 0 
And reduction & /  25 0 
Or reduction +  /  26 0 
Transfer «s= 27 0 
Branch =i> 28 0 
Double colon :: 29 0 
Program delimiter - 30 0 
Blank character 3 1 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 



Token Symbol Token Number Sub-Token 

Decoder DCD 48 DCD 
Complement NT 49 NT 
Control reset CONTROLRESET 50 CONTROLRESET 
Dead end step DEADEND 5 1 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 DEC 
Combinational logic unit CLUNTTS 57 CLUNITS 
Bus function BUSFN 58 BUSFN 
External bi-direct. lines EXBUSES 59 EXBUSES 
Associative logic ADD 60 ASSOC 
Comparator ADD 61 COMPARE 
Priority function INC 62 PRI 
Clock limit CLOCKLIMIT 63 CLOCKLIMIT 
External lines EXLINES 64 EXLINES 
Suppress SUPPRESS 65 SUPPRESS 
Initialize INITIALIZE 66 INITIALIZE 
All ALL 67 ALL 
Repeat REPEAT 68 REPEAT 
Option OPTION 69 OPTION 
Dump DUMP 70 DUMP 
Subtract SUB 7 1 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 8 1 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 =c 87 0 
Don't care value ? 88 0 
No actual parameter ?? 89 0 
Left curly bracket 1 90 0 
Right curly bracket ) 91 0 



APPENDIX B 

BNF GRAMMAR FOR COMBINATIONAL LOGIC UNITS 
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PROD 
# 

RFD 
# DESCRIPTION 

1 1 1 CLUDESCRIPTION -> clu : id ( INVOK2.LIST ) REFERENCE1 . 
CLUDECLARATIONS CLUSTATEMENT . 

2 3 INVOK2JLIST -> INVOK2_LIST ; id 
3 1 INVOK2_LIST -> id 
4 3 REFERENCE1 -> [ PARAMETER.LIST ) 
5 0 REFERENCE 1 -> epsilon 
6 3 PARAMETER JLIST -> PARAMETER_L1ST ; EXPRESSION 
7 1 PARAMETER_LIST -> EXPRESSION 
8 3 EXPRESSION -> EXPRESSION ADDOP TERM 
9 1 EXPRESSION ->TERM 
10 3 TERM -> TERM MULOP FACTOR 
11 1 TERM -> FACTOR 
12 3 FACTOR -> FACTOR A PRIMARY 
13 1 FACTOR -> PRIMARY 
14 3 PRIMARY -> (EXPRESSION) 
15 1 PRIMARY -> integer 1 id 
16 2 PRIMARY -> SIGN PRIMARY 
17 2 CLUDECLARATIONS -> CLUDACLARATIONS CLUDECLARATION 
18 1 CLUDECL ARATION S -> CLUDECLARATION 
19 5 CLUDECLARATION -> CLUTYPE : ID_DIMENSION_LIST REFERENCE2 . 
20 1 CLUTYPE -> inputs 1 outputs 1 clunits 1 cterms 
21 3 ID_DIMENSION_LIST -> ID_DIMENSION_LIST ; ED_DIMENSION 
22 1 ID_DIMENSION_LIST -> ID_DIMENSION 
23 2 ID_DIMENSION -> id DIMENSION 
24 6 DIMENSION -> < EXPRESSION > [ EXPRESSION ] 1 

[ EXPRESSION ] < EXPRESSION > 
25 3 DIMENSION -> [ EXPRESSION ] 1 < EXPRESSION > 
26 0 DIMENSION -> epsilon 
27 4 REFERENCE2 -> <: id REFERENCE 1 DIMENSION 
28 0 REFERENCE2 -> epsilon 
29 4 CLUSTATEMENT -> BODY CLUACTS . END 
30 3 CLUACTS -> CLUACTS ; CLUACT 
31 1 CLUACTS -> CLUACT 
32 1 CLUACT -> CONNECTION 1 IF_STATEMENT 1 

FOR_ST ATEMENT 
33 9 IF_ST ATEMENT -> IF id RELATION EXPRESSION then CLUACTS 

else CLUACTS fi 
34 7 IF_ST ATEMENT -> IF id RELATION EXPRESSION then CLUACTS fi 
35 10 FOR_ST ATEMENT -> for id = EXPRESSION to EXPRESSION 

STEP_STATEMT construct CLUACTS rof 
36 2 STEP_ST ATEMENT -> step EXPRESSION 
37 0 STEP_ST ATEMENT -> epsilon 
38 1 RELATION -> < I = 1 o 1 > 1 =< 1 >= 

39 1 ADDOP -> + 1 -
40 1 MULOP -> / \ * 

41 1 SIGN -> + 1 -
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PROD 
# 

RED 
# df.scr tptton 

42 3 CONNECTION -> DLRM = GLRM 
43 3 DLRM -> DLRM! DLRM1 
44 1 DLRM -> DLRM1 
45 3 DLRM1 -> DLRM1 , DLRM2 
46 1 DLRM1 -> DLRM2 
47 3 DLRM2 -> (DLRM) 
48 1 DLRM2 -> SLRM 
49 2 SLRM -> id SUB_RANGE 
50 6 SUB_RANGE ->< RANGE >[ RANGE] 1 [ RANGE ]< RANGE > 
51 3 SUB_RANGE ->< RANGE > 1 [RANGE] 
52 0 SUB_RANGE -> epsilon 
53 3 RANGE -> EXPRESSION: EXPRESSION 
54 1 RANGE -> EXPRESSION 
55 3 GLRM -> BGLRM* BGLRM 
56 1 GLRM -> BGLRM 
57 3 BGLRM -> BGLRM ! GLRM 1 
58 1 BGLRM -> GLRM1 
59 3 GLRM1 -> GLRM1 , GLRM2 
60 1 GLRM1 -> GLRM2 
61 3 GLRM2 -> GLRM2 @ GLRM3 
62 1 GLRM2 -> GLRM3 
63 2 GLRM3 -> +/ GLRM3 
64 1 GLRM? -> GLRM4 
65 3 GLRM4 -> GLRM4 + GLRM5 
66 1 GLRM4 -> GLRM5 
67 2 GLRM5 -> &/ GLRM5 
68 1 GLRM5 -> GLRM6 
69 3 GLRM6 -> GLRM6 & GLRM7 
70 1 GLRM6 -> GLRM7 
71 2 GLRM7 -> A ELEMENT 
72 1 GLRM7 -> ELEMENT 
73 5 ELEMENT -> id SUB.RANGE ( INVOK.LIST ) 
74 3 ELEMENT -> int $ int 1 \ NUMERIC_STRENG \ 1 ( BGLRM ) 
75 1 ELEMENT -> SLRM 
76 3 INVOK_LIST -> INVOK_LIST; CGLRM 
77 1 INVOK.LIST -> CGLRM 
78 1 CGLRM -> BGLRM 1 ?? 
79 3 NUMERIC_STRING -> ( «njMERIC_STRING ) 1 NUMERIC.STRING , ? 1 

NUMERIC_STRING , integer 
80 1 NUMERIC.STRING -> integer 1 ? 
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