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ABSTRACT

This thesis pfesents a development of a vHSIC Hardware Description Language

(VHDL) compiler for Logic Cell Anays (LCAs). First, the concept of electronic circuit

engineering and the electronic circuit development cycle using computer aided engineering

(cAE) tools a¡e reviewed; and the motivation of this ¡esea¡ch work is provided. Then'

the afchitecrure, design methodology and the significance of LCA a¡e described. Thirdly'

the VHDL is briefly reviewed and a VHDL architectural description subset fo¡ LCA is

defined as the input of the compiler; the Xilinx Netlist Format (XNF) is chosen as the

target of the compiler. Finally, the development, testing and verification of the vHDL

compiler for LCA is described. Two of the examples implemented from the vHDL

descriptions are presented to demonsEate the compiler.
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CHAPTER 1

INTRODUCTION

The design of elecronic systems always involves the design of electronic ci¡cuits'

often in the form of either integrated circuits (Cs) using very large scale integration (WSÐ

or very high speed ICs (VI{SIC)' or printed circuit boa¡ds (PCBs)' The design process of

elecEonic ci¡cuits can be considered as a transformadon of a behaviourat description of the

circuit concepts into a physical description of the ci¡cuits suitable for implementation. A

behavioural description is the highest level of abstraction, providing only the functional

cha¡acteristics of ci¡cuits with no specified way of implementing them. For example, the

behavioural description of a subraction unit simply slates that the output be the difference

ofthetwoinputs.Forcomplexcircuits,theransformationisachievedbyahierarchical

decomposition from behavioural description to a¡chitectural description, then to physical

description.

The a¡chitectural description is closer to the final implementation because it provides

the necessafy building blocks and the connections among the blocks with or without the

information of how to implement the circuit. The architectural description defines the

architecrure of the circuit and its organization if the implementation information is

contained. An a¡chite¡tu¡e may be implemenæd in different approaches. For example, the

a¡chitectu¡e of the processor sPARC has rwo organizations implemented by two companies



respecrively tRISC8gl. The a¡chitectu¡al description of a subtraction unit would show the

negation modules, the summation modules, the carry lines, and the connections among

them. The a¡chitectural description may have many different levels. The lower the level,

rhe more the detailed building blocks and their connections become. The a¡chitectural

description at the lowest level is used for placement and routing to generate physical

descriptions.

The physical descriptions are the lowest level of ci¡cuit description, in which the

geometrical representarion of the circuits is provided. The physicat description is also

called circuit layour At this stage, the circuits are ready to be implemented. Depending on

the tatget technologies of circuit implementation, many different forms of physical

description are possible. common technologies include the use of standard components

mounted on PCBs, o¡ su¡face mount boards (SMBs), and semi-custom or full-custom

integrated circuit (IC) fabricated on silicon dies, and programmable logic devices (PLDs)'

'while the behavioural description is textual, architectural and physical descriptions

may be textual or graphical. Textual descriptions specify circuits in the forms of hardware

description languages (FIDLs) that are formalized modular languages' The graphic

description is called schematic, which requires sketching progrâms that allow the user to

physically place circuitry on a display søeen.

Asthecircuittechnologydevelops,thecomplexityofacircuitincreases

exponentially. This ever increasing circuit complexity has rendered manual intervention

tedious, error-prone and time consuming. on the other hand, the demand for application

specific IC (ASIC) is also increasing. As a result, computer-aided tools have been

-2-



developed to help implement and verify circuit designs. Elecronic circuit engineering now

utilizes computer-aided engineering (cAE) tools, including computer-aided design (cAD)

tools, computer-aided verification (cAv) tools, and compute¡-aided test (cAT) tools, to

reduce the design effort, turna¡ound time and design error, and at the same time to

improve the design qualitY'

1.1. Electronic Circuit Engineering

The design process of electronic ci¡cuit is shown in Fig' 1'1' The concept of a

circuit is fint studied to establish the behaviour of the circuit The behaviour is specified in

behavioural description, which is used for modeling and prototyping to verify the

specification, and for decomposition into a¡chitectural description [Ki¡s861.

The architectu¡al description is used for functional simulation to verify the circuit

design at early søge. The building blocks are placed and the connecdons among the blocks

are routed towards the target technology of implementing the ci¡cuits' Placement and

routing generates the physical description of the circuit, i'e' the circuit layout'

Thephysicaldescriptionisalsousedforsimulationtoverifythefunctionand

timing delay of the circuit. The circuit is manufactured using the circuit layout if the

simulation is passed The product must b€ tested bfore the acceptance'

1.1.1. Electronic Circuit Design

TheCAEtoolsareusedthroughoutthedesignpfocess'Thecircuitdesign

development cycle using CAE tools includes three søges: design entry' design

-3-



CIRCUIT CONCEPT

BEHAVIOURAL

ARCHITECTURAL

PHYSICAL
DESCRIPTION

LEGEND:

Õ ctRcurr corucepr
O pRocEss

E DESoRIPTIoN
+ DATA FLOW

Fig. 1.1. Electronic circuit design process fafter Kins86]'
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implementation and design verification. The CAE tools uæd at diffelent stages a¡e shown

in Fig. 1.2.

The CAD tools include three groups: (i) schematic capture; (ü) HDL compilation;

and (iii) placement and routing. schematic capture tools are the sketching pfograms that

users can place the building blocks on a display screen and d¡aw the connections among the

blocks. The schematics are converted to an architectu¡al description. HDL compilation

tools accept textual ci¡cuit descriptions. At the highest level the compiler decomposes the

behavioural descriptions into a¡chitectu¡al descriptions, and converts the a¡chitectural

descriptions to a level for placement and routing. Placement and routing tools accept the

a¡chítecn¡ral description at the lowest level , and generate the circuit layout'

The cAV tools include design rule checkers (DRCs) and simulators' simulators

accept textual descriptions and simulate the functions and timing delay of the ci¡cuits.

The circuit descriptions have to be formed into machine understandable formats,

and entered into the computers in order to use cAE tools. This is the design entry stage.

The cAE tools may accept the descriptions at the behavioural, a¡chitectural, or physical

level in text using a text editor, or graphic using a schematic capture tool'

The CAE tools may perform decompositions, conversions, and placement and

routing at the design implementation stage. If the design entries a¡e at the behavioural

level, HDL compilers decompose them into an a¡chitectural description. As design entries,

a¡chitectu¡al descriptions may be in textual or graphical forms. If graphical descriptions are

entered into the computøs, the schematic captu¡e tools extract the ci¡cuit descriptions into a

textual formal The a¡chitectural descriptions at high level must þ converted into a lower

-5-



level suitable fo¡ placement and routing. The circuit designs can be implemented after the

physical descriptions a¡e generat€d by placem€nt and routing'

DESIGN ENTRY
. TEXTEDITOR
. SCHEMATIC CAPTURE TOOL

DESIGN IMPLEMENTATION
. HDLCOMPILATONTOOL
. PLACEMENT AND ROUTING TOOL

DESIGN VERIFICAT]ON
. DRC
. SIMULATOR
. CATTOOL

Fig 1.2. Elecronic circuit development cycle using CAE tools'

rilhile behavioural descriptions provide a gleat promise for the future, the

decomposition from a behavioural description to an a¡chitecture that matches the function

specification still remains difficult tSang86l. More resea¡ch is needed in this area. In

general, it is also very difficult to obtain optimized layouts from automatic placement and

routing due to the complexity of this problem. However, acceptable layouts may be

obtained for the Programmable Itgic Device (PLD) target technology because its regular
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architecture provides constraints, thereby reducing complexity of the problem'

At the design verification stage, the DRC checks the design according to the design

rules and reports design rule violations. Simulations must then be ca¡ried out at different

levels to verify the functions of the designs. Design verification helps the designers to flrnd

out design faults at early design stages, Simulations provide design modelling at the

behaviouraldescriptionlevel,andwont.caseanalysisattlrephysicaldescriptionlevel.

l,L.2, Programmabte Logic Devices [Kins89]

The first PLD device, the Field-Programmable Logic Array (FPLA)' was

inroduced by signetics in the early 1970s. In 19?5, Monolithic Memories followed with

their Programmable Array f,oeic (PAL) devices [BiCo8l, MoMe81]' Both PLDs were

based on fusible-link technology. In the early 80s, the devices were used extensively in

different practical industrial and experimental applications, requiring moderate random

logic and small sequencers with high reliability. later, implemenution of more complex

ci¡cuits demanded more complex PLDs, a number of which were introduced by Advanced

MicroDevices, Fai¡child semiconductor, GE/Intersil, Harris semiconductor, Intel,

National semiconductor, Texas Instruments, and newe¡ companies such as Actel' Altera'

cypress semiconductor, Exel MicroelecEonics, Lattice semiconductor, and vLSI

Technology [Man86, Coll86a, Coll86b, Coll87, Meye87, Smit88, Free88, ActelSS].

Many of those devices have advanced from the old fusible-link technology to floating-gate-

based ulraviolet-erasable PLDs (LIVEPLDs or simply EPLDs) and electrically erasable

PLDs@EPLDs)[Goet86],aswellasfromtheoldbipolartoCMostechnologies.A

recent example of such devices is the cMos electrically-configurable gate alrays



IAGGCSS]whichcombinetheflexibilityofmask-programmablegatearraysand

convenienceofuser.programmablePLDs.NoticethatwhiletheEPLDscannotbe

reprogrammedjnsitu,theEEPLDscanbereprogrammedinplaceattheexpenseofslow

programming times and high programming voltages.

Thel,ogicCellArray(LCA),introducedbyXilinxinlgS5[Land85b'CDFH86,

wynn86, Coll86a, I-and87, XiliS6a to XiliSSl is a cMos static-memory-based user

programmable gate aÍays. The LCA devices combine the flexibility of gate anays with the

instant (literally) availability of PLDs. The connections of the gate arrays are controlled by

rhe memory cells so that LCAS are reprogarnmable. Its density is between 1200 and 9000

gates with a 20,000 gate paft announced for 1990.

1.f.3. PrototYPing

simulation verifies that the functions of the circuit according to the circuit

definition. It also provides the wo¡st-case analysis and verification of the critical timing

path.However,simulationislimite.dtosubsystemlevel[Shae87]'Prototypingcan

enhance simulation as the essential part of the circuit design process'

ontheotherhand,prototypingallowsthecircuittobetestedinthetargetsystem

that it is intended for, and facilitates debugging of the circuit in real dme, including the

unpredictabletimingofasynchronousevents.Nevertheless,prototypeimplementationsof

complex elecEonic circuits are difficult. The task of building such prototypes can be

simplified sigrificantly by the use of elecronic breadboa¡ding'

An alternadve implementation methodology has been provided by the Logic Cell

-8-



Anay (LCA) technology, in which the wiring is done electrically rather than mechanically.

Fufthermo¡e, once the system has been developed by using computer-aided tools, it can

then be verified and modified easily, thus permitting the desired concept of analysis-by-

implementation to be a realistic goal.

L.2, Motivation

PLDs have been used extensively to reduce the design complexiry and tum around

rime. However, the flexibility of PLDs is limited because of their AND-oR plane

architecrures. Full-custom ICs can provide design flexibility, speed, reliability, small

size, and security of designs, but they are very costly and time consuming' Gate arrays

have higher flexibility and density than PLDs, and less design cost and tum around time

than full-custom ICs. However, the design cost and tum a¡ound time of gate aÍays aIe

still much higher than those of PLDs.

LCAs have a geat potential by combining the advantages of both PLDs and gate

anays. The density of LCA is up to 9000 or higher equivalent gates. Xilinx provides a

development system supporting various schematic capture tools and logic synthesis tools

such as PALASM. Although it is useful, PALASM has its limitation in general circuit

design. At present, a general HDL is not available as a design entry option for LCA

design.

Schematic capture tools have the direct visual representation. However, as the size

of the design increases, graphical specifications become more difficult to create and

modify.Hardwaredescriptionlanguagesarebecomingincreasinglypopularasmore



pfogammers become interested in hardwa¡e design and more designers become interested

in software design. Textual descriptions can be creåted using a søndard text editor, a¡e

easy to store and modify, and also serve as written documentâtion'

TheVHSICHa¡dwareDescriptionLanguage(YHDL)isanemergingstanda¡dfor

hardwa¡e description languages tArms89l. The VHDL has the ability to describe cifcuits

from as simple as a gate to as complex as a microprocessor. The vHDL is also able to

describe the ci¡cuits in both behaviou¡al and a¡chitectural description. The aim of this

thesis is to develop a vHDL compiler integtated with the f¡ont end of the Xilinx

development system in order to (i) facilitate the LCA design, and (ii) model a¡ electronic

circuit design using vHDL and prototype it using LCA instantaneously. This approach

merges the advantages of both VHDL and LCA æchnologies'

1.3. Thesis Objectives

1.

The objectives of this research work are:

To study Xilinx Logic Cell Arrays methodology, and its importance in the ci¡cuit

design process.

To study hardware description languages (tIDLs) and to select an HDL for LCA'

To design a VHDL compiler for LCA design.

To implement, test and verify the compiler.

Xilinx provides a circuit-layout tool. Its input language is described by the Xilinx

Netlist Format (XNF). The exact format of xNF is proprietary and cannot be described in

this thesis, but it is freely available from Xilinx to interested people'

,

J.

4.
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The VHDL compiler developed in this thesis ranslates an a¡chiæctural description

subset of YHDL inO the Xilinx netlist format, which is used by Xilinx circuit-layout tool'

The design of the paner of the compiler is accomplished by using parser generation tools in

Unix environment, which accept regular expressions of the grammar and produce the

parsef.

This compiler enables the designer to use haldwale description language as the

designentryoption'compafedwiththetraditionalgraphicaldesignenryapproach,

hardware description languages afe easy to cfeate and modify, and serve as documentation

of the design. This compiler can also provide an interface with othel YLSI design systems

so that the LCA can be used for prototyping of the vLSI design. ln addition, we anticipate

that graphical design system will be unable handle the increasingly complexity of

sophisticated system design. For this reason, ùe VHDL tool developed here will directly

contribute to our efforts in promoting system level design space exploration in our

laboratory.

L.4. Thesis Structure

chapter 2 reviews the a¡chiæctu¡e of Xilinx LCAs, and the methodology of circuit

design in LCAs. chapter 3 gives an overview of vHDL. An architecru¡al description

subset of vHDL is defined as the input of the compiler. The ouçut of the vHDL compiler

is the xilinx Netlist Format. chapter 4 describ€s the design of the compiling algorithm'

chapter 5 represents the implementation, testing and verification result with two examples'

Chapter 6 d¡aws the conclusions of this resea¡ch work and describes the possible further

development and recommendations.
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CHAPTER 2

XILINX LOGIC CELL ARRAY

Progfammable gate arrays (PGAs) have become increasingly prominent in the past

two yeats, and the signs are that this Eend is set to continue [Micr89]. Programmable

logic technology has been dominated by devices based on the PLA architectu¡e fol the last

ten years. As IC technology has advanced, it has become possible to produce larger and

larger PLAs. However, the efficiency of PLA utilization decreases as PLA size increases,

and the fixed allocation of device pins to array and flip-flop outputs reduces the flexibility

of the PLDs. The a¡chitecture of gate arrays is being adopted to large programmable

devices to solve the Problems.

Gate arrays are semi-custom devices based on a¡y array of simple cells sur¡ounded

by an interconnection network. In standafd gate arays technology, the inte¡connection

pattern is defined by metallization layers applied at the final stage of manufacture. PGAs

dispense with this final stage by possessing a fixed interconnection network which includes

programmable crosspoints or swirches. The logic cell anay (LCA) introduced by Xiünx in

1985 is one of the PGA famiLies. This chapter provides a brief review of the alchitecruIe of

the LCA, the devices of LCA , rhe LCA design methodology and the LcA development

system.

12-



2.1 Architecture of Xilinx Logic Cell Arrays

The logic cell array family is a goup of high-density, high-performance' user.

programmable gate affays tcDFH86, HDKN87, Miø89, Xili89l. The LCA a¡chitecture

is similar to that of other gate alrays, with an interior matrix of configurable logic blocks

(CLBs) and surounding ring of VO interface blocks (IOBs). Interconnect resources with

programmable routing sources occupy the channels between the rows and columns of logic

blocks, and between the logic blocks and the VO blocks. The a¡chitecture is shown in Fig.

2.1. Like a microprocessor, the LCA is a program-driven logic device. The functions of

the conf,rgurable logic blocks and VO blocks, and thei¡ interconnections, are controlled by

a configuration pfogram sto¡ed in the on-chip static memory. The crosspoints of the

programmable routing sources âfe tumed on or off by memory cells contolled switches.

TherearethfeestagesofutilizinganLCAdevice:i)configurationplogram

genetarion, ii) configuration, and iii) oPefation. First, a configuration program is

genefared from the circuit design. Then, the configuration plo$am is loaded either

automatically from an extemal memory on power-up, or by a microprocessor on command

as a paft of system initialization. The methods of loading the configuration progfam ale

determined by logic levels applied to configuration mode selection pins at the time of

conf,rguration. The form of the data may be either serial or parallel, depending on the

configuration mode. The programming data are independent of configuration mode

selected. Finally, the configured LCA device functions just like an ASIC chip. The LCA

device can be reconfigured by loading a new configuration plogram, since the

configuration program is stored in an on-chip RAM like memory'

-13-
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2,1.L, Configurable Logic Blocks

The core of the LCA is a matrix of identical configurable Logic Block (cLBs).

Each CLB contains programmable combinatorial logic ând storage registers as shown in

Fig. 2.2. The combinatorial logic section of the block is capable of implementing ary

Boolean function of its input variables. The registers can be loaded from the combinatorial

logic or directly from a CLB input. The register outputs can be inputs to the combinatorial

logic via an intemal feedback path.

2.1.2, Configurable Input/Output Blocks

TheperipheryoftheLCAismadeupofuserprogrammablelnpuVoutputBlocks

(IOBs). Each block can be programmed independently to be an input, an output' or a

bidirectional pin with three-state control as shown in Fig. 2.3. Inputs can be programmed

to recognize either TTL or CMOS. Each IOB also includes flip-flops that can be used to

buffer inputs and outPuts.

2.L,3, Programmabte Interconnections

The flexibility of the LCA is due to resources that permit program control of the

interconnection of any two points on the chip, as shown in Fig. 2.4. Like gate arrays,

the inte¡connection ¡esou¡ces ofLCA include a two.layer metal network of genelal pu¡pose

lines that run horizontally and vertically in the rows and columns between the cLBs.

Programmable switches connect the inputs and ouçuts of IOBs and CLBs to nearby metal
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lines. Crosspoint switches and interchanges at the intelsections of row and columns allow

signals to be switched from one path to another. Long lines run the entire length or width

of the chip, bypassing interchanges to provide distribution of critical signals with

minimum delay or skew. Adjacent cLBs can be connected by di¡ect interconnections.

2.2, Xilinx LCA Devices

The fi¡st genefation of LCAs introduced in 1985 has been incorporated as two

devices in the XC2000 series in density ranging from 1200 to 1800 gates tcDFH86,

Micr89, Xi1i89l. Each XC2000 cLB contains combinational logic and a signal storage

element. The combinatorial logic of the block is capable of implementing any Boolean

function of up to four vafiables, or any two independent functions of up to three variables

in each. The storage element in the CLB can be confîgured as an edge-triggered flip-f1op or

a transparent latch. The XC2000 series IOBs include a register in the input path and a

thfee-state buffe¡ in the output path. The programmable interconnections include di¡ect

interconnects, five general purpose lines and two iong lines per vertical channel and four

general purpose lines and one long lines per horizontal channel.

The second generarion of LCA inuoduced in 1987 is embodied in the XC3000

family IHDKN87, Micr89, Xili89l. It consists of f,ive compatible devices ranging 2000

to 9000 gates densities. The XC3o00-series CLB includes a wider combinatorial logic

circuit, two storage elements, and dedicated logic that implements ciock, ¡eset, and vo

selection functions as shown inFig2.2. The nine inputs of the CLB include five general-

purpose inputs to the combinatorial logic, and clock, clock enable, reset, and direct data

-19-



inputs to the register. The two ouçuts of the CLB ca¡ be d¡iven by the combinatorial logic

or the the Q ouçut of the registers. Each combinatorial logic of the CLB can be configured

in any one of the three modes. Any single Boolean function of five input variables can be

implemented. A second option offers any two independent functions of four variables in

each. The third option is to create two independent functions of four variables in each,

multiplexed into a single function by the E input to the block. The wo registers of the CLB

are edge-triggered D-type flip-flops. clocking is provided by the dedicated clock input of

the block; the clock path has an option invert, allowing the flip-flops to be leading or

falling-edge triggered at each block. Asynchronous reset and clock-enable inputs are also

provided at each CLB. The D input to each flip-flop can be driven by the ouçut of either

of the two logic functions that can be generated in the combinatoriai circuit, or by a direct

data input to the block that bypasses the combinatorial logic.

Each IOB of XC3000 contols one pin. There a¡e two registers in each IOB - one

in the input path and one in the output path as shown in Fig. 2.3. Input signals pass

though an input buffer to the D input of a register. The input register of the IOB can be

configured as an edgetriggered flip-flop or a transparent latch. The output path includes a

programmable invert for determining the polarity of the ouçut signal. The signal then goes

ro the D i¡put of the output register. This register is always an edgetriggered flip-flop. The

di¡ect or registered ouçut signal can be sent to the ouçut buffe¡, which is a th¡ee-state

buffer.

The programmable interconnections of XC3000 include di¡ect interconnects, five

general purpose lines and foul long lines per vertical channel and five general purpose lines
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and two long lines per horizontal channel as shown in Fig. 2.4'

The XC4000 series, the third generation of LCA announced for 1990' are twice as

fast as prior devices, and featu¡e densities as high as 20,000 gates, on-chip static RAM and

greatly improved utilization [Goer89, Wils89]. The devices of XC2000 series and

XC3000 series are listed in Table 2. 1.

Table 2.1. Xilinx Logic Cell Anay device list.

* The PROM size required to store the conflgu¡ation pro$am for the devices.
** The RAM of the CAD station required to design the devices using the LCA

development system.

2.3. LCA Design MethodologY

Integrated circuits of the LCA complexity need advanced CAE tools if they are to be

used effectively. Like electronic circuit design using CAE tools, the LCA design process is

partitioned into three main steps: entry, implementation, and verification [Micr89,

xili89l. The design process for LCA is shown in Fig. 2.5. An integrated development

OEVICES xc2064 xc2018 xc3020 xc3030 xc3042 x c3 0ô4 xc3090

EOUIVALENT GATES 1200 1800 2000 3000 4200 6400 9000

CLBS
(ROW X COL)

64

(8X8)
100
(10 X 10)

64
(sx8)

100
(10 X 10)

1M
(12 X 12\

224
(16 X 14)

320
(20 X 16)

CLFS 128 200 128 200 288 448 640

FLIP.FLOPS 122 174 256 360 480 688 928

IOBS 58 74 u 80 120 1¿A

PACKAGES 48DIP

68PLCC
68PGA

68PLCC

84PLCC
84PGA

68PLCC

S4PLCC
84PGA

84PLCC

S4PGA

84PLCC

S4PGA
132PGA

132PGA I32PGA
175PGA

PROM SIZE (BrTS)' 11,404 17.096 t 4,81 I 22,216 30.824 46,104 64,200

MEMORY (KBYTES)" 2,O49 2,O48 2,O48 2,1 86 3,584 4,846 6,144
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sysrem for design and implementation of LCA is provided by Xilinx. This provides the

user with an effective, convenient, low risk method of logic design entry' simulation,

configuration program generation and verification for single chip logic design'

The LCA development system is a-n open system - the designer can choose from

among several popular CAE progfaÍls and wofkstations, allowing the use of existing

familiar tools to develop LCA-based design. The development system is available fo¡

PC-AT and PS/2 personal computers, and their fully compatible clones' In addition'

tools are also available for Sun, Apollo, and Vax/VMS workstâtions.

Many different schematic editors a¡d simulato¡s are available for entering and

verifying circuit designs. To provide a bridge to existing CAE tools, Xili¡x has defined an

inrermediate design description format called the Xilinx Netlist Format (XNF) [Xili88e].

Any design entry tools can be used to enter LCA designs if the ouçut of the design entry

can be translated into XNF file txili88fl. Similarly, any simulator can be used to verify

LCA designs if the XNF frle can be tanslated into the nedist format of that simulator.

2.3.1. Design EntrY

An LCA design can be entered by using schematic caprure, Boolean equations, or

state machine equations in PALASM format. Xilinx supports various schematic captue

tools, such as FutureNer DASH, Dasiy AIE or EED II, Mentof IDEA and orcAD sDT.

The design entry is Eanslated into an XNF file. Other design entry methods can be

supported with an appropriate )G'{F translator.

-22



Fig. 2.5, LCA design process[after Xilinx].
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Designers typically enter the designs hierarchically, by first creating a top-level

description that defines the application in terms of major functional blocks. l-ower-level

descriptions decreasing the logic in each of the lafger blocks are then entered, using

marcos defined by the designer or supplied in the standa¡d library. There is no limit to the

number of levels within the hierarchical design. Two design examples will be seen later i¡

Chapter 5.

2,3.2. Design Implementation

Implementing designs in LCA enøils mapping the desired logic into the cLBs and

IOBs of the LCA architectu¡e. The automatic LCA implementation tools include logic

reduction and logic partitioning, placement and routing, and design editor and

configUration program generation Mcr89, Xili89l. Once a design has been translated into

an XNF file, the design is mapped into the programmable resources of the LCA by a

program called XNF2LCA. The XNF2LCA program performs two operations: logic

reduction and logic partitioning. lngic reduction is the process of deleting unused logic

from the design, permitting liberal use of the library, without any penalty when a macro

has unused functions. The temaining logic is automatically partitioned into pieces that can

be implemented within individual CLBs and IOBs. As much logic as possible is grouped

into each block. The result is a design file catled LCA'

Each cLB and IoB of the design is "placed" by assigning it to one of the discrete

blocks within an LCA and is "routed" by specifying the programmable interconnection

paths used to implement the connections among the blocks. Placement and routing can be
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performed automatically \ryith placement and routing softwale, interactively with graphic

based design editor, or combination of the two. The automatic placement and routing

(ApR) program sea¡ches for the optimum placement by using the simulated annealing

algorithm and then toutes the nets that interconnect thg blocks'

The core of the development system is the LCA design editor XACT. The XACT

provides the designer with the ability to graphically enter, place, route, and manipulate

LCA designs, and to generate the LCA configuration program data after the placement and

routing. The generated configuration progtam data can be download tkough the download

cable, which provides a convenient approach to program a brreadboard or prototype unit.

2.3.3 Design Yerification

After the implementation of the design, its operation must b€ verified. Both APR

and XACT calculate the worst-case delays through both the logic block and the routing

resources. A simulator PC-SILOS is also available from Xilinx with a converter that

converts the XNF to the SILOS simulation netlist and a dunìny simulation stimulus flle.

The stimulus fiÍe is tailored to define the input pattern and which signals to be examined

and with what timing. The XNF file may come from the design entry of form an

implemented design by converting the design to XNF file. Designs which have not been

routed can be simulated with unit delay data. Routed designs include worst-case timing of

functional blocks and their interconnections.

The verification can also be done by in-circuit testing tools such as Xilinx

-25 -



XACTOR, or by IC testing devices such as AXIC tester.

2,4. Summary

The LCA technology provides a fast turn around time and high flexibility, and

allows users to implement ASIC design easiiy and quickly. It also provides a practical

approach for ASIC breadboarding. For educational purposes, the Xiiinx development

system demonstrates the whole process of digital system design. In this envi¡onment, an

HDL should be available as an option for design entry. Since the development system is an

open system with XNF as the interface, an HDL compiler can be developed to generate the

XNF file.
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CHAPTER 3

THE VHSIC HARDWARE DESCRIPTION LANGUAGE

The VHSIC Hardwa¡e Description Language (VHDL) is a newly-adopted IEEE

standard hardware description language that supports architectural, dataflow and

behavioural styles of design and documentation for digital systems' A numbe¡ of CAE

tools have been developed to support VHDL [AAIR88' LCAC88' Saun87]. The

motivation for the development of the VHDL CAE tools has been the need for a standa¡d

medium of communication for transmitting ha¡dware design data from one organization to

another [DeGa86]. Such communication is necessary for the following four reasons

[Shah86]: (i) from the viewpoint of the hardware component vendor, it allows formal

specification of the behaviour of the component; (ii) from the viewpoint of a component

user, it allows formal specification of the functionality required of the component for

p¡ocurement purposes; (iii) from the viewpoint of the hardwa¡e design engineer, it

provides a standard for sharing information within a design team, even among designers

working at diffefent levels of abstraction; and (iv) f¡om the viewpoint of the CAE tool

developer, it provides a wider user-base for tools, thereby creating a b€tter return on

investment.

Beginning in 1983, the U.S. Department of Defense sponsored the

development of the VHSIC Hardwa¡e Description Language (VHDL). The original
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intent of the language was to serve as a means of communicating designs from one

contractor to another in the Very High Speed Integrated Circuit (VHSIC) program.

However, the design of the language has ¡eceived input from many individuals in

computef industry and thus reflects a consensus of option as to what characteristics a

hardware description language should have [Arms89].

In Augusr 1985, Version 7 .2 of the language was released by the Department

of Defense, representing the completion of the f,r¡st major stage of the language

development. The IEEE sponsored a further deveiopment of VHDL, with the goal to

establish a standafd version of the language. In June 1987, eligible IEEE members

voted to accept Version 7.2 as ¡he standard ve¡sion and in Decembe¡ 1987' it was

officially so designated by the IEEE tVHDL88l. This chapter gives a brief overview of

IEEE standa¡d VHDL as well as a subset of VHDL for LCA design'

3.1. Features of VHDL

VHDL allows design and documentation of digital circuits from the system level

to the gate level, and supports bottom-up as well as top-down design methodologies

[Meye89]. Although designed to be independent of any underlying technology, design

methodology, o¡ envi¡onment tool, the language is extendible to various hardware

technologies, design methodologies, and the varying information needs of design

automation tools. In VHDL, not only the architectufe of a circuit is defined, but its

organization can be defined as well. The integration and unification of architecture and

organization information is provided in VHDL.



VHDL describes the functionality and organization of ha¡dware system at

various levels of abstraction. The concept of design enüry is the primary abstraction

mechanism of the language tLMShS6l' Starting with design entity, we discuss the

basic features of VHDL in this section.

3.1,1. Design Entities

one of the characteristics of ha¡dware devices is that thei¡ functionality can be

defined for the most part independent of the envi¡onment in which they operate. This

characteristic allows components from va¡ious sources to be wired together to create

new and more complex designs. vHDL reflects this characteristic in its overall

organization, by emphasizing the ability to describe isolated components, called

design entities, which can then be combined with other component descriptions to

form mo¡e complex descriptions. In VHDL, a design entity consists of an interface

description and one o¡ more altemative body descriptions.

3,1.2. Interface DescriPtion

The interface contains a set of definitions common to altemative bodies. Such

definitions capture the external view of ha¡dware entity and specify communication

channels between the design entity and the outside \ryorld. An example of interface

descriptionforafulladderisshowninFig.3.l. The interface description narnes the

entity and describes its inputs and outputs. The port description of interface decla¡es

signals visible extemally, including the mode of the signals (e.g., in or out) and the
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type of the signals (e.g., BIT). BIT is a predefined signal type in VHDL.

entity FullAdder is

Port (X, Y, Cin: in Bit; Sum' Cout: out BIÐ;
end FullAdder;

Fig. 3.1. Interface description of a full adder'

3.1.3. Body DescriPtions

After the interface description, the specification of the behaviour of the entity is

required. In vHDL, thfee styles of body descriptions are possible: a¡chitectural,

dataflow, and behavioural, as shown in Fig. 3.2. The three styles can be combined

within an architectu¡al body description. In general, the thee styles are used

separately as altemative body descriptions for a design entity.

DESIGN ENTITY

I ttlrERFAcE DESoRIPTIoN I

l-ÄlJHrrEõruRALl I DATAFLow I iBE'llN/louRAL I
I oescnlplon I lDEscRlPrloN I lDEscRlPrloNl| ----_---' - |

Fig. 3.2. Body descriptions of design entity'

3. 1.3. 1. A¡chitectural Description

The architectural description captufes the schematic view of hardwa¡e and

consists primarily of interconnected components. The behaviour of the components is
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externally defined. The a¡chitectural description involves (i) component decla¡ation'

which defines interface to components used in a design, and (ii) component

instantiations, which create one or more instances of a decla¡ed component. An

example of the architectural description of the full adde¡ is shown in Fig. 3.3. Note

that each instantiation has a unique label associate with it as well as a pon map. The

port map cfeates an association between the inputs and ouçuts of the components

declared and the instantiation components by positions.

architecture Structure of FullAdder is

component XOR2 port (Ain, Bin, Output);
end component;
component AND2 port (Ain, Bin, Output);
end component;
component OR2 port (Ain, Bin, Output);
end component;

signal A, B, C: Bit;

begin
ADDO:
ADDI:
CARRYO:
CARRYI:
CARRY3:

end Structure:

XORz port map (X, Y, A);
XOR2 port map (A, Cin, Sum);
AND2 port map (4, Cin, B);
AND2 port map (X, Y, C);
OR2 port map (8, C, Cout);

Fig. 3.3. Architectu¡al body description of a full adder.

3.1.3.2. Dataflow DescriPtion

The dataflow description specifîes data transforms being performed in terms of

concrurently executing register Eansfer level statements. It is more abstract than the

a¡chitectural description.



One advantage of the atchite¡tural description is the ability to express the

parallelism inherent in hatdware operation. In contrast, purely architectural description

cannot express what each component actually does, since component behaviour is

externally defined. However, the dataflow description allows the simultaneous

expression of parallelism and behaviou¡. For example, AHPL is a register nansfer

level language which has been uæd widely in indusrial and educational a¡ea fFIiPeSTl.

archltecturs Dataflow of FullAdder is

s¡gnal A, B: Bit;

begin
A<=XorY;
B <= A and Cin;
Sum <= A xor Cin;
Cout <= B or (X and Y);

end Dataflow;

Fig. 3.4' Dataflow description of a full adder body'

An example of dataflow description for the full adder is shown in Fig' 3'4'

Dataflow descriptions are created through the use of concur¡ent signal assignment

statements. Such statements execute in response to event or changes in signal values

referenced within the statements.

3. 1.3.3. Behavioural Description

The behavioural description, the most abstract style, specifies data transforms

in terms of algorithms for computing output fesponses to input changes. component

networks modeled with concur¡ent signal assignment statements lepresent both design
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afchitecture (in terms of component interconnection) and design behaviour (in terms of

data transforms performed). However, it is sometimes necessary to describe

behaviou¡ without biasing that description toward a particulaf implementation. A pure

behavioural description, entailing little or no architectural information, is more

appropriate in such situations. For example, Mentor has developed the Behavioural

Language [Ment84]. In VHDL behavioural description can be written by using process

statement. An example of a behaviou¡al description for an AND gate with its interface

description is shown in Fig. 3.5.

entity Andcate is
port ( inputs: ln Bit-Vecto(1 to 2);

Result: out Bit);
end Andcate;

architecture Behaviour of AndGate is

begin
process (lnputs)

varlable TemP: Bit;

beg¡n
TemP := '1';
for i ln lnputs'Range loop

¡l lnputs(i) = '0' then
TemP :='0';
exlt;

end lf;
end loop;
Result <= Temp after 10ns;

end process;

end Behaviour;

Fig. 3.5. Behaviou¡al description of an AND gate with interface description'
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A process statement contains a declarative part and a stâtement part. However,

only sequentiai statements such as if, case, and loop statements can be written in its

statement part. Such statements describe algorithms that specify how a component will

respond to changes on input signals by causing changes on ouçut signals.

A process statement is initially sensitive to an associated list of signals. An

event on any of those signals will cause the process to execute, and will potentiaily

cause the process to modify certain ouçut signals.

3.1.4. Types

VHDL is strongly typed and supports a variety of data types. The data type

classifrcation is shown in Fig. 3.6. VHDL also allows the designer to define new data

types as they are needed. For example, two new types BYTE and WORD can be

created using type declaration as shown in Fig. 3.7.

Fig. 3.6. VHDL type classifîcation tree [after Arms87]'
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type BYTE ¡s array (0 to 7) oi BIT;
type WORD ls array (0 to 15) of BIT;

Fig. 3.7' TyPe declaration.

INTEGER and REAL are two predefined numeric types with the standard

numeric operation defined upon them; designers may define additional numeric types

by specifying their range of values. Enumeration types include values that are eithe¡

character literals or identifiers. VHDL predefines several enumeration types including

type BOOLEAN, type BIT, and type CÉIARACIER. Standard logic operations are

available on BOOLEAN or BIT objects' Designers may also define their own

enumeration types. Physical types allow expression of measurements' A physical type

declaration specifies a set of units, all defined in terms of some based unit, and all

measuring the same quantity.

The two classes of composite types in VHDL a¡e array and record types;

elements of an array type must be the same, whereas elements of record type may

differ. Predefi¡ed array rypes BIT_VECTOR and STRING represent anays of bits and

arrays of characters respectively. Logic operations def,rned on BITs are defined on

BIT-VECTORs as well.

3.1.5. Signals

VHDL supports architectu¡al and dataflow descriptions through the use of

signals. Signals can be used to represent wires or buses in a a¡chitectu¡al description or

to represent data transmissions in a dataflow description. Signals may retain state and
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as such may be used to represent memory elements such as flip-flops and registers'

Signals may have different types. Before thei¡ use, signals must be declared to

define their names and the types associated with them. As shown in Fig' 3'8' an

example of signal decla¡ation signals RESET and CLOCK with type BIT, INPUTS

and OUTPUTS with type BYTE, and ADDRESS-LINES with type WORD'

3.1.6. Packages

Forfrequentlyuseddecla¡ations,apackagemaybecreatedtoavoidwriting

declarations repeatedly when they are needed. The package has a name associated with

it. A package can be used to share declarations among many other design units' or

collect declarations relating to a particula¡ abstraction. Declarations in a package may be

made visible by refening to the package. A package decla¡ation example is shown in

Fig. 3.9.

signal RESET, CLOCK: BIT;
slgnal INPUTS, OUTPUTS: BYTE;
signal ADDRESS_LINES : WORD;

Fig. 3,8. Signal declaration.

package BYTE-WORD is
type BYTE ls arraY (0 to 7) of BIT;
type woRD ls array (0 to 15) of BIT;

end;

Fig. 3.9. Package declaration.
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3.2, Supported Subset

VHDL is a very complicated ianguage. It is very difficult to develop a compiler

which is able to accept the whole set of VHDL, especially for the decomposition from

behavioural description to a¡chitectural description. It is a better approach to divide the

task into several stages. We choose to develop a compiler that accepts a VHDL

architectural description subset as the fllst step. Further development can be built up on

this stage.

The VHDL subset supports the interface and architectu¡al body description'

package deciaration is also supported so that a group of type declarations can be

refened by more than one entity. Pin decla¡ations and several predefined signal types

are added into the subset to support the LCA design. A User's Guide and the

Backus-Nau¡ (BN) form syntax description of the supported subset can be found in

Appendix B and ApPendix C.

3.2.1. Inputi Output Pin Descriptions

In standa¡d VHDL, the physical positions of interface ports cannot be

specified. However, the vo pin numbers of a design in LCA have to be explicitly

defined for implementation using the LCA development system. If a vo signal is not

connected with a IoB or pin of the LCA, the logic partitioning and reduction program

considers this signal no source. Thus, the signal and its loads are reduced. For this

purpose, a pin description clause is added into interface description after the port

description. For example, the full adder interface with its pin association description is
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shown in Fig. 3.10.

entity FullAdder is
port (X, Y, Cin : in Bit; Sum, Cout : out Bit);
pins (X: Pi 1 ;

Y: P13;
Cin: P24;
Sum: P34;
Cout: P35);

end FullAdder;

Fig. 3.10' Interface description of a full adder.

3.2,2. Types for LCA Design

Signals can have flags in an LCA design. The flags are used to control the

automatic placement and routing (APR) process txili88f' Xili89l. "L" is used to tell

the APR to route a signal through a long line across the ¡ow o¡ column of the array.

"C" tells APR that it is a critical route so that APR gives this signai the highest priority.

"N" tells APR that it is a non-critical ¡oute so that APR gives it the lowest priority. "X"

assures that this signal stays outside of CLBs. To cope with those flags, four

predefined types BIT-L, BIT-C, BIT-N, and BIT-X are added into VHDL'

conesponding to the flags L, C, N, and X.

3.3. Summary

This Chapter describes a sophisticated hardware description language, capable

of supporting a¡chitectural, dataflow, and behavioural styles design and

documentation for digital ci¡cuits from a singie gate to a complex system. It is too
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difficult to develop a compiler for the whole set of the language. A subset of VHDL

needs to be adopted for a class of ci¡cuits design such as LCAs. As the first step, A

VHDL architertural description subset is chosen for LCA design.



CHAPTER 4

A VHDL COMPILER FOR LCA DESIGN

Various VHDL design systems have been implemented to support the design of

digital systems. There are basically two approaches to implement such a VHDL design

system [Gilm86, Mars88]: i) a full-scale VHDL design system [Saun87], including

VHDL analysis to compile the VHDL design fiies i¡to a design library, synthesis to create

the hardware layout arid simulation to verify the design; and ii) an embedded VHDL design

system in which the VHDL compiier is combined with an existing CAE system tAAIR88l.

In this system, VHDL is used as an approach for design entry, with the compiler

generating a description format acceptable by the CAE system, while the CAE tools a¡e

used to implement and verify the design originally described in VHDL'

The second approach has several advantages, such as the availability of simulation

model library, schematic capture and fault simulation, and a large existing user base.

Since we have a dedicated CAE system for LCA design, the second approach is selected in

which the VHDL compiler for LCA design is embedded within the existing CAE tools.

The position of the compiler in the LCA design process as shown in Fig. 2.5. is

shown by the shadowed area in Fig. 4.1. As we described in Chapter 2' the LCA

development system supported by Xlinx has an interface with the high level entry and the
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Fig. 4.1. The position of the VHDL compiler in the LCA design process.



simulation tools. The Xilinx Netlist Format (XNF) is accepted by the LCA development

system as an interface for implementation and is generated by the LCA development system

for simulation.

The VHDL compiler for LCA design is a one-pass compiler supporting a subset of

sta¡dard VHDL for hierarchical architectural descriptions. It accepts VHDL design files

and compiles the design files into the XNF files. Then, the design implementation and

simulation a¡e accommodated using the existing LCA development system. The structue

of the compiler is shown in Fig. 4.2. The compiler consists of the following five

components: a lexical analyzer, parser, stack machine, netlist generator and flattener.

VHDL design files are typed in and edited using a standa¡d text editor such as VI in

UNIX system. The lexical analyzer reads the VHDL design files and converts them into

meaningful lexical chunks called tokens. The parser calls lexical analyzer to obtain the

tokens and checks the syntax of the VHDL design files. If there ale any syntax errols,

they are reported by the parser. Otherwise, the parser generates a code for the stack

machine. The code executed on the stack machine is a linea¡ array of the instructions of the

stack machine and parameters for the instructions. The stack machine generates an intemal

VHDL representation (IVHDL), and also reports any semantic er¡ors. In the netlist

generation stage, first the IVHDL is converted into an intemal )O.{F (D(NF) representation

which is subsequently translated to XNF file. Both D(NF and XNF are formats supponed

by Xitinx [Xili88e, Xili88fl. The XNF files in different hiera¡chical levels are stored in

the design library. Each design entity i¡ VHDL results in an XNF fïe in the design library.

A standard library can also be established by adding the XNF files which are proved to
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Fig. 4.2, The structrue of the YHDL compiler for LCA design.
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be eligible designs. Current standa¡d lib¡aries are provided by Xilinx. The library

list is included in Appendix E. A program supported by Xilinx flattens the hiera¡chical

XNF files. The flattening program reads the XNF files in the design library and the XNF

files of the standard components in standa¡d library, checks the syntax of the NXF files,

and generates a flattened )O.{F file, which is used for implementation of the design.

4,1. Lexical Analysis

The lexicaì analysis is the fust phase of the compiler. The lexical analyzer is a

subroutine of the parser as shown in Fig. 4.2. Its main task is to read the VHDL design

files and produce aS output a sequence of tokens that the palser uses for syntax analysis.

Each token represents a logically cohesive sequence of cha¡acters or string, such as an

identifier, a keyword, a punctuation character, or an operator. In general, there is a set

of strings in the input for which the same token is produced as output. This set of strings

is described by a rule called a pattern associated with the token. The pattern is said to

match each string in the set. The string forming a token is called the lexeme for the token.

The lexemes are stored in a symbol table for iater use. The lexical analysis uses the

pattems to identify the tokens. Upon receiving a "get next token'' request from the palser,

the lexical analyzer reads the input files until it can identify the next token, and then passes

the token to the parser.

The secondary task of the lexical analyzer includes stripping out comments and

white spaces in the form of blanks, tabs, and newline cha¡acters from the VHDL design

files, as well as counting line numbers which can be used in association with er¡or
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messâges. The structure of the lexical analyzer is shown in Fig. 4.3.

There are tools fo¡ constructing lexical analyzer from special-purpose notations

based on regular expressions. LEX fLEX86l, a lexical analyzed generator tool is used to

generate the lexical analyzer of the VHDL compi-ler.

4.1,1. LEX - A Lexical Analysis Generator

LEX is used in the following manner. First, a specification of the lexical analysis

is prepared by creating a program using regular expressions to describe all the pattems and

fragments of C programs to be executed when a matching string is found. Then, the

pro$am is run through the LEX to produce a C pro$am lex.yy.c' The program lex.yy'c

LEX¡CAL
ANALYSER

SYMBOL TABLE
PRINTING

SYNTAX ERROR

SYNTAX
ERROR

MESSAGE

T: TOKENS
S: SYNTAX ERROR MESSAGE

LEGEND:+ DATA FLoW

- 
ACCESS CALL

E pqscEsg
Éa tNpuroR ourPw
O re¡¡p sroRnce

Fig. 4.3. The lexical analyzer of the VHDL compiler,
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is the pattem-matching algorithm of the lexical analyzer.

The specification of the lexical analysis consists of three pans:

declaratiors

Volo

panerns and actions

VaVo

auxiliary procedures

The declarations section includes decla¡ations of variables, constants, and definitions.

The pattems and actions are statements of the form:

PI

n1

Pn

{action 1J

{action2}

{actionn}

where each p¡ is a regular expression and each actioni ís a plogram fragment describing

what action the lexical analyzer should take when pattem p¡ matches a lexeme. In LEX,

the actions are written in C; in general, however, they can be any implementation

languages. The third section holds whatever auxiliary procedures are needed by the

actions. The specification of the lexical analyzer can be found in Appendix F.

When called by the parser, the lexical analyzer begins reading its remaining input'

one character at a time, until it has found the longest prefix of the input that is matched by

one of the regular expressions p¡ . Then, it executes actioni. Tpically ' action¡will

reh¡m the control and the token to the parsel. If the token is an identifier, The action¡ also



sea¡ches the symbol table and writes the identifre¡ into the symbol table if it is not in the

table.

4.2, Parsing

The second phase of the compiler is syntax analysis or parsing. The parser obtains

a string of tokens from the lexical analyzer, as shown in Fig. 4.2' and verifies that the

string can be generated by the grammar for the source language' After the tokens pass the

syntax checking, they are used to generate the output of the parser. The output of the

parser of the VHDL compiler is a sample stack machine code which is a list of instructions

and the parameters for the instructions. The tokens a¡e used as the pa¡.ametels in the code.

The parser is also expected to feport any syntax er¡ors, The structure of the parser is

shown in Fig. 4.4.

There are many different aigorithms for syntax analysis and tools to generate

parsers. Every programming language has rules that prescribe the syntactic structure of the

well-formed programs. The syntax of programming language constructs can be described

by context-free grammar or Backus-Naur Form (BNF) nota[ion. YACC [YACC86]' a

parser generator that accepts a context-free grammar description and generates an LALR

parser, is used to generate the paner of the VHDL compiler.

4,2,1, YACC - Yet Another Compiler Compiler

A parser can be constructed using YACC by creating a file containing a
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specification of the parser frst. Then, YACC fansforms the file into a C program called

y.tab,c using the I,{LR method tAsul86l. The program y.tab.c is a representation of an

LALR parser, along with other C routines.

A specification of the parser has three parts:

vol

C language declaratiotrs
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YACC declaration: lexical tokens, grammar variables,

precedence and as sociatíviry information

VaTo

gramtÌnr and actiotß

%a7o

supportinS c routines

The specification of the parser of the VHDL compiler can be found in Appendix E.

Alternate rules are separated by "1". Any gramma¡ rule can have an associated

action, which will be performed when an instance of that rule is recognized in the input.

An action is a sequence of C statements enclosed in braces I and ]. Withi¡ an action, $n

(that is, $1, $2, etc.) refers to the value tetumed by the n-th component of the rule, and

$$ is the value to be returned as the value of the whole rule.

The parser of the VHDL compiler has basically one kind of action which is to add

new instructions and tokens as parameters in the code for the stack machine. Diffe¡ent

grammar rule recognition result in different instructions added to the stack machine code.

4,3, Stack Machine

After the parser process, the result is a list of instructions for a stack machine. The

stack machine is a simple computer. When an operand is encountered, it is pushed onto a

stack; most operators operate on items on the top of the stack.

A stack machine ¡esults in simple compiler. It is just an array containing operators
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and operands. The operators a¡e the machine instructions; each is a function call with its

arguments, if any, following the instructions. Other operands may already be on the

stack. A stack machine is also easy to modify and expand by changing the instruction

functions, or adding new instructions.

The structu¡e of the stack machine is shown in Fig. 4.5. For example, to handle a

signal declaration

signal X: BIT;

the following code is generated by the parser:

CODE COMMENTS

idpush Push symbol table pointer onto stack;

X . .... ' identifíer X;

idpush Push symbol table pointer onto stack;

BIT ......predefinedtYPe BIT;

scode Create a Signal record to store th¿ declaration.

In the code, the boldface strings are stack machine instructions and the others are the

parameters for the instructions. When this code is executed on the stack machine, the

result is an intemal VHDL representation of the signal decla¡ation.

4.3.L, Stack Machine Instructions

The stack machine of the VHDL compiler has 46 instructions. When the VHDL

subset is to be expanded, new instructions can be easily added into the existing instruction

set. The instructions and their brief function descriptions are shown in Table 4.1.
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Fig. 4.5. The stack machine of the VHDL compiler.
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Table 4.1. The stack machine instructions.

NSTRUCTIO¡ FU N CTION NSTRUCTIôÀ FUNCTION

INTPUSH ÞI ISH INTFêFFI ÔNTÔ STACK AND I ô{ltll ÂNn

DPUSH PUSH IDENTIFIER ONTO STACK NAN D LOGIC NAND

POP PÔÞ ID ôR INT FROM STACK OR LOGIC OR

PCODE PROCESS PACKAGE NOR LOGIC NOR

CHKPL ÔI{FfìK PAÍIKAêF NFMF xoR LOGIC XOR

UCODE PFìÔCESS USE-CLAI,JSE EO EOUAL

ECODE PROCESS ENTITY NE NOT EOUAL

CHKE CHECK ENTIÏY NAME GT GREATER THAN

PPCODE PROCESS PINS GE GREATER OR EQUAL

ACODE ÞaôcFcÊ RônY LT LESS THAN

CHKÂ CHECK BODY NAME LE LESS OR EQUAL

TCODE PRÔCFSS TYPE N E GATE NEGATIVE

CDCODE PROCESS COMPONENT DECLA. ADD ADDfTION

FPCODE ÞF¡ôlìFcq FôE¡t\rÂl ÞôFìT suB SUBTFACTION

IDFIRST ÞAôfìFqR INFNTIFìFFI MUL

IDLIST PROCESS IDENTIFIER LIST Dtv DtvtstoN

SCODE PROCESS SIGNAL MOD MODFI

ctcoDE PÞô¿]FSS'lIMPÔNFNT INST REM REMAININGG

EHKCL rìHFôK Er)MPôNFNT LABEL POEWR POWER

SIMNÀMF PROCFSS SIMPLE NAME ABSL ABSOLUTE

FORCODE PFìôCFSS FÔR STATEMNET NOT LOGIC NOT

IFCODE PROCESS IF STATEMENT EVA L EVALUATE VARIABLE

CI.I KG L CHECK GENERATE L.ABEL STOP STOP STACK MACHINE

INTPUSH, IDPUSH and.POP are the three instructions that manipulate the

operands stack. STOP halts the stack machine. The other instructions generate the

IVHDL using the symbol table. The instructions on the left side of Table 4.1. process the

decla¡ations and statements, check the semantic of the VHDL design file. The instructions

on the right side of Table 4.1. ptocess the logic, relational and mathematical operations.

When the stack machine code generated by the parser is executed' the result is a

group of records that contain the information f¡om the VHDL design files. These records

a¡e denoted as Intemal VHDL representations (MDL).
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4.3.2, Internal YHDL Representation (MDL)

The Intemal vHDL Representadon (tvHDL) is a list of reco¡ds called entity list.

Some items in the records are sublists which a¡e lists of some other records. The relation

of the lists is shown in Fig. 4.6.

COMPONENT
DECLARATION LIST

COMPONENT
INSTANTIATION LIST

LEGEN D:

: REcoRD Llsr
PARENTAL AND CHILD LIST RELATION,\ srcuER LEVEL ARE PARENTAL Ltsrs

Fig. 4.6. Intemal VHDL representation'
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4,4. Xilinx Netlist Format Generation

After the IVHDL is obtained, it has to be convened into the i¡ternal Xilinx Netüst

Format (IXNF) in order to generate the XNF files. Xilinx provides a program for the

generation of the XNF file from XNF.

The conversion sta¡ts from the entity list, since each design entity results in an

XNF frle. Then, the sublists in entity list a¡e read, such as signal list, formal port list,

pin list and component instantiation list. The actual pon list is read when component

instantiation is read. While the MDL is read, the corresponding IXNF is generated.

The structure of the netlist generator is shown in Fig. 4'7.

4,4,1, Internal Xilinx Netlist Format

Xilinx provides the internal Xilinx Netlist Format (IXNF) and a program to

generate the XNF files from the IXNF. The IXNF is also a group of recold list that

represents the XNF. WRITENET reads the lists and creates XNF files'

4.5. Flattening

The XNF files generated by WRITENET are still hierarchical files. Some XNF

files are the components in the higher XNF files. The XNF frles need to be flattened

before the design can be implemented. Xilinx also provides the fiattening progam which

reads all the XNF files in the design library a¡d the used XNF files in standa¡d libra¡ies'
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also checks the syntax of the XNF files and reports any XNF syntax eÍors.
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ßig. 4,7. Xilinx Netlist Format generadon.
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CHAPTER 5

IMPLEMENTATION, TESTING AND VERIFICATION

The VHDL compiler is implemented on a SUN wo¡kstation in the C language' The

c program code has a total of 1371 lines. The LEX and YACC tools in the UNIX system

a¡e used to generate the lexical analyzer and the parser. The LEX specification has 75

lines, which results in 537 lines of C program code generated by LEX. The YACC

specification has 285 lines, which ¡esults in 651 lines of C program code generated by

YACC. The total 2559 lines of c code a¡e compiled together with c program code

provided by xilinx for writing and flattening the XNF files. The sizes of the vHDL

compiler for LCA are 98304 KBYTE for SUN3 and 106496 KBYTE for SUN4. The

program lists can be found in Appendix E.

An IBM PC/AT compatible computer is used for the Xilinx LCA Development

System. The PC and the SUN workstation communicate tluough Etherner The XNF files

generated by the VHDL compiler can be transmitted from the SUN workstation to the PC

for implementation.

The vHDL descriptions of circuit designs are compiled into xNF files. The circuit

is implemented and veriñed using the )O.{F files. There are two criteria to verify the VHDL

compiler: i) the xNF files generated by the YHDL compiler must foilow the syntax
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specificâtion of the XNF; and ii), the LCA design in VHDL must function as required.

During the implementation, the logic pa¡titioning and reduction progam reads the XNF

files and checks syntax. Thus, the syntax of the XNF files is verified. The same designs

a¡e also entered using the schematic capture tool Futu¡eNet, implemented and verified.

The implementation and verification results of both designs in schematic and VHDL of the

same circuit are compared in order to verify the function of the VHDL design. The designs

can also be implemented in a demonsuation board. Our testing shows the VHDL compiler

works properly. Several examples are used to test and verify the compiler. The results of

two examples, a 16-bit liner feedback shift register (LFSR) and a 4-bit ALU, are

presented as follows.

5.1, Test 1: 16-bit Liner Feedback Shift Register

The first example is a 16-bit Line¡ Feedback Shift Register (LFSR). The

polynomial of the LFSR is

X12+ xs + 1.

A computer simulation of this LFSR is included in 4.3. of Appendix A.

The LFSR is entered using the schematic capture tool Futu¡eNet and implemented

using the LCA automatic implementation tool. The schematic of the 16-bit LFSR is shown

in Fig. 5.1. The symbols FDRD and FDS a¡e standa¡d cells form the standard library.

The FDRD is a D flip-flop with reset. The FDS is a D flip-flop with set. The

implementation is simulated using SILOS. The simulation result is included in 4.4. of

Appendix A. A graphic ouÞut of this simulation is also shown in Fig. 5.2. The



comparison of 4.3. and 4.4. of Appendix A shows rhe implemenntion works properly

Fig. 5.1. The schematic of ¡he l6-bit LFSR.
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Fig' 5.2. The graphic ouçut of the simulation of the lGbit LFSR

implemented from the schematic.

The LFSR displayed in Fig. 5.2. is described in VHDL description to test our

VHDL compiler. The VHDL descripúon of the LFSR is included in 4.1. of Appendix A.

This VHDL description is compiled by the VHDL compiler which generates the XNF flle

for implementation using the LCA automatic implementation tool. The LCA layout of the

LFSR implemented from the VHDL description is shown in Fig. 5.3.

The LFSR implemented from the VHDL description was also simulated using

SILOS. A graphic output of the simula¡ion is shown in Fig. 5.4. The comparison of

Fig. 5.2. and Fig. 5.4. shows the LFSR implemented from the VHDL description

works properly.
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Fig. 5.4. The graphic output of the simulation of the 16bit LFSR
implemented from the VHDL description.

5.2. Test 2: 4-bit ALU

The second example is a 4-bit ALU wirh rwo conrrol lines. The operarion of rhe

ALU is shown in Table 5.1. C1 and C0 a¡e the rwo conrol lines, CIN is the carry in, I

and Q a¡e the two 4-bit inputs, COUT is the carry out, and F is the 4-bit ourput.

The ALU is entered using rhe schematic capture rool FutureNet and implemented

using the LCA automatic implementation tool. The schemaric of rhe 4-bit ALU is shown in

Fig. 5.5. The symbols GADD and RD4 fronr rhe srandard cell library ¿ue one-bit full
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adder and 4-bit data register. The data register is used to store Q because of the limitation

of the number of switches useable for inputs on the demonstration boa¡d used for testing

the design.

Table 5.1, The operation of the 4-bit ALU.

CONTROL LINES
Fc1 c0

0 U F=Q+ClN
o F=l+ô+ClN

0 F=-l+O+ClN
F=1111+6+ClN

The implementation of the ALU was simulated using SILOS. A graphic output of

the simulation is shown in Fig. 5.6. The implementation was also tested on a DEMO

board, which shows the design works properly.

The VHDL description of the 4-bit ALU is written to test our VHDL compiler. The

VHDL description of the ALU is included in 4.2. of Appendix A. This VHDL description

is compiled by the VHDL compiler which generates the XNF file for implementation using

the LCA automatic implementation tool, The LCA layout of the ALU implemented from

the VHDL description is shown in Fig. 5.7.

The ALU implemented from the VHDL description was simulated using SILOS

and also tested on the demonsEation board. A graphic ouÞut of the simulation is

shown in Fig. 5.8. Both the te¡ting on the demonstration boa¡d and the comparison of

Fig. 5.6. and Fig. 5.8. show the ALU implemented from the VHDL description

works properly.
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Fig. 5.5. The schematic of rhe 4-bir ALU.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

An electrical circuit may include tens of hund¡eds of components. It is one of the

most difficult problems to cope with the complexity in ci¡cuit design process. CAE tools

have been developed to help the designers implement and verify their designs. A circuit

description hæ to be entered irto the computer in machi¡e understandable forms in order to

use CAE tools. Circuit description may be in textual format or graphical format, or both.

Ha¡dware Description Languages (tIDLs), formalized modular languages to describe

elecEonic circuits, are becoming increasingly popular because they are easy to create,

modify and store.

The technology to implement a circuit design is also an imponant factor of design

complexity. It is very difficult to obtain optimized circuit layout for a full custom VLSI,

while acceptable layout may be obtained fo¡ semi-custom VLSI such as gate arrays and

PLDs. The user programmable gate arrays LCA combines both the flexibility of gate

anays and dre insunt availability of PLDs. The LCAs a¡e also reprogmmmable.

The density of LCAs is from 1200 to 9000 equivalent gates. A dedicated CAE

system is provided to support the LCA design. A circuit design can be entered using

schematic tools or PALASM. However, the device like LCA should have the option of



using an HDL as design entry. ln this thesis, a subset of the IEEE standard VHDL is

chosen for LCA design. A VHDL compiler was developed to accept YHDL architectu¡al

descriptions and generate the XNF files for LCA implementation tools. The

implementations f¡om VHDL descriptions using the compiler a¡e the same as those from

schematics using the schematic capnue tools supported by Xili¡x.

This compiler enables the designer to use ha¡dwa¡e description language as the

design entry option. Compared with the raditional graphical design entry approach,

hardware description languages are easy to create and modify, and serve as documentation

of the design. This compiler can also provide an interface with other VLSI design systems

so that the LCA cur be used for prototyping of the VI-SI design. In addition, we anticipate

that graphical design system will be unable handle the increasingly complexity of

sophisticated system design. Fo¡ this reason, the VHDL tool developed here will directly

contribute to our effons in promoting system level design space exploration in our

laboratory.

As demonsrated in the previous chapten, this resea¡ch work has the following key

confibutions:

1. Studied the LCA technology and its design methodology. Its instant

implementation is especially well suited for electronic breadboarding and

educational purposes. An HDL is needed for LCA as a design entry option' The

HDL forLCA can be compiled into XNF, which is the interface of the LCA

implementation tools.

2. Studied HDLs, especially rhe YHDL. A YHDL architectural description subset is
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chosen and adopæd for LCA design.

3. Developed a VHDL compiler for LCA design. The compiler accepts the VHDL

archiæctu¡al description files and generates the XNF files. Tools such as LEX and

YACC for compiler design and the stack machine structu¡e a¡e used in the compiler

design for easy further development.

4. The compiler is tested and verifîed through examples. Two examples are

demonstrated to show the compiler works properly.

Further development of the resea¡ch work is rccommended as follows:

1 . The compiler can be expanded to accept VHDL dataflow and behavioural

descriptions. The work should concentrate on the development of the synthesis

fo¡m the dataflow and behaviour to a¡chitectu¡e.

2. A plaÉorm can be developed for educational purpose. An AHPL compiler for

LCA can be developed since it is used widely in educational a¡eas'

3. A plaform can be built for VLSI design prototyping' The design entry method

used for the VLSI design can be adopted fo¡ LCA. Thus, a VLSI design can be

prototyped using LCAs eæily before its fabrication.
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APPENDTX A

EXAMPLES AND SIMULATION RESULTS

Ä.1. VHDL DESCRIPTION OF THE 16.8IT LFSR

This is the architeclural description of a 16-bit LFSR.
It is used tor testirE the VHDL2XNF compiler, veßion 2.

Bing Liu
Department of Eleclrical Engineer¡ng
University of Manitoba

package BUSES ls
type BUSS-I 6 ls array (0 to 15) of BIT;

end;

use BUSES;
entlty LFSRl6 ls

pon ( CLK: ln BIT;
RET : ln BIT;
Q: out BUss_16);

plns ( CLK : P19;
RET: P2O;
Q(0) : P22;
O(1) : P53;
O(2) : Ps4;
Q(3) : Pss;
Q(4) : Ps6;
Q(5) : P57;
0(6) : P58l
Q(7) : P59;
Q(8) : P61 ;

Q(e) : P62;
O(10) : P63;
Q(11) : P64;
Q(12) :P65;
Q(13) : P66;
O(14) : P67;
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A(15) : P68);
end;

archltedure LFSR-BODY of LFSR16 ls
component fdrd port ( D, C : ln BIT;

RD : ln BIT;
Q : oul BIT);

end component; - D flip{lop wilh reset lrom slandard library

component ds port ( D, C: ln BIT;
S : ln BIT;
Q : out BIT);

end component; - D f lip{lop with set lrom standard l¡brary

componenl xorz Port ( 11, 12 : ln BIT;
O : ot¡l BIT);

end component; - 2 inputs XOR gate lrom slandard library

component ibul port ( l: ln BIT;
O : oul BIT);

end component; - input bulfer lrom starìdard library
component obuf port ( l: ln BIT;

O : out BIT);
end componenl; -- output buffer from standard library

slgnal x1, x2, clocK, RESET : BIT;
slgnal QD : BUSS-16;

begln
for cnt ln 0 to 15 generate

obul port map (OD(cnt), Q(cnt)):
end genefatê;

ibuf froft map (cLK, CLOCK);
ibuf port map (RET, RESET);

xor2 port map (OD(o), aD(a), x1);
xor2 port map (oD(o), aD(11), X2);

LFSR : lor cnt ln 0 to 15 generate
lfcnt=0gênerate

fds port map (QD(cnt+1), CLOCK, RESET, QD(cnt));
end generatet

lf (cnt > 0) and (cnt < 3) generate
ldrd port map (QD(cnt+1), CLOCK' RESET' OD(cnt));

ênd generate;
ll cr¡l = 3 generate

fdrd port map (X1, CLOCK, RESET' QD(cnt));
end generatei
lf (cnt > 3) and (cnt < f0) generate

ldrd port map (OD(cnt+l), CLOCK' RESET' QD(cnt));

end gonefate;
ll cnt = 10 genorate

ldrd port map (X2, CLOCK, RESET, OD(cnt));
end gêneratei
lf (cr > 10) and (cnt < 15) genêrate
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fdrd Pon map
end genêrate;
lf cnt = 15 generato

fdrd Port map
ond generate;

end genêfate LFSR;

(QD(cnr+1), CLOCK, RESET, OD(cnt));

(OD(O), CLOCK, RESET, OD(cnt));

end;

A.2. XNF FILE OF THE 16.8IT LFSR GENERATED FROM THE

VHDL DESCRIPTION

LCANET, 1

PROG, FLATTEN, 1.00, Created from: Ìfsr16.hdl' Wed Sep 20 02:10:05 1989

PROG, vhdl2XNF, 2.00, Crealed from: tfsr16.hdl, Wed Sep 20 02:10:05 1989

PART, 2064pc68-33
SYM, Output-18, xor
PtN, 1,I, ODll
PtN,2, I, QDo
PtN, O, O, Xl
END
SYM, Oulput-17, xor
PtN, 1, I, ODl1
PtN,2, I, QDo
PtN, O, O, X2
END
sYM, Dl-2-16, OR
PtN, 1, I, QDl
PIN,2, I, RESET
PtN, O, O, Dt-16
END
sYM, O-1-16, DFF
PrN, C, r, CLOCK
PtN, D, I, Dl-16
PIN, O, O, QDO
END
sYM, O-2-15, DFF
PrN, C, r, clocK
PIN, D, I, QD2
PtN, Q, O, ODl
PIN, RD, I, RESET
END
SYM, O-2.14, DFF
PtN, C, I, CLOCK
PIN, D, I, QD3
PtN, Q, O, OD2
PIN, RD, I, BESET
END
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SYM, Q.2-13, DFF
PrN, C, r, CLOCK
PIN, D, I, Xf
PIN, Q, O, QD3
PIN, RD, I, RESET
END
SYM, Q-2-12, DFF
PrN, C, r, OLOCK
PIN, D, I, QDs
PIN, O, O, Qùt
PIN, RD, I, RESET
END
SYM, Q-2-1 1, DFF
PrN, C, r, CLOCK
PIN. D, I, QD6,
PtN, O, O, ODs
PIN, RD, I, RESET
END
SYM, Q-2-10, DFF
PrN, C, r, CLOCK
P¡N, D, I, OD7
PtN, O, O, OD6
PIN, RD, I, RESET
END
SYM, Q-2.9, DFF
PrN, C, r, CLOCK
PIN, D, I, QD8
PrN, O, O, QD7
PIN, RD, I, RESET
END
SYM, Q-2€, DFF
PrN, C, r, CLOCK
PIN, D, I, QDg
PIN, Q, O, QD8
PIN, RD, I, RESET
END
SYM, Q.2.7, DFF
PtN, C, I, CLOCK
PIN, D, I, QDlO
PIN, Q, O, QDg
PIN, RD, I, RESET
END
SYM, Q-2-6, DFF
PtN, C, I, CLOCK
PIN, D, I, X2
PtN, O, O, OD10
PIN, RD, I, RESET
END
SYM, Q.2-5, DFF
PrN, C, r, CLOCK
PtN, D, I, ODl2
PtN, O, O, ODl1
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PIN, RD, I, RESET
END
SYM, Q.24, DFF
PtN, C, I, CLOCK
PIN, D, I, QD13
PIN, Q, O, QD12
PIN, RD, I, RESET
END
SYM, Q.2.3, DFF
P¡N, C, I, CLOCK
PIN, D, I, QD14
PrN, O, O, QD13
PIN, RD, I, RESET
END
sYM, Q-2-2, OFF
PrN, C, r, CLOCK
PIN, D, I, QD15
PIN, Q, O, QD14
PIN, RD, I, RESET
END
SYM, Q.2-1, DFF
PtN, C, I, CLOCK
PIN, D, I, QDO
PrN, Q, O, OD15
PIN, RD, I, RESET
END
SYM, LFSR-BODY19, IBUF
PIN, O, O, RESET
PIN, I, I, RET
END
SYM, LFSR-BODY2O, IBUF
PrN, O, O, CLOCK
PtN, I, I, CLK
END
SYM, LFSR-BOOY21, OBUF
PrN, O, O, 015
PtN, I, I, OD15
END
SYM, LFSR-BODY22, OBUF
PtN, O, O, Q14
PrN, r, I, QD14
END
SYM, LFSR-BODY23, OBUF
PtN, O, O, 013
PtN, I, I, QD13
END
SYM, LFSR-BODY24, OBUF
PtN, O, O, 012
PtN, l, I, QDl2
END
SYM, LFSR BODY2s, OBUF
PrN, O, O, 011
PtN, t, I, ODl1
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END
SYM, LFSR-BODY26, OBUF
PrN, O, O, Q10
PtN, I, I, QD10
END
SYM, LFSR-BODYz7, OBUF
PtN, O, O, 09
PtN, t, I, ODg
END
SYM, LFSR-BODY28, OBUF
PrN, O, O, Q8
PtN, I, I, QD8
END
SYM, LFSR-BODY2g, OBUF
PrN, O, O, Q7
PrN, r, l, oD7
END
SYM, LFSR-BODY3O, OBUF
PtN, o, o, Q6
PtN, I, I, OD6
END
SYM, LFSR-BODY31, OBUF
PtN, O, O, 05
PtN, I, I, ODs
END
SYM, LFSR-BODY32, OBUF
PrN, O, O, 04
PIN, I, I, QD4
END
SYM, LFSR-BODY33, OBUF
PrN, O, O, 03
PtN, r, r, QD3
END
SYM, LFSR-BODY34, OBUF
PtN, O, O, Q2
PrN, I, I, OD2
END
SYM, LFSR-BODY3s, OBUF
PrN, O, O, Q1
PtN, I, I, QDl
END
SYM. LFSR-BODY36, OBUF
PrN, O, O, O0
PIN, I, I, QDO
END
EXT, RET, I,, LOC=P2o, BLKNM=RET
EXT, 09, O,, LOC=P62' BLKNM=Q9
EXT, Q8, O,, LOC=PôI' BLKNM=AB
EXT, Q7, O,, LOC=Psg' BLKNM=Q7
EXT, Q6, O" LOC=PS8, BLKNM=Q6
EXT, 05' O" LOC=P57, BLKNM=Qs
EXT, Q4, O,, LCC=P56, BLKNM=Q4



EXT, Q3, O,, LCIC=Pss, BLKNM=Q3
EXT, Q2, O,, LOC=P54, BLKNM=Q2
EXT, Q15, O,. LOC=P68, BLKNM=Q15
EXT, Q14, O,, LOC=P67, BLKNM=Q14
EXT, Q13, O,. LOC=Pô6, BLKNM=Q13
EXT, Q12, O,, LOC=P65, BLKNM=Q12
EXT, Q11, O" LOC=P64, BLKNM=O11
EXT, 010, O,, LOC=P63' BLKNM=Q10
EXT, Q1, O,, LC|C=P53, BLKNM=QI
EXT, O0, O,, LOC=P22, BLKNM=Qo
EXT, CLK' l', LOC=P19, BLKNM=CLK
EOF

A.3. COMPUTER SIMULATION OF THE 16 BIT LFSR

The following is the result of a computer simulation of the lGbit LFSR

x12+ x5 + 1.

The list shows 200 clock cycles of running time.

1 000000000000000
0001 000000100001
0010000001 00001 0
01 000000r 0000100
10000001 00001 000
0001 001000r 1 0001
0010010001 r 0001 0
010010001 1 000100
10010001 10001000
001 f 001 1001 1 0001
01 1001 1001 100010
1 1 001 1 00r I 0001 00
10001001 10101001
0000001 101 1 I 001 1

000001 101 1 1 001 10
00001 101 1 r 001 100
0001 101 r 1001 1000
0011011100110000
01 101 1 1001 100000
1 1 0r 1 1001 1000000
10101 001 101 00001
0100001 101 10001 1

100001 101 1 0001 1 0
0001 1 10r 10101 101
001 1 101 10101 1 010
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011101 1010110100
1 1 101 r 0101 101000
110010101f110001
10000101 I 100001 I
0001101f101001 11

001 1 01 't 101001 1 1 0
0110111010011100
1 101 1 101001 1 1000
1 0101010010r 0001
01 0001001 000001 1

1000r00100000110
0000001000101 101
000001000101 1 010
00001 000101 10100
0001 000101 101000
001 000101 1010000
01000f 01 10100000
1 000101 1 01000000
000001 101 0100001
00001 1 010100001 0
0001 r 01010000100
001 10101 00001 000
01 101 0100001 0000
1 101 01 0000100000
101 1 100001 100001
01 1000001 I I 0001 1

1 1 000001 1 10001 10
1001 001 1 1 0101 101
001 1011101111011
0110fi 1011110110
11011101.l1101100
1010101 111111001
0100011111010011
1000111110100110
00001 f 1 101 101 101
0001 111011011010
0011110110110100
0111101f01101000
1 I 1 1 01 101 101 0000
1111110110000001
1 1 10101 1 0010001 f
1 10001 1001 1001 1 1

1001110011101111
0010100111111111
0101001111111110
1010011111111100
0101111111011001
1011111110110010
0110111101000101
1101111010001010
101 01 101001 10101
010010r 00100101 1

1 0010100 1001 01 10
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001 1 100100001 101
011100100001 1010
1110010000110100
1 101 100001001001
10100000101 1 001 1

0101 000101 0001 1 1

1010001010001 1 10
0101010100111101
1010101001 1 1 1010
010001001 1 010101
1 0001001 10101010
0000001101110101
000001101 1101010
00001 101 1 1010100
0001 101 1 10101000
001 101 1 10101 0000
01 101 1 1010100000
I 101 1 t0101000000
101 0101010100001
01000101 01 1 0001 I
100010101 10001 10
000001 01 10101 101
0000101 10101 1 010
000r 01 10101 1 0100
0010110101101000
0101 10101 101 0000
1 0r 1 0101 10100000
0111101101100001
111101101 1000010
1111110110100101
1 1 10101 101 101 01 1

1100011011110111
100111011100111f
0010101110111111
0101011101111110
10.l0r110111i1100
0r 001 101 1 101 1001
1001 101 1 101 10010
001001 1 101000101
0r 001 1 1010001010
100f I 1010001 0100
001 0101000001001
010101000001 0010
1010100000100100
0100000001r01001
100000001 101 0010
00010001 10000101
0010001 100001010
0100011000010100
1000 r 10000101 000
0000100001 1 1 0001
0001 00001 1 100010
001 00001 1 1000100
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0100001r1000r000
1 00001 1 100010000
0001 r 1 1000000001
001 f 1 10000000010
01 1 1 100000000100
1111000000001000
1111000000110001
1111000001000011
1111000010.l00111
1111000101 101111
1111001011111111
1111010111011111
1111101110011111
111001f100011111
110111100001 1111
1010110000011111
0100100000011111
1001000000111110
001 100000101 1 101
01100000101 11010
1 1 000001 01 1 1 01 00
1001 00101 1001001
001 1 0101 1 01 1001 1

01 10101 101 100f 1 0
1 101 01 101 1001 100
101f1r0110111001
01 101 01 10101 001 1

1 I 01 01 10101001 10
1011110101101101
0110101011111011
1101010111110110
1011101111001101
01 1001 1 1 101 1 101 1

1100111101110110
10001 1 101 1001 101
00001 101 101 1 101 1

0001 101 101 I 101 10
001 1 01 101 't 101 100
01 101 101 1 101 1000
1 10r 101 1 101 1 0000
r 01001 1 10100000r
0101111010100011
10111101010001 10
0f 10101010101 1 0l
1 101 01 010101 101 0
101 1 101010010101
01 r 00f 010000101 1

1 10010100001 01 10
1000010000001 101
0001 1000001 1 101 1

0011000001 1r0110
01 1000001 1 101 100
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f 1000001 1 101 1000
1001001 1 10010001
001 1 0l 1 10000001 't

01 101 1 10000001 10
1 

.l01 I 1 0000001 100
1 0101000001 1 1001
01 0000000101 001 1

10000000101001 10
0001000101 101 101
001000101 101 1010
01000101 101 I 0100
1000101101 101000
0000011011110001
0000110111100010
0001 101 I 1 10001 00
0011011110001000
0110111100010000

A.4. SIMULATION OF THE IMPLEMENTATION OF THE LFSR

The following is the result of the simulation of the 16-bit LFSR implemented

from the schematic. The simulator, SILOS uses the netlist translated from the XNF

file of the LFSR. The XNF file is generated from the LCA design file which is the

physical layout of the LFSR. The list also shows 200 ciock cycles simulation. The

clock speed is 300ns.

P/C-SILOS 3C.8' OUTPUT 09:37:41 Sept 20' 1989

LFSR-SCH.DAT

$

$

oooooaoaooooa0oo

' 01234567891111L1
ô12345

PPPPPPPPPP..,,,.
À À À À À À Â Â ÀÀpPPPPP

: DDDDDDDDDDÀ.AÀåÀÀ
DDDDDD

1 000000000000000
0001 000000100001

TIME
300
600
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900 0010000001000010
1200 01000000r 0000100
1500 1000000100001000
1800 0001001000110001
2100 0010010001100010
2400 0100100011000100
2700 10010001 10001 000
3000 001100110011000f
3300 01 1001 1001 100010
3600 1 1001 1001 1000100
3900 1000r00110r01001
4200 000000110111001 I
4500 000001 l0l 1 1001 1 0
4800 00001 101 1 1001 100
5100 0001 101 1 1001 1000
5400 001 1 01 I 1001 1 0000
5700 0110111001100000
6000 1101 110011000000
6300 1010100110100001
6600 01 00001 101 10001 1

6900 100001 1 01 10001 10
7200 0001 1 101 101 01 1 01
7500 001 1 1 0t 1 0101 1010
7800 01 I 1 01 101 01 1 0100
8100 f110110101101000
8400 1100101011110001
8700 10000101 1 100001 1

9000 000 1 1 01 1 101 001 I 1

9300 001 1 01 1 101001 1 10
9600 011011101001 1100
9900 1101 110100111000

10200 1010101001010001
10500 0100010010000011
10800 1000100100000110
11100 0000001000101101
1 1 400 000001000101 1010
11700 0000100010110100
1 2000 0001 000101 101000
12300 0010001011010000
12600 01000101r0100000
12900 1000101101000000
13200 000001 101 0100001
13500 0000110101000010
13800 00011010r0000100
14100 0011010100001000
14400 0110101000010000
14700 1 101 010000100000
15000 101 1 100001 100001
15300 01 1000001 1 10001 1

15600 1100000111000110
15900 1001001110101101
16200 001101f10I111011
16500 0110111011110110
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16800 110fI10111101100
17100 101010111111100f
17400 010001I11t0t001I
17700 1000111110100110
18000 0000111101101101
18300 000f111011011010
18600 001 1 1 101 101 1 0100
18900 01 1 1 10f 1 01 101000
19200 1111011011010000
19500 1111110110000001
19800 1110101100100011
20100 1100011001100111
20400 10011,l0011101111
20700 0010100111111111
21000 0101001111111110
21300 1010011111111100
21600 0101111111011001
21900 1011111110110010
22200 0110111101000101
22500 1101111010001010
22800 1010110100110101
23100 0100f01001001011
23400 1001010010010110
23700 0011100100001101
24000 01 1 1 00100001 1010
24300 1110010000110100
24600 1101100001001001
24900 10100000101 1001 1

25200 0101000101000111
25500 101 0001010001 1 10
25800 0101 0101 001 1 1 101
26100 1010101001111010
26400 0100010011010101
26700 10001001 1010101 0
27000 0000001 10f 1 1 0101
27300 0000011011101010
27600 0000r10f 11010100
27900 0001r01110101000
28200 0011011101010000
28500 01 101 1 1010100000
28800 1f01110101000000
29r00 1010101010100001
29400 0100010101100011
29700 f000101011000110
30000 00000101 10101 101
30300 00001 01 10101 1010
30600 000101 10101 10100
30900 0010110101101000
31200 0101 10101 101 0000
31500 101 1 0101 10100000
31800 01 1 1 1 01 101 100001
32r00 1111011011000010
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32400 1111110t10100101
32700 1110101101101011
33000 1100011011110f11
33300 1001110111001111
33600 0010101110111111
33900 01010f 110f 111110
34200 1010111011111100
34500 0f 00 r 101 1 101 1001
34800 1001 1 01 I 101 1 0010
35100 0010011101000r01
35400 01001 1 101 0001010
35700 1001 r 10100010100
36000 0010101000001001
36300 01010r0000010010
36600 10r0100000100100
36900 0100000001101001
37200 1000000011010010
37500 0001000r10000101
37800 0010001100001010
38100 0100011000010100
38400 1000110000101000
38700 0000100001110001
39000 0001 00001 f 1 00010
39300 001 00001 1 1000100
39600 0100001110001000
39900 1000011100010000
40200 0001111000000001
40500 0011110000000010
40800 0111100000000100
41100 1111000000001000
41400 1111000000110001
41700 1111000001000011
42000 1111000010100111
42300 1111000101101111
42600 1111001011111111
42900 1111010111011111
43200 11111011.l0011111
43500 111001f100011111
43800 110t111000011111
44100 1010110000011111
44400 0100100000011111
44700 1001000000111110
45000 001r000001011101
45300 01 100000101 1 1010
45600 1100000101110100
45900 1oO1oO1o110o1o01
46200 001 1 01 01 1 01 1001 1

46500 0110101101100f10
46800 1 10101 1 01 1001 100
47100 101 11101 101 11001
47400 0110101101010011
47700 1101011010100110
48000 10t1110101101101
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48300 011010101.l111011
48600 1101010111110110
48900 101 I 10't I 1 1001 101
49200 01 1001 1 1 101 1 101 I
49500 11001111011f0110
49800 10001 I 101 1001 101
50100 00001 'r01 101 1 101 I
50400 0001 101 101 1 1 01 10
50700 0011011011101100
51000 01 101 101 1 101 1000
51300 1 101 101 1 101 1 0000
s1 600 101001 I 101000001
51900 0101 1 1 10101 0001 1

52200 1011110101000110
52500 0110101010101101
52800 I 10101010101 1010
53100 101 1 101 01001 0101
53400 0110010100001011
53700 1 10010100001 01 10
54000 1000010000001101
54300 0001 1000001 1 101 I
54600 001 .l000001 

1 1 01 10
54900 0110000011101100
55200 1r00000111011000
55500 1001 001 1 1001 0001
55800 0011011100000011
56100 0110f11000000110
56400 1101110000001100
56700 10101000001 1 1001
57000 0100000001 01001 1

57300 1000000010100110
57600 0001 0001 0l 101 101
57900 0010001011011010
58200 010001 0l 101 1 0100
58500 1000101101101000
58800 0000011011110001
591 00 00001 101 1 1 100010
59400 0001101111000100
59700 00f1011110001000
60000 0110111100010000

A,5. VHDL DESCRIPTION OF THE 4.BIT ALU

- This is the architêclural descdption ol a 4+it ALU

- lt ¡s used for leslirE lhe VHDL2XNF corìpiler, Version 2.0.

-- Bing Liu
-- Deparlment ol Elêctdcal Engineering
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- University of Manitoba

package BUSES ls
type CONTROL_LINÊS ls array (0 to 1) of BIT;
type BUSS_4 ls array (0 to 3) ol BlTi

end:

USE BUSES;
entlty ALUI ls

pon (4, B : ln BIT;
C¡n : ln BIT;
Conlrol : ln CONTROL-LINES;
OulPUt : out BIT;
Cout : out BIT);

end;

archltectu¡e ALUI_BODY of ALUl ls
component inv porl (l : ln BIT; o : oul BIT);
end componenl; - inverlor lrom slarìdard library
component nand2 port (11 , 12 : ln BIT; o : out BIT);
end componenli - 2 inputs NAND gate lrom standard library
component gadd pon (4, B, Ci : ln BIT; S, Co : out BIT);
end component; - 1-bitlull adderfrom standard library

slgnal A_rþt, X1, X2, X3 : BIT;

begln
invertor: inv pon map (4, A_rþl);
nand-g1 r nand2 port map (4, Control(o), X1);
nand_g2: nand2 port map (A-not, Control(1), X2);
nand 93 : nand2 fþrt map (X1, X2, X3);
lull-adder: gadd porl map (X3, B, Cin, Output, Cout);

end;

USE BUSES;
entlly ALU4 ls

port ( sws :

SW6 :

SW4 :

SW:
SW7 :

o:
04:

plns ( SW7 :

sw6 :

SW5 :

SW4 :

sw(o) :

sw(1) :

sw(2) :

sw{3) :

q0) :

ln BIT;
ln BIT:
ln BIT;
ln BUSS_4;
ln BIT;
OUI BUSS-4;
our BIT);
P11;
P13;
P15;
P17 i
P24i
P23;
P21i
P19;
P29i

- control line 0

- control line 1

- câfry in
-- input 0 to 3

- clock
-- output 0 to 3
- carry oul
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O(1) : P30;
O(2) : P31;
O(3) : P32;
04 : P33);

end;

archltecture ALU-BODY of ALU4 ls

typ€ INTERNAL_CARRY ls sray (0 lo 2) of BIT;

component ALUl
Port(A,B: ln BIT;

Ch : ln BIT;
CONTTOI : IN CONTROL-LINES;
Output : out BIT;
coln: out BIT);

end component; - 1-bit slice ALU entity previously def ined
component rd4

port ( D: ln BUSS-4;
C : ln BIT;
Q: out BUSS-4);

end component; - +bit dala feg¡sler from standafd library
component ibuf pon ( I : ln BIT; O: ot¡t BIT);

end component; - input buffer lrom standard library
component obuf pon (l:ln BIT; O:out BlÏ);
end componenl; - output bufler lrom slandard l¡brary

slgnal Carry : INTERNAL_CARRY;
slgnal I, F, B: BUSS_4;
slgnal C : CONTROL_LINES;
slgnal Cin, Cout, CH<:BlT;

begln
for cnl ln 0 to 3 generate

ibul port map (Sw(cnl), l(cnt));
obuf Port map (F(cnt), O(cnt));

end gênefate;

ibuf pon map (Sws, C(0));
ibul port map (Sw6, C(1));

ibuf port map (SW4, Cin);
ibul pon m8p (SW7, Clk);
obul pon map (Cout, O4);

Register: rd4 Porl map (1, Clk, B);

ALUS: lor cnt ln 0 to 3 generate
lfcnt=0generate

ALUI port map (l(cnt), B(cnt), Cin, C, F(cnt), Carry(cnt));
end generale:
lfcnl=Sgenerale
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ALUI poÌt map (l(cnt), B(cnt), Carry(cnt-l), C, F(cnt),
end geno.ate;
lf (cnt > 0) and (cnt < 3) genefåte

ALUI port map (l(cn0, B(cnl), Carry(cnt-f), C, F(cnt),
end genorate;

end genêral€ ALUS;

Cout):

Carry(cnt));

end;

A.6. XNF FILE OF THE 4.BIT ALU GENERATED FROM THE

VHDL DESCRIPTION

LCANET, 1

PROG, FLATTEN, 1.00, Created from: ALU4.HDL,TueSep 1921:29:38 1989
PROG, vhdl2xnf, 2.00, Crsaled lrom: ALU4.HDL, Tue Sep 19 21 :29:37 1989
PART, 2064pc68-33
SYM, Oulput-21, NAND
PtN, 1, I, C0
PtN,2, I, t3
PtN, O, O, Xf -l
END
SYM, Outpuþ2o, NAND
PtN, 1, I, C1
PtN,2, I, A_NOT-I
PtN, O, O, X2-1
END
SYM, Outpul-l9, NAND
PtN, 1, I, X2-1
PtN,2, I, X1-1
PrN, O, O, X3-1
END
sYM, S-5-18, XOR
PtN, 1, I, X3l
PtN,2, I, 83
PIN,3, I, CARRY2
PtN, O, O, F3
END
SYM, AG4-18, AND
PtN, 1, I, X3-1
PIN,2, I, CARRY2
PtN, O, O, AC-18
END
SYM, BC-3-18, AND
PtN, I, I, 83
PIN,2, I, CARRY2
PtN, O, O, BC-18
END
SYM, Co-2-18, OR
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PtN, 1, I, AB-18
PtN,2, I, BC-18
PtN,3, I, AC-18
PrN, O, O, COUT
ËND
SYM, AB-1.18, AND
PtN, 1, I, 83
PtN,2, I, X3-1
PtN, O, O, AB-18
END
SYM, Output-17, NAND
PtN, 1, I, C0
PtN, 2, I, 12

PtN, O, O, Xl-2
END
SYM, Output-16, NAND
PtN, 1, I, C1

PtN,2, I, A_NOT-2
PrN, O, O, X2-2
END
SYM, Output-15, NAND
PtN, r, I, X2-2
PtN,2, I, X1-2
PtN, O, O, X3-2
END
sYM, S-5-14, XOR
PtN, 1, I, X3-2
PrN, 2, I, 82
PIN,3, I, CARRYI
PtN, O, O, F2
END
SYM, AC.4-14, AND
PtN, 1, t, X3-2
PIN,2, I, CARRY1
PrN, O, O, AC-14
END
SYM, 8C.3.14, AND
PtN, I, I, 82
PIN,2, I, CARRYI
PrN, O, O, BC-14
END
SYM, Co-2-14, OR
PrN, 1,I, AB-14
PtN,2, I, BC-l4
PrN,3, l, AC-14
PIN, O, O, CARRY2
END
SYM, AB-1I4, AND
PtN, 1, I, 82
PtN,2, I, X3-2
PtN, O, O, AB-14
END
SYM, Outpul-13, NAND
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PrN, 1, I, C0
PtN,2, I, ll
PtN, O, O, X1-3
END
SYM, Outpuþ12, NAND
PtN, 1, I, C1
PIN,2, I, A-NOT-3
PrN, O, O, X2-3
END
SYM, Output-l I, NAND
PtN, 1, I, X2-3
PtN,2, t, X1-3
PtN, O, O, X3-3
END
sYM, S-5-10, XOR
PtN, I, l, X3-3
PtN, 2, I, 81
PIN,3, I, CARRYO
PtN, O, O, Fl
END
SYM, AC-4-10, AND
PtN, 1, I, X3-3
PIN,2, I, CARRYO
PrN, O, O, AC-10
END
SYM, BC-3-10, AND
PtN, 1, I, 81
PIN,2, I, CARRYO
PlN, O, O, BC-l0
END
SYM, Co-2-10, OR
PtN, 1, I, AB-10
PtN,2, I, BC-l0
PrN,3, I, AC-10
PIN, O, O, CARRYI
END
SYM, AB-1-10, AND
PtN, 1, I, Bl
PtN,2, I, X3-3
PrN, O, O, AB-10
END
SYM, Oulput-g, NAND
PtN, 1, t, C0
PtN,2, r, r0
PtN, O, O, X14
END
SYM, Oulput€, NAND
PtN, 1, I, C1

PtN,2, I, A_NOT-4
PtN, O, O, X24
END
SYM, Outpuþ7, NAND
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PtN, 1, I, X2-4
PtN,2, I, X14
PtN, O, O, X34
END
sYM, 5-5-6, XOR
PtN, 1,I, X34
PtN,2, I, B0
PtN,3, r, crN
PtN, O, O, F0
END
SYM, AC-4-6, AND
PtN, 1,I, X34
PtN,2, I, CtN
PtN, O, O, AC-6
END
SYM, BC-3-6, AND
PtN, 1, r, B0
PtN,2, I, CIN
PrN, O, O, BC-6
END
SYM, Co-2-6, OR
PtN, I, I, A8-6
PtN,2, I, BC-6
PtN,3, I, AC-6
PIN, O, O, CARRYO
END
SYM, AB-1-6, AND
PtN, 1, I, B0
PtN,2, I, X34
PtN, O, O, A8-6
END
SYM, Q3-4.5, DFF
PrN, C, r, CLK
PrN, D, I, t3
PIN, Q, O, 83
END
sYM, 02-3-5, DFF
PrN, C, I, CLK
PlN, D, I, t2
PrN, O, O, 82
END
sYM, 01-2-5, DFF
PrN, C, I, CLK
PtN, D, t, ¡f
PrN, O, O, 81
END
SYM, QG1.5, DFF
PrN, C, r, CLK
PtN, D, r, r0
PIN, Q, O, BO

END
SYM, INVERTOR4, INV
PtN, O, O, A_NOT-4
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PtN, I, I, t0
END
SYM, INVERTOR€, INV
PtN, O, O, A_NOT-3
PtN, I, I, l1
END
SYM, INVERTOR.2, INV
PrN, O, O, A_NOT-2
PtN, I, I, t2
END
SYM, INVERTOR-I,INV
PlN, O, O, A_NOT-í
PtN, I, I, t3
END
SYM, ALU-BODY6, OBUF
PrN, O, O, 04
PrN, t, I, COUT
END
SYM, ALU-BODY7, IBUF
PrN, O, O, CLK
PtN, I, I, SW7
END
SYM, ALU-BODY8, IBUF
PrN, O, O, CrN
PtN, I, r, SW4
END
SYM, ALU-BODYg, IBUF
PtN, O, O, Cl
PtN, t, I, SW6
END
SYM, ALU-BODYIO, IBUF
PrN, O, O, C0
PrN, I, r, SW5
END
SYM, ALU-BODY1 1, OBUF
PrN, O, O, 03
PtN, I, I, F3
END
SYM, ALU-BODY12, IBUF
PtN, O, O, t3
PrN, r, l, sw3
END
SYM, ALU-BODYI3, OBUF
PrN, O, O, 02
PtN, I, I, F2
END
SYM, ALU-BODY14, IBUF
PtN, O, O, t2
PtN, r, r, sw2
END
SYM, ALU-BODY15, OBUF
PtN, O, O, 01
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PtN, I, I, F1

END
SYM, ALU_BODY16, IBUF
PtN, O, O, r1

PtN, r, r, sw1
END
SYM, ALU-BODY17, OBUF
PtN, O, O, O0
PtN, I, I, F0
END
SYM, ALU-BODYI8, IBUF
PtN, O, O, l0
PrN, I, I, SWo
END
EXT, Sw7, 1,, LOC=P1 I, BLKNM=SW7
EXT, Sw6, 1,, LOC=P13, BLKNM=SW6
EXT, SWs, t,, LOC=P15, BLKNM=SWs
EXT, SW4, t,, LOC=P17, BLKNM=SW4
EXT, SWs, t,, LOC=PI9, BLKNM=SW3
EXT, SW2, t,, LOC=P21, BLKNM=SW2
EXT, SW1, t,, LOC=P23, BLKNM=SW1
EXT, SwO, 1,, LOC=P24, BLKNM=SW0
EXT, 04, O,, LOC=P33, BLKNM=Oa
EXT, 03, O,, LOC=P32, BLKNM=O3
EXT, 02, O,, LOC=P31, BLKNM=O2
EXT, O1, O,, LOC=P3o, BLKNM=OI
EXT, O0, O,, LOC=P2g, BLKNM=Oo
EOF
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APPENDX B

USER'S GI.IÍDE

Very High Speed Integrated Ci¡cuit Ha¡dwa¡e Description Language (VHDL) is a

language being developed to describe simple and complex ha¡dwa¡e systems. It provides

the capability to hierarchically describe systems by thei¡ architectures, by their dataflow,

by their behaviours, or a combination of the th¡ee.

A VHDL a¡chitectural description is used to describe Xilinx Logic Cell Array

(I-CA) designs. The designs are mainly based on standard or custom cells and connections

of these cells. The VHDL compiler can generate Xilinx Netlist Format (XNF) files for

LCA implementation tools which generate the configuration program to configure an LCA

device. This section defines the VHDL subset and provides the procedure to

implementation a circuit design in LCA using the VHDL compiler.

8.1. SUPPORTED LANGUAGE SYNTAX

In YHDL, the primary element is called a design entity, which describes a system,

subsystem, or cell. A design entity consists of two parts, an interface and an alchitecture

body. The interface defines the input and oulput ports of the entity. The architecnue body

def,rnes the function of the entiry in one of th¡ee forms: architectural, dataflow, and
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behavio¡al description, o¡ combination of the th¡ee.

An architectural description consists solely of instances, which define the

occurrence of some component \ hich comprises a part of the entity. Components can be

standard cells or entities which a¡e defined elsewhere. The connection of instances is

accomplished by referencing the ports on the i¡stances to ports of the entity as well as to

internal signals. signals are basically local points within an entity used to define electrically

connected nodes.

Signals and ports are of a specific type. The simplest a¡d most common predefined

type is BIT. A BIT is a single line which can take on a single value and connect single

ports together. Four other types BIT-X, BIT-C, BIT-N, and BIT-L are predefined to

support LCA design. The X parameter on a signal tells the partitioning algorithm to make

this signal an explicit LCA nel Any signal which does not have the X parameter specified

for it may be pulled into a CLB logic function during partitioning. The X parameter is

useful for controlling the partitioning algorithm in certain cases. The C parameter i¡dicates

that the signal is on a critical path and that all efforts should be made to minimize the delay

through this signal. This affects the partitioning algorithm and is also passed along to the

automatic placement and routing (APR) program. The N parameter indicates that the timing

of the signal is non-critical and all othø signals should take precedence over iL This affecs

the panitioning algorithm and is also pæsed along to the APR program. The L parameter is

passed along to APR and tells APR that this signal should be routed using a long-line on

the LCA. You can define new types such as an array of BITS of some a¡bitrary size for

easily describing buses.
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Ports also have a mode associated with them such as IN, OUT, DOT NOT (open

collector). INOUT (bidirutional), and LINKAGE (unlnown). The mode of a port can be

used to check design errors such as two OUT pons connected together, nothing driving an

IN pon. A pin declaration associated with port is added into the VHDL to define the pin

number of a I/O pon

The following describes the syntax of the ponion of the VHDL language that is

supported by the compiler. While it is not a majority portion, it still provides a sufficient

method of describing LCA designs, and also a base fo¡ further development of the

compiler. Note that a VHDL description ænds to be self-documenting.

The form of the VHDL statement definitions is given using a simple variant of

Backus-Naur Form:

1. Reserved keywords are given in boldface.

2. A vertical ba¡ separates altemative items.

3. Square brrackets enclose optional items.

4. Braces (i.e. { )) enclose a repeating item (zero or more repetition).

8.1.1. General Syntax

The computer parses the VHDL file into tokens. The end of line is simply

considered to be a delimiter between tokens. Thus statements can span as arbitrary number

of lines to improve readability. The maximum length of an input line is 80 characten.
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8.1.1.1. Comments

Comments can app€ar anywhere in the file. The stan of a corffnent is indicated by

adjacent minus signs:

start_of_comment : := --

The comment ends at the end of the line. Thus any text appearing after the sta¡t of a

cortunent is ignored.

Example: signal Xl, X2, X3 : BIT; -The part after the '--' is a comment.

8.1.1.2. Identifiers

IdentiJiers distinguish interfaces, bodies, signals. Identifiers must strrt with an alphabetic

character (A-Z) with the rest of the name alphanumeric cha¡¿cters or the underscore '-':

identif ier : := letter {[u nde rline] letter-or-d¡g¡t]

Note that identifiers are treated case insensitive, i.e. lowercase letters and uppercase letters

a¡e considered to be identical. Also identifiers may not terminate with an underscore. An

identi-fier must be a minimum of one character in length and a maximum of 80 cha¡acters in

length. Identifiers may NOT be the same as one of the reserved keywords of YHDL. A

list of reserved keywords can be found in Appendix C.

Example: AlPha Bus16 lD-examPle
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8.1.1.3. Expressions

The full range of integer expressions is supported. It incorporates the usual

precedence (multiplication before addition eæ.). Expressions have the form:

êxpression::= relation {AND relation}
relation {OR relation}
relation {NAND relation} \
relation {NOR relat¡on}

relation {XOR relation}

whe¡e the logic operators (AND, OR. ...) follow the normal Boolean rules. Relations a¡e

of the the fonns:

relation ::= simple-expression lrelational-operator simple-expression]

relational_operator ::= - equals

| /= | o -- not equals

I . -- less than

l<= I =. -- less than or equal to

I t -- greater than

I t= I =t -- greater than or equal to

simple-expression ::= lsignl term {adding-operator term}

adding-operator ::= + I -

t€rm : := f ac{or {multiply¡ng_operator faclo r}

multiplying-operator ::= - multiply

ll -- divide

I MOD -- modulus

I REM - remainder

factor :;= primary [" pr¡mary] -- to the power

I ABS primary -'absolute value
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INOT primary

primary::= rìârrìO

I integer

l(expression)

For the primary, the name must be a variable of type integer. Note that integer refers to

both positive and negative integen.

Example: 6 + 2
6+2.i>10 --FALSE if i=2
(6+2) 'i>10 -TRUE if i=2

8.1.2. Interface Declaration

The interface declaration defines the input and output ports for an entity. The form

of an interface declaration is:

interface_declaration ::=
entlty ent¡ty_name is

port (formallcort_list);

I pins (pin_list); ]
end [entity_name];

where the entity-name is an identifier. The entity-name after the end statement is optional

but if present, must be the same as the first one.

8.1.3. Formal Port List

A formal pon list describes the input and output ports for an interface decla¡ation as



well as a component declaration. It is of the form:

f ormaþorl_list : := port_declaration { ; port_declaration}

port_declaral¡on : := ident¡f ie r_list : poñ_mode porl_type

identifier_list ::= identifier {, ident¡fier}

port_mode ::= ilnl | ldotlout I lnout I llnkage

Port-type :: = tyPe-name I BIT

If no port-mode is specified, a default of in is assumed. The port-type must be either BIT

of some user defined type.

8.1.4. Pin List

A pin list declaration assigns the ports of a entity to VO pins of a LCA. Is is of the

form:

pin_list ::= pin_association { ; pin_association }

pin_association ::= simple_name : PINNUM

I indexed_name : PINNUM

simple_name ::= identifier

indexed_name ::= identifier ( simple_expression )

The PINNUM is the pin number of a LCA in the form of Pxx. The xx represents a two

digits number.

Example: entity DFF ¡s
port (reset, clock : in BIT; q, qB: out BIT);
plns(reseti P12i
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clock : P14;
q: P26:
qB : P27;l

end DFF;

8.1.5. Architectural Body Declaration

Associated with an interface declaration is an a¡chitecture body describing the

intemals of the entity. The archiæctural description hæ the following form:

architectu ral_body_declaration : :=

arch¡tecture body_name of ent¡ty-name ls
body_declarative_part

begln
set_of-statements

end lbody_namel;

body_declarative_lcart : := {body-declarative-ite m}

body_declarative_item ::=

component-declaration

I signaldeclaralion
I type-declaration

where body-name is unique identifier and entity-name is the name of the associated

interface decla¡ation. Note that the interface declaration must occur before the body

decla¡ation.

Example: architecture A-body of lour-bit-counter is
component rdtf

port (d, reset, clock : in BIT; q, qb : out BIT);

end component;

slgnal t1 , t2,t3, t4 : BIT;
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begln
bito: port map rdtf(t1 , resel, clock, q0, t1);

b¡t1 : port map rdtf(t2, resel, t1 , q1 , t2);

bit2: port map rdtf(t3, r€set, t2, q2, t3);
bitS: port map rdtf(t4, r€set, t3, q3, t4);

end A_body;

8.1.6. Component Declaration

Component declarations defîne the entities of instances decla¡ed in the

set-of-statements of a body. It serves to document the design by having all decla¡ations

within the body where they are used. It also allows the use of components externally

defined somewhe¡e else. A component declaration is in the form:

component_declaration : :=

component component-name port (formaliort-list)

where component-name is the name of the actual gate or entity.

Example: component rdtf pon (d, reset, clock : in BIT; q, qb : out BIT);

8.1,7. Signal Declaration

A signal decla¡ation defines intemal signals of an entity which are used in

connecting instances together. The form of a signal declaration is:

signal-declaralion ::= slgnal identifier-list : type-mark ;

ident¡f¡er_list ::= identifier {, identif¡e4
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type_mark ::= type-name
lBrT
lBrT_x
lBtT_c
lB|T_N
lB|T_L

Example:signal t1 , t2, t3, t4: BIT;

8.1.8. Type Declaration

Cunently the only supported user defined type is an anay of bits of the form:

type_declaration ::=

type type_name is array
(simple_expression to simple-expression) of BIT;

where the two simple expressions define a start and end range of the array. Note that the

range must be of type integer but can be either ascending or descending.

Example: type qbus ls array (0 to 14) of BIT;

Thus, qbus is a type of fifteen bits starting at zero and ending at 14.

Indexed names a¡e used to ¡efer to a single element of an array. Thus if R is

of type qbus, R(2) refers to the third element of R.

8.1.9. Set of Statements

The set of statements of an a¡chitectural description defines the instances

comprising an entity. The order of the statements is unimponant as it is the set and not the

sequence of the sratements \thich define the topology. The form is:

set-of-statements ::= architectural-statement {arch¡tectural-statement}
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architectu raLstatement : := compon€nt_i nstanliat¡on_stateme nt

I generate_statement

B.1.9.1. Component ln stantiation Statement

A component instantiation statement cÍeates one instance of a component in the

body of an entity. It is of the form:

component_instantiation_stat€ment : :=

flabelN port map component_name (actual_port_l¡st);

aclualjort_list : := port_association {, port-assoc¡ation}

port_association ::= si¡¡pls_¡¿me I indexed_name

The label is optional but is useful in identifying the instance. The actual port list must

match the associated component formal port list by sequence in terms of number of ports

and type of ports. A simple name is an identifier while an indexed_name refers to a single

element of an array.

Example: bitO: rdtf port map (11, reset, clock, t1);

B. 1.9.2. Generate Statement

The generate statement provides a rn€ans of selectively and repetitively calling a set

of statements. This is very useful for defining regular structures. The generate statement

hæ the form:

generate-statement ::=

ilabel:l generate-scheme generate



selof_stat€ments
end genersts [label];

generation-scheme ::= for idsnt¡fier ¡n d¡screte-rahge

I lf condition

condition ::= (expr€ssion)

discrete_range ::= si¡p¡"_"rpression to simple_expression

If the optional label is included fo¡ the generation statement, it must appear both at the start

and the end of the statement. The for generate scheme calls the set of statements the

number of times indicated by the discrete range with the identifier taking on the present

value of the discrete ñmge:

Example: bits: for i ln 1 to 3 generate
rdtf portmap(t(i), reset, t(i-1), q(i), t(i));

end generate bils;
Thus the component instrntiation is called thre¿ times with i equal to

1 for the fi¡st call, 2 for the second, and 3 for the last call.

The if generate scheme checks a Boolean expression (condition) and if TRUE (not

zero), calls the set-of-statements. This is useful to take ca¡e of special conditions at the

beginning or end of a regular structure.

Example: bits: for i ln 0 to 3 generate
lfi=0generate

rdtf(t(i), reset, clock, q(i), t(i);
€nd generate;
lfi>0generate

rdtf(t(i), reset, t(i-1), q(i), t(i):
end generate;

end generate bits;

This is equivalent to:
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port map rdtf(t(0), reset, clock, q(0), t(0);
port map rdtf( (i), reset, y(0), q(1), t(1);
portmaprdtf(t(2), reset, t(1), q(2), t(2);
portmaprdtf(t(3), reset, t(2), q(3), t(3);

8.1.10. Package Declaration

Package provides a means of declaring types once which can be used in several

interface and body declarations. The form of a package declaration is:

package_declaration ::=

Package Package-name ls
packag e_declarativeJsa rt

end [package-namel;

package-declarative-part ::= type-declaration ; {type-declaration J

Example: package buses ls
typê BYTE ls array (7 to 0) of BIT;

lype WORD ls array (15 to 0) of BIT;

ênd;

For an interface or a body to have access to the contents of a package, the "use"

clauses a¡e used. The clause must immediately precede each interface of body decla¡ation

where types are required Note that if an interface decla¡ation has access to the contents of

a package, its associated body automatically has access to its contents (without another use

clause required). The syntax of the with and use clause is:

use-clause ::= u5" 0".*"ne-name, { package-name };

Example: use bus€s;
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8,2. LCA Design Procedure Using the VHDL Compiler

The procedure of LCA design using the YHDL compiler is shown as follows in steps:

Step 1: Create and edit the VHDL desigr file on SUN workstation using the text editor

vi or textedit, The filename must have the extension HDL.

Step 2: Run the VHDL compiler on SUN3 or SUN4:

vhdl2xnf3 Í-Ppartl frlenane.þiDL

for SUN3 and

vhdl2xnf4 l-Pparrl filename.L{DL

fo¡ SUN4; or

vhdl2xnf3 or vhdl2xnf4

using the prompts provided by the compiler. The parameter pa¡t is the number

of the LCA pan to be used The default is XC2064PC68. The compiler creates

a XNF file with the name of the highest entity in the form of

entity _name.Xl'{F.

If there is no error reported by the compiler, then continue; otherwise, go

back to Step 1.

Step 3: T¡ansmit the ñle entity_nønæ.X1.{F to the PC station for the LCA development

system through ethernet.

Step 4: Use the LCA development system to implement and verify the design. See the

LCA user's manuals for details.

If the design passes the verification, then continue; otherwise, go back to

Step 1.

Step 5: Design the Printed Ci¡cuit Boa¡d using the LCA.
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APPENDIX C

KEYWORD LIST

C.1. Keyword List of Supported VHDL Subset

C.2. Predefined Types for the Supported VHDL Subset

abs

begin

entity

in

mod

of

pins

standa¡d

xor

bit

bit_x

and

component

for

inout

nand

or

port

to

bit_c

architecn¡¡e

dotout

geneftrte

is

nor

out

IEIn

type

bit_n

array

end

if

linkage

not

package

signal

use

bir_l
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APPENDIXD

GRAMMAR OF STJPPORTED VHDL SUBSET

The form of the VHDL statement definitions is given using a simple variant of

Backus-Naur Form:

1. Reserved keywords are given in boldface.

2. A venical bar separates altemative items.

3. Square b'rackets enclose optional items.

4. Braces (i.e. {}) enclose a repeating item (zero or more rep€tition).

start_of_com ment ::= --

identif ier : := letter {[u nderline] letter_or_dig¡t]

expression ::= relation {AND relation}
relation {OR relalion}
relation {NAND relation} \
relation {NOR relation}
relation {XOR relation}

relalion ::= simple-expression lrelational-operator simple-expression]

relational_operator ::= - equals

I i= | o -- not equals

l< - less than

l<= l=< -- less than or equal to

I t -- greater than

I t= I =t -- greater than or equal to
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simple_expr€ss¡on ::= [sign] term {adding_operatorterm}

adding_operator::= + | -

term ::= lactor { multiplying_op€rator factor }

multiplying_operator ::= t -- mulliply

ll -- divide

I MOD -- modulus

I nEM -- remainder

factor ::= primary [" primary] -- to the power

I ABS primary -- absolute value

I NOT primary -- not

primary li= rìânìê

I integer

l(expression)

interface_declaration ::=
entlty entity_name is

port (formalJort_list);

I pins (pin_list); I
end [enlity_name];

f ormaþort_li st : := port_declaration { ; port_declaration}

port_declaralion ::= ident¡fier_list : port_mode port_type

identifier_list ::= ident¡fier {, identif¡ed

port_mode ::= [in] | ldot]out I lnout I llnkage

port_lype :: = type_name I BIT

pin_lisl::= pin association { ; pin_association }

pin_association ::= simple_name : PINNUM

I indexed_name : PINNUM
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simple_name ::= identif¡er

indexed_name ::= identifier ( simple_expression )

arch itectu ral_body_declaration : :=

archltecture body_name ol entity_name is
body_declarat ivelcart

begln
set_of_statements

end [body_name];

body_declarative_lcart : := {body_d€clarative_ite m}

body_declaralive_item ::=

compone nl_declaration

I signal_declaration

I type_declaration

component_declaration ::=
component component-name port (formal3ort-list)

signal_declaration ::= slgnal identifier_list : type_mark ;

identifier_list ::= identif¡er {, identif¡er}

type_mark ::= type_name
BIT

BIT-X
BIT_C
BIT-N
BIT L

type_declaration ::=

type type_name ¡s array
(simple-expression to simple-expression) ol BIT;

set-of-statements ::= architestural-statement {architecturaLstatement}

architectu ral_statement : := cofrìpongnt-instantiation-statement

I generate_statement
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component_instantiation_statgment : :=

ilabel :l port map compone nt_nam e (actual_port_list) ;

actuaþort_list : := port_association {, port-associati o n}

port_association ::= gi¡¡pls_¡ame I indexed_name

generate_statement ::=

ilabelN generat€_sch€me generate
set_ol_statements

end genêrate ilabell;

generation_scheme ::= for identifier ln discrete_range

I if condilion

discrete_range ::= si¡¡O¡r_rrpression to simple_expression

condition ::= (expression)

package_declaration : :=

package package_name ls
package_decl arati vejart

end [package_name];

use_clause ::= use package_name, { package_name };
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APPENDD( E

STANDARD XNF LIBRARY LIST

E.1. List of 2000 Series Library

74-138

74-t61

74-42

a¡d2b2

and3b3

and4b3

clObprd

c1óbc.prd

c256fctd

c2b¡d

c6jcr

d2-4

fdc

fdm¡d

fds

fjks

74-r39

74-164

aclk

and3

and4

and4M

clQcr

cl6bcrd

c2br.r

c4bcp

cSbcp

d2-4e

fdcr

fdms

fdsd

fjksd

74-t51

74-t94

and2

and3b

and4b

buf

c12ja

cl6bprd

c2bcrd

c4bcr

cBbcr

d3-8

fdcs

fdmsd

fdsrd

fjksrd
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74-152 74-160

74-195 74-352

and2b and2bl

and3bl and3b2

and4bl and4b2

clObcprd clObc¡d

cl6ba¡d cl6bcpr

cl6bud¡d c16jcr

c2bp c2br

c4bcrd c4ja

cSbcrd cSjcr

d3-8e fd

fdm fdmr

fft fdrd

fik fikd

frs fsr



ft

ftp

Cadd

gmux

ibuf

ldm

ldsrd

m8-1

nand2b2

nand3b3

nand4b3

nor2b1

nor3b2

nor4b2

orL

or3b

or4b

rd4

rsScr

xnor4

frO

fçrd

gclk

gnd

intr

ldm¡d

m3-1

m8- 1e

nand3

nand4

nand4M

nor2b2

nor3b3

nor4b3

or2b

or3bl

or4bl

rd8

rsSpr

xor2

ftOr

ftr

gcomp

gpa¡

inv

ldmsd

m3-le

nand2

nand3b

nand4b

ndff

nor3

nor4

nor4M

or2b 1

or3b2

or4b2

¡d8cr

rs8¡

xor3

ft2 f2r

tud fts

Eeg5t grnaj

gxo¡ gxtl

ioff ld

ldrd ldsd

m4-1 m4-1e

nand2b nand2bl

nand3bl nand3b2

nand4bl nand4b2

no¡2 nor2b

nor3b nor3bl

nor4b nor4bl

obuf obufz

or2b2 or3

or3b3 or4

or4b3 or4M

¡s4 rs8

xnor2 xnor3

xo¡4
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8.2. List of 3000 Series Library

74-138

74-16r

74-195

and2b

and3b1

and4bl

and5b

and5b5

c 10jcr

cl6bcprd

c256bcp

c2b,p

c2br

c4bcrd

c4jxrd

cSbcrd

d3-8e

fdcs

fd¡

fjks

ftOr

frd

74-t39

74-t62

74-352

and2b1

and3b2

and4b2

and5b1

buf

cl2jcr

c l6bcrd

c256brpr

c2bcprd

c2brd

c4jx

c6jø

c8jcr

fd

fdm

fd¡d

frs

ftûrd

fts

74-tst

74-163

74-42

and2bZ

and3b3

and4b3

and5b2

clObcprd

cl6ba¡d

cl6bprd

c256bcr

c2bt

c4bcp

c4jxc

c8bcp

d2-4

fdc

fdrn

fds

fs¡

ftp

Cadd
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74-152 74-160

74-164 74-194

aclk and2

and3 and3b

and4 and4b

and4M and5

and5b3 and5M

clObcrd clObprd

c16bcp cl6bcpr

cl6budrd cl6jcr

c256turd c256fcrd

c2bctd c2bp

c4bcprd c4bcr

c4jxcr c4jxcrd

cSbcprd cSbcr

d2-4e d3-8

fdcr fdød

fdffd fdms

tk fil"d

ft ftO

ftprd ftr

gclk gcomp



grct

inff

ldsd

m4-le

nand2b

nand3bl

nand4b I

nand5b

nand5b5

nor2b2

nor3b3

nor4b3

nor5b2

obufz

of2b2

or3b3

or4b3

or5b2

oudf

rd8

rs4cr

rsScr

tbuf

xor2

gmux

i¡lat

l¡s

tlú-2

nand2bl

nand3b2

nand4b2

nand5bl

ndff

nor3

no14

nor4M

nor5b3

oinv

or3

o14

or4lc4

or5b3

ouffiz

rdScr

rs4crd

rsScrd

xnor2

xor3

gnd

inv

m3-1

m8-1

natd2b2

nand3b3

nand4b3

nand5b2

nor2

nor3b

no14b

no¡5

no¡5M

or2

or3b

or4b

or5

or5M

pullup

rdSrd

rs4rd

rsSpr

xnor3

xor4
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gxtl ibuf

ld ld¡d

m3-1e m4-1

m8- le nand2

nand3 nand3b

nand4 nand4b

nand4M nand5

nand5b3 nand5M

nor2b nor2bl

nor3bl nor3b2

no¡4b1 nor4b2

nor5b nor5bl

nor5b5 obuf
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APPENDX F

PROGRAM LIST

vhd¡.h

Data struclure for compilation program. lvlemal VHDL representation.

#def ine TRUE 1

#define FALSE 0

typedef struct Symbol ( f symboltablô entry'/
char 'name; f symbol name'/
int type; /'keywords, integer, identifier ...'/
¡nt val; f v|aue 'l
strud Symbol 'next; f to link to another'/

)Symbol;

Symbol'install0,'lookup0;

typedef union Datum ( ¡ compiler stack type '/
int val;
Symbol 'symb;

) Datum;

extern Datum pop0;

lypedef int ('lnstx); f compilat¡on instruction'/
#deline STOP (lnsl) 0

/' compilation instruclion coda 'i
extern lnsl prog[], 'progp, 'code();
extern inlpush0, idpush0, execute0;
extern pcods0, chkp0, wcode0, ucode0, ecode0, chkeO, ppcodeO;
extern acodeO, chkaO, tcode0, cdcods0, fpcode0;
extern idt¡ßt0, idlist0, scodo0, cicode0, chkcl0, apcode0;
extern simname0, forcoda0, ifcode0, chkgl0;
extern eqO, nâ0, lt(), lo0, g1(), ge();
extern and0, nand0,0O, rþO, xor0;
extern addO, sub{), rnul0, d¡v0, rþd0, rem0;
exlern powe4, negateO, abs0, not0, eval0;
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lypedef struct Type (

struct Type 'next;
char'name;
irt intl ,intz;

) Tvpe;

typedef struct Packags {
struct Packags 'noxl;
char'name;
Type'types;

) Package;

typedsf struct Clause (

Package'units;
strud Clause .next;

ìClause;

typedef struct Fport {
strucl Fpoft 'next;
char'nams;
int mods;
int type;
char'type_name;

)Fport;

typedef struct Pport {
strucl Pport 'nexl;
char *namâ;

int indsx;
char'pad;

) Pport;

typedef struct Cdecl (
struct Cdecl 'next;
char'name;
inl type;
Fporl 'ports;

lCdecl;

typedel struct Aport (

slruct Aporl 'nen;
char tname;

int type;
¡nt irdax;

)Aport;

typedel struct Cinst {
strud Cinst 'next;
char'label;
char 'name;
int typ€;
Aport tports;

l Cinsl;

f typ€ dedaration list '/
f next on ths linked list of type '/
f typo name '/
f typ€ rangg '/

f packagg dôclarat¡on list '/
f next on lha linkod list '/
f packag€ nam€ '/
f typ€s in ths package '/

f w h-us€ clause list'/
/ package nam€ ln w¡th-uss clause '/
f next package '/

f lormal port declaration list '/
f next no ths linked list '/
f lormal port name -/

r lN, ouT, ,..'/
r BIT, WPE-NAME'/
f il TYPE_NAME, lhen type name '/

f pin l¡st of an enlity '/
f nsxt on the linked list '/
f lormal porl name '/
F index, -l for simple name '/

f component declaration l¡st '/
f next on ths linked list '/
f componenl name '/
f a componont cêll or an entity '/
/' lomrmal port of lhe component '/

f adual port declaration '/
f next on the linked list '/
f adual port namê '/
¡ signal or entity lormal port '/
/ index, -1 is sirnple name '/

f componsnt instance list '/
f next on the linked list '/
f |É'úal'l
f componenl name '/
f component csll or entity '/
f adual port '/
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typedel struct Sig {
struct Sig 'next;
char'namg;
int lype;
char 'type_narne;

) sis;

typedef struct Entity {
struct Entity 'nexti
char'name;
Fport 'ports;
Pport'pins;
Clauss 'clausei
char 'body;
Cdecl 'cdecls;
Type'typês;
Sig 'sigsi
Cinsl'cinsls;

) Enlity;

#¡fdef CODE
Entity 'f irstentily = NULL;
Package 'f ißtpackage = NULL;
Type -firsnype 

= NULL;
Clause 'lirstclause = NULL;
Pport 'firstpport = NULL;
Fport 'lirstfport = NULL;
Aport 'f irstaport = NULL;
Cinst -lirstcinst 

= NULLi
Sig -firstsigl 

= NULL;
Cdecl 'f ißtcdecl = NULL;
#else
extern Package'firslpackage;
extern Enlity'l¡rstent¡ty;
extern Typ€'l¡rsttype;
extern Clause'lirstdause;
extern Pport'f irstpporl;
extern Fport'f irstlport;
extern Aport'f¡rstaporl;
exlern C¡nst'lirslcinst;
extern Sig 'lirstsigl;
exlern Cdecl'f irslcdecl;
#sndif

f sþnal declarat'ron list '/
f nexl on lhe linkgd list '/
f sþnal narn€ '/
I BIT, X, N, C, L, TYPE-NAME1
f if TYPE_NAME, type name '/

f ed¡ly lil'/
f nexl on the linked l¡st '/
f sr ¡ty name '/
¡ enlity formal porl '/
f entity p¡ns '/
f wfth-us€ daus€ list '/
f architeclural body name '/
f componer declarat¡on list '/
f typ€ dodaralion list '/
f s¡gnal declarâtion l¡st '/
f compongnt instance list '/

vhdl2xnf

Bing Liu
Dopt. of Eleclricål and Conputer Engineering
University of Manitoba

AUTHOR:
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#include <std¡o.h>
#include <ctype.h>
#include 'vhdl.h'

char .stralloc0;

char -pgm_name;

char 'pgm_var = 
.2.00';

char 'parttyp€ = '2064pcô8-3r3';
char'vhdlnamei
int linano = 1;
char butfl125];
char msg[225];
int vhdler = 0;
exlern FILE 'yyin;

main (argc, argv) f vhdl.c'l
¡rü argc;

char -argvfl;

{
pgm-name = argv[o];
init0;

f lhe name ot this compiler'/
f revers¡on nurnber '/
¡ LCA part nurnb€r'/
f VHDL source f ilename '/
f l¡ne counter of VHDL source f ile '/
f str¡ng op€ralþn bufler '/
f bufler for any message '/
¡ ssrnântics srrcr counter '/
f pointer to VHDL source file, used by LEX '/

DATE:

Winnipeg, Manitoba, Canada
R3T 2N2
Sept.6, 1989

REVERSION NUMBER: 2
REVERSION DATE: Sepl. 11, 1989

DESCRIPTION: This program r€ads a hierarchial VHDL struclural
doscript¡on dosign l¡le and cofipilos it inlo unflattened
Xilinx Netlisl Format ()NÐ fiþs. Th€ XNF f¡les are flattened
by the FLATTEN rnodule.

Th¡s program uses vhdl.h, init.c, symbol.c, parser.y, scanner.l,
code.c, crenst.c, and rnodules fom Xilinx, such as nelread.c,
netwrite.c, netutil.c, nelpafse.c, net.h and flatten.c.

ARGUMENTS: VHDL filename - name of VHDL dasîgn file to be read.
parttype -- option, default is 20gpc68-33

EXTERNAL VARIABLES:
bull - buffer lor str¡ng op€rat'þn
yyin - lile poinler to VHDL f ile, daclared in LEX.
linenio - VHDL t¡ls lins countor
pgm_name-- the name of this compiler
pgm_ver -- reveÍsion number
parttype- LCA parttype nurTùsr
hdlname-- VHDL source lilename
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il (aQc-1) | f ¡Jo argumsnts - request lile to read '/
ItdO; f print heade¡'/
printf('VHDL Filenams: '); f prorpt for lilename '/
argvl2l = g€ts(hjîí); f gel f ¡lonamo '/

l((yyin=fopen(argv[2],'0)==NuLl) { f opên l¡le - check lor errors'/
sprintf (butf , */os. hdf , argv[2]) ; f check w¡th extention./
l((yyin=fop€n(butr,'r))==NULL) {

iduppe(buff);
if ((yy¡n=fop€n(bufi ,"r))==NULL) {

pr¡ntl('Can't open %s Vl',argv[2]) ;

exit(0);

l
prinf('LoA part type: "); f prompt lot parttne '/
argv[l]= gols(msg); f get parttype'/
if (msg[o] l= \0')

parttyp€ = stralloc(argvl1 ]);
vhdlname = strâlloc(argvl2]); f save VHDL f¡lename '/
printf(.VHDL design f¡le is "/os Vl',argvlz]);

)
if (açc==3¡ | f Coroct # of arguments - open the f¡le '/

Mr0; f print header '/
if((yyin=fopen(argv[2],'f))==N ULL) { f op€n lile - check for errors '/

sprintl(buff ,'olos.lìd1., argv[2]); fcheck wilh sxtent¡on./
if ((yyin=f open(butl,'|. ))==NULL) {

iduppe(buff);
l((yyin=lopen(buff ,"r))==NULL) (

printf('Canï open %s Vl',argv[2]);
exit(0);

)
vhdlname = stralloc(argvl2]); f save VHDL lilename '/
printf ('VHDL desþn lile is o/os vl",ar9v[2]);
strcpy(buff, argvl1]);
if (butl[o] l= '-' ll b'ufft1] l= 'p) (

printf (\nlllegal opt¡on\n') ;

exÌt(0);

)
parttyp€ = &bufif2¡'
parttyp€ = stralloc(parttype) ;

l
il (argc==2) | f Corrêct # ol arguments - open the f ¡le '/

Mr(); f print hsader'/
if((yyin=fopen(argv[1],-r))==N ULL) { f open lile - check for errors'/

sprintf(butf , 
*/os.hdl, argvl1 l); fcheck wilh extsntion'/

il((yyin=lopen(buff ,'r))==NULL) {
iduppe(bulf);
it((yyin=fop€n(butl,'r))==NULL) {

)
)
argvl2¡ = buf;

)

)
argvlz] = butf;
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printl('Canl opsn %s Vl',argvl1]);
exit(0);

)
)
argvl1] = buff;

)
vldlnaffì€ = stralloc(argv[l])i f savg VHDL filenams '/
pr¡ntf('VHDL desi¡n lila ¡s o/os Vl',argvl1]);

)
il (argc > 3) ( f Too rnany ingJls - bsue gnor'/

hd0; ¡ prinl header'/
printf('Error: Too many inputs.\nUsago: vhd12xnl [-ppartlype¡ <filename>\n");
exir(0);

l

initcode0;

I (yypaße() l=1 ) {
printl(\nPassing VH DL sytanx checking.\n.) ;

execute(pfog);

printf(\nstop€d due to VHDL sytanx error.\n');
printf("Correct the eÍor, please try again.Vl');
exit(0);

)

crenet0; f create hierarch'Íål Xilinx Netlist Flþs '/
if (vhdler > 0) {

printf (lnstoppsd due to VHDL samantic ar¡or.\n");
ex¡t(0);

)

sprintf(butf, "%s.HNF", lirstentity->name); f highest levsl XNF name '/
flatten(bufl)i f flatten hierarchlcal Xilinx Nellist F¡les '/

printf (\nCompilation successlu l!\n') ;

)
f -- end of main -rl

l
else {

f AUTHOR: Bing Liu

exceerror

Dept, ol Eleclricâl and Conpulsr Engineering
University of Manitoba
Winnip€g, Manitoba, Canada
R3T 2N2

/'DATE: August 6, 1989

f REVERSION NUMBER: 2
f REVERSION DATE: Sspt. 11, 1989
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f DESCRIPTION: This program reads a hierarchial VHDL slructurat 'lr .t
f ARGUMENTS: VHDL lil€nam€ - narne of VHDL desþn file to be read. '/r 't

execeíor (s, t)
c¡a¡'s, 't;

{
wanüng(s, t);

vhdlerr++;
)
f --end ol exenor--'/

f recover from run-timê enor'/

l' Wenot

r AUTHOR: B¡ng L¡u
f Oepl. ol Êledrical and CoÍputer Engineering
f University of Manitoba
/. Winnipeg, Manitoba, Canada
f R3T 2N2
/'DATE: August 6, 1989

f REVERSION NUMBER: 2
r REVERSION DATE: Sept. 11, 1989

t
f DESCRIPTION: This program reads a hierarchial VHDL struc,lural 'l
f't
f ARGUMENTS: VHDL lil€naÍF - name of VHDL dosign file to be read. '/

t
-"""'-"""""Y

fpr¡ntl ( stderr, ' n€ar l¡rìs o/d\n", lineno);

l
f --end of yysrror-r/

yyeror (s)

char's;
{

wam¡ng (s, (char ') 0);

winnipeg, Manitoba, Canada
R3T 2N2

f cålled lor yacc syntax enor'/

r indi{åte syr ax eror line number'/

't
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f AUTHOR: B¡ng L¡u
f Dept. of Elec{rical and Computer Enginoering
f Un¡versity of Maniloba

/'DATE: August 6, 1989

f REVERSION NUMBER: 2
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f DESCRIPTION: This program reads a hisrarchlal VHDL struclural ' Ir 't
f ARGUMENTS: VHDL fil€nam€ -- narne ol VHDL desiln flls to be read. '/

t

warning (s, t) f prirìt waming mgssage '/
cha¡'s, '1;

{
tprintf (std€r,lno/os: o/os', vhdlname, s);

I (t)
fpfinú (std€r, ' o/os', t);

return;
l
¡--end of warning-r/

/"""""""'""' """"'t"'/

/' hdr 'l
r'l
/ AUTHOR: Bing Liu 'l
f Dopl. of Eleclrical and Cornputer Engineering 'l
f University of Manitoba 'l
/' Winnip€g, Manitoba, Canada 'l
/' R3T2N2 't
f DATE: Sapl. 11, 1989 'lr"""""."""'
hd0 f Pr¡nt headsr into'/
{

printf('\nvhdl2xnt, Vers¡on 2.00, November 2, 1989');
printf(ln(c) CopyrEht 1989\nBing Liu');
printf(\nDepartÍient of Electrical & Compuler Enginser¡ng");
printf (lnUniversity of Manitoba") ;

prirìtf (\nW¡nnipeg, Manitoba') ;

printl(\ncanada R3T 2N2VrVrVr') ;

ralufn;
)
f--end of hdr--r/

¡nil.c

#include 'vhdl.h'
#include 'x.lab.h'

sldb sùuct {
char 'name;
int kval;

) keywords0 = {,ABS',
.AFTER',

"ALtAS',

f Koywords '/

ABS,
AFTER,
ALIAS,
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AND,
ARCHITECTURE,
ARRAY,
ASSERTION,
ATTRIBUTE,
BEGIN_V, f avoid conllict with lex delault '/
BEHAVIORAL,
BODY,
CASE,
COMPONENT,
CONNECT,
CONSTANT,
CONVERT,
DOTOUT,
DOWNTO,
ELSE,
ELSIF,
END,
ENTITY,
EXIT,
FOR,
FUNCTION,
GENERATE,
GENERIC,
tF,

tN,

INOUT,
ts,
LINKAGE,
LOOP,
MOD,
MAP,
NAND,
NEXT,
NOR,
NOT,
NULL_V, f avoid conf lict with lex def ault '/
oF,
OR,
OTHERS,
OUT,
PACKAGE,
PORT,
PINS,
RANGE,
RECORD,
REM,
REPORT,
RESOLVE,
RETURN,
SEVERITY,
SIGNAL,
STANDARD,
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"STATIC',
"SUBTYPE',
.THEN',

'TO',
.TYPE',

"uNtTs',
'usÊ',
,VARIABLÉ',
.WHEN',

'wHtLE',
"'\¡/tTH',
.XOR',
.Btr,
.BIT-X',

'BtT_C',
'BIT_N',
"BIT-L',
"0",

STATIC,
SUBTYPE,
T}IEN,
TO,
TYPE,
UNITS,
USE,
VARIABLE,
WHEN,
WHILE,
wnH,
xoR,
BIT,
BIT-X,
BtT_C,
BIT-N,
BIT-1,
0

);

init0

{

¡inslall keywords, primit¡ves and library in tables '/

int i;
Syrnbol -s;

for (i = 0; key,¿rordslil.kval; i++)
install (keywords[¡].nam€, keywords[il.kval, 0) ;

relurn:
l
¡--- end of init --1

symbol.c

#include "vhdl.h'
#include 'x.tab.h'

Symbol 'symlisl = 0;

Symbol 'lookup(s)
char 's:

¡ symbol table: linkede list '/

f tind s in symbol lable '/

{
Symbol 'sp;
for (sp = syml¡st' sp l= (Symbol ') 0; sp = sp>next)

if (strcmp(sp->name, s) == 0)
return (sp);

relum (0); /'0 ==> not found'/
)
Symbol 'install(s, t, d)

char's;
ifìt t, d;

{
Symbol -sp;

char'emalloc();

f irßlall s in symbol lable '/
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sp = (Syrnbol ') emalloc(s¡zeof(Syñbol));
sp->nafne = emalloc{stflen(s) + 1)i r +1 fof \0''/
strcpy(sp->name, s);
sP>tYP€ = t;
sP>val = d;
sp->fìext = slmlistt rput at ffonl of list./
sfmlisl = sp;
rgturn sp;

)

char -emalbc(n) f chec* rotum from rnalloc '/
unsþned n;

{
char 'p, 'malloc0;

p = rnalloc(n);
if(p==0){

execerfor("efror 0: out ol meÍþry', (char ') 0);
exir(0);

)
return p;

)

parser.y

v"{
#includo 'vhdl.h'
#define code2(c1, c2) code(cl); code(c2)
#def¡ne code3(cl, c2, c3) code(cl); code(c2); code(ca)
o/"1

'/ounbn { f $ack type '/
Symbol 'symb; ¡ symbollablo poinler'/
lnst 'inst; f translation inslruct¡on '/

l
ToIoKen <symb> AFTER ALIAS ARCHITECTURE ARRAY ASSERTION ATTRIBUTE
Totoksn <syrnb> BEGIN_V f avo'rd confli:t with l6x defautt '/
Toloken <syrnb> BEHAVIORAL BIT BODY
%token <syrnb> CASE COMPONENT CONNECT CONSTANT CONVERT
%loken <symb DOTOUT DOWNTO
%token <syrnb> ELSE ELSIF END ENTITY EXIT
Tolokan <synt> FOR FUNCTION
Totoken <symb> GENERATE GENERIC
T"token <symb> lF lN INOUT lS
Totoken <symb> LINKAGE LOOP
%token <symb> MAP
%token <syrnb> NEXT
%loken <syrb> NULL_V f avoid conllkl with lex defautt '/
%token <synÈ> OF OTHERS OUT
Totoken <symb> PACKAGE PORT
Totoken <symb> RANGE RECORD REPORT RESOLVE RETURN
%token <symb> SEVERITY SIGNAL STANDARD STATIC SUBTYPE
Yotoken <syÍnb> THEN TO TYPE
%token <syrnb> UNITS USE
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Totoken <symb> VARIABLE
Toloksn <synù> WHEN WHILE WITH f end ol k€}^ ords list, not all are used-/
%token <synb> PINS IDENTIFIER LABEL
Totoken <synt> PINNUM BIT_X BIT_C BIT_N BIT_L INTEGER COM_NAME PACKAGE_NAME
Totoken <synìb> ENTITY_NAME WPE_NAME BODY_NAME SIG_NAME FPORT_NAME
%lype <symb> lyp€_name pâckage_nama
%typa <¡nst> generate_slatement sgt_of_stalemsnls gsnerat¡on_scheme for
Totyps <¡nst> architecluraLstatement component_¡nslantiat¡on_statement
%type <inst> condition simplo_êxprgssion term lactor pr¡mary expression
%type <insl> label relat¡on if onlity_name component_name generate
%right '='
%left OR NOR XOR
%Ieft AND NAND
%left EO NE LT LE GT GE f relationaLoperator '/
Tdel '{'-' f adding_op€rator '/
o/olefl *' 'î MOD REM f mufiiply¡ng_opêrator '/
%Ieft UNARYMINUS NOT ABS
o/defl POW f popwer " '/
l¡st: f noth¡rE'/

I l¡st package_declarat¡on

I l¡st use_clause 'i
I l¡s1 enlily_declaration
I l¡s1 architeclural_body_declaration
I list síor { yyerrok;

pr¡ntf (\n');
return 1 ; f stop when enor'/ )

;

packags_declaration:
PACKAGE packaga_name lS

package_dsclarat¡ve J]art
END ';' { code(pcode); }

I PACKAGE package_name lS
package_doclaral¡ve jart

END package_nams ';' { codez(chkp, pcode); }

package_declarative_l]art :

typ€-declaral¡on
I package_declarativs_l]art typs_declaratio n

;

use_clause:
USE unil { code(ucode); }

l use_clause ',' unil { code(ucode);}
i

un¡t:
package_name

package_name:
IDENT|FIER { code2(idpush, (lnst)$1); }

;

sntity_declaration:
ENTITY enlity_nam€ lS

enlily_body
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END';' { code(ecoda); }
I ENTffY e ntity_narn€ lS

sntity_body
END ernity_name';' ( code2(chke, ocode); )

;

anlity_body:
ærl_clause';'

I port_clause ';' pin_clause ';'
;

port_clauso:
PORT'(' fomal_]rort_list')'

pin_clause:
PINS'('p¡n_l¡st )'

;

pin_list:
pin_association

I pin l¡st 'i pin_association
;

pin_associat¡on:
simple_name ':' PINNUM { cod63(¡dpush, (lnst)$s, ppcode); }

| ¡ndexed_name ':' PINNUM { code3(idpush, (lnst)$s, ppcode); }
;

architectu ral_body_declaratio n:
ARCHITECTURE body_name OF snlity_naÍì€ lS

body_dsclarativejart
BEGIN-V

set_of_statements
END';' {coda(acode); }

I ARCHITECTURE body_narn€ OF entity_narn€ lS
body_declarat¡valsart

BEGIN-V
set_of_stalements

END body_namo';' (code2(chka, acode); l

body_nams:
IDENT|FIER (codsz(ÌdFrsh,(lnst)$1);)

;

body_declarativeJcart:
body_declaralive_ilem

I body_declaral¡ve_l)art body_declarative_item
i

body_declarat¡ve_item :

lyp€_declaration
I corponerìl_declaration
I signal_declaratbn
;

type_declaration:
TYPE typ€_nam€ lS ARRAY

'(' sirnpls_expr€ssion TO simple_exprsssion')'
OF BIT ';' { code(tcodo); }

i
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co mpo ne nt_declaralion :

COMPONENT componar¡t_name porl_dause ';' { code(cdcode}; }
I COMPONENT componerìl_name port_clause ';'

END COMPONENT';'{ code(cdcod€); }

;

comp0nenl_name:
IDENTIFIER { $$ = code2(itÐush, (lnst)$1); }

;

entity_name:
IDENTIFIER { $$ = code2(kjpush, (lnst)$r ); )

;

formaljort_list:
pon_declaralion

I lorrnaljort_list';' porl_declarat¡on

port_declaration:
identif ier_list ':' port_ñìode port_lype { code(fpcode); }

;

id e nt if ie r_l¡st:
IDENTIFIER { codeS(idlirsl, idpush, (lnst)$1); }

| Ídentifier_list ',' IDENTIFIER ( codo3(¡dlist, idÊrsh, (lnst)$3); l
;

porl_ñìode:
hl (code2(idpush, (lnst)$l); )

IOUT (code2(kjpush,(lnst)$l);)
IDOTOUT {code2(idpush,(lnsl)$1);}
llNOuT {codo2(idpush,(lnst)$1);}
I LINKAGE { code2(idpush, (lnst)$1);}
;

port_lype:
lype_name

lBlT { codez(idpush, (lnst)$1); }
;

signal_declaration:
SIGNAL klent¡lier_l¡sl ':' signaLtype ';' ( code(scode); )

;

signal_typs:
type_name

lBlT { code2(idpush, (lnst)$f);}
lBII_X {code2(idpush,(lnst)$1);}
lBIT_C (codez(idpush,(lnsl)$l);)
lBIT_N {code2(idpush,(lnst)$l);}
lBIT_L {code2(¡dF¡sh,(lnst)$l);}
i

type_namo:
IDENT|FIER {codâ2(¡dpush, (lnst)$1);}

set_of_stalements:
architec{uraLstatemênt

I sst_ol_slatemsnls architoclural_stat€ment
;

architec.turaLstatement:
componenL¡nstar iat¡on_statemenl
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I gsnerate_statem6nl
;

component_lnslar¡tiation_slatgment:
lab€l ':' compon€nt_narn€ PORT MAP '(' actual_]3ort_list ')' ';' {

code2(cicode, chkcl);)
¡ compononl_name PORT MAP '(' aclualJrort_list )' ';'

( code(cbode); )
;

actual_!orl_list:
port_associatþn { codo(apcode);}

I aclualJrort_list ',' port_associat¡on ( code(apcode); )
;

port_association:
sirnple_nanìe

l¡ndsxed_name

simple_name:
IDENTIFIER {codo3(simnam€,kjpush,(lnst)$l);}

;

indexed_name:
IDENTIFIER '(' simple_expression ')' { code2(idpush, (lnst)$1); }

;

generate_slatement:
label':' generat¡on_scheme generate

sel_of_slatements
END gerì€rate hbel 'i' {

($3)l1l= (lnst)$s;
($3)[2] = (lnst)$7;
code(chkgl); l

I generalion_schemo gêneralo
sst_of_stâlements

END generate ';' {
($1)[1]= (lns)$s;
($1)[2] = (lns)$s; ]

;

generate:
GENERATE { code(STOP);$$ = Þro9Þ; }

;

label:
IDENTIFIER { $$ = code2(kjpush, (lnsl)$1); }

;

generation_scheme:
lor IDENTIFIER lN discrste_rarìge { code2(kjprrsh, (lnst)$2); }

I il cord¡tion

for: FOR ( $$ = codeS(lorcode, STOP, STOP); )
;

d¡screte_range:
simple_expression TO simple_expression

I

if : lF { $$ = codeS(ifcode, STOP, STOP); }
:
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condition:
exprsssion

;

expression:
rehlion

| êxpression AND expression { cods(arìd); }
I exprassion NAND exprgss¡on { code(nand);}
I express¡on OR express¡on { cods(or); }

I express¡on NOR exprossion { code(mr); }
I express'ron XOR expression { code(xor); }

relation:
simple_expression

I simple_expression EO s¡mple_express¡on ( code(eq); )
I simple_sxpr€ssion NE s¡mple_expression { code(ne); }

I simplo_expression LT s¡mple_express¡on { code(tt); }

lsimple_expressionLEsimple_expression {code(le);}
I s¡mple_expression GT sinpls_expression { code(grt); )
I simple_expression GE simpls_exprsssion { code(ge); }
i

simple_expression:
tsrm

I 
L'lerm Toprec UNARYMINUS { $$ = $2; code(negate); }

I simpl6_expression '+' simple_expression { code(add); }

I simple_ôxpression '-' sirnplo_expression { code(sub); }

term: faclor
I term ''' term { code(mul); }
I term 7 term { code(div); }
I term MOD term { code(rnod); }
I term REM term { code(rem); }

;

laclor:
primary

I primary POW primary { cod6(power); }

IABS Primary {$$=$2; code(abs);}
lNOTøinary { $$ = $2; code(rìol);}
;

primary:
IDENTIFIER { $S = code3(idpush, (lnst)$l, eval); }

IINTEGER { $$ = code2(inlptrsh, (lnsl)$1);}
| '(' expression )'{ S$ = $2; }

f end of grammar '/

x.tab.h

typ€del unbn I f $ack typ€'/
Syrnbol 'symb; f syfiìboltable pointer'/
lnst'inst; ftranslationinstruction'/

) \¡fsTYPE;
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extem YYSTYPE yylval;
# defins AFTER 257
# deline ALIAS 258
# deline ARCHITECTURE 259
# dsfine ARRAY 260
# define ASSERTION 261
# de{ine ATTRIBUTE 262
# deline BEGIN_V 263
# define BEHAVIORAL 264
# deline BIT 265
# define BODY 266
# define CASE 267
# define COMPONENT 268
# def ine CONNECT 269
# define CONSTANT 270
# define CONVERT 271
# def ine DOTOUT 272
# del¡ne DOWNTO 273
# define ELSE 274
# def ine ELSIF 275
# def¡ne END 276
# define ENTITY 277
# def ins EXIT 278
# def ins FOR 279
# def¡ne FUNCTION 280
# dsfine GENERATE 281
# delino GENERIC 282
# define lF 283
# define lN 284
# def ins INOUT 285
# define lS 286
# define LINKAGE 287
# def ine LOOP 288
# del¡ne MAP 289
# define NEXT 290
# deline NULL_V 291
# define OF 292
# def¡no OTHERS 293
# def ine OUT 294
# define PACKAGE 295
# defins PORT æ6
# del¡ne RANGE 297
# del¡ns RECORD 298
# defins REPORT æ9
# detine RESOLVE 300
# defino RETURN 301
# dsf ins SEVERITY 302
# deline SIGNAL 303
# deline STANDARD 304
# dsf ins STATIC 305
# delins SUBTYPE 306
# deline THEN 307
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# defina TO 308
# defins ryPE 309
# del¡ne UNITS 310
# def ine USE 311
# deline VARIABLE 3f 2
# deline WHEN 313
# defins WHILE 314
# define WITH 315
# del¡ne PINS 316
# deline IDENTIFIER 317
# deline LABEL 318
# define PINNUM 319
# def ine BIT_X 320
# def¡ne BIT_C 321
# delins BIT_N 322
# def ine BIT_L 323
# deline INTEGER 324
# def¡ne COM_NAME 325
# define PACKAGE_NAME 326
# def¡ne ENTITY_NAME 327
# defins TYPE_NAME 328
# dsfine BODY_NAME 329
# def¡ne SIG_NAME 330
# define FPORT_NAME 331
# def¡ne OR æ2
# delins NOR 33Íl
# deline XOR 334
# def ine AND 335
# del¡ne NAND æ6
# define EQ 3Íì7
# deline NE 338
# define LT 339
# deline LE 340
# define GT 341
# def ine GE 342
# def ine MOD 343
# dsf ine REM 3¿14

# def ine UNARYMINUS 345
# define NOT 346
# deline ABS 347
# define POW 348

scanner.l

%l
#include 'vhdl.h'
#include "x.lab.h"
#includa <ctype.h>
int linerìo;
rol
%%
trrl { ;

'-¡.'\n { lineno++;
f ignoring spac€s arìd tabs '/ )
f ignoring commonts, bul count lines '/ )
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t0-91+ { ¡ lnteger token '/
int d;
sscarí (yytext, "/d', &d);
yylval,syrnb = install(*, INTEGER, d);
retum (INTEGER);

)

P[0-e]+ ( f p¡n nurnber toksn '/

il ((s=lookup(yytoxt)) == 0)
s = install(yytext, IDENTIFIER, 0);

YYVal.sYnìb = s;
return (s->lype)i
)

return (EO);

)"/=.1"<>' {
return (NE);

)n<' 
{
retum (LT);

)
"<='l'=<' {

return (LE);

){>{ 
{
ratum (GT);

)
>=l=> t

retum (GE):

)\n I f newline'/
lineno++;
). { f evsrylhing slse'/
rsturn(yytextl0l);
)

o/oo/o

yywrap0

{
cods(STOP);
pr¡nf ("Tolal o/d lines hava been read,h', -lineno);

Synbol 's;
ir ((s=lookup(yytext)) == 0)

s = instal(yylext, PINNUM, 0);
YYVal.sYnÈ = s;
retum (PINNUM);

)

la-zÀ-4la-zA-20-91'_'[a-zÂ-20-gl' { f Ëentiliertoken'/
Symbol 's;
iduppe(yytext); f converl all inentifier to upper case '/
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retum (1);

)

iduppe(s)
char's;

(

char c;

: for (c = 
rs; c l= \O';c ='(++s))
I ((c >='a') && (c <='/))

's = touppe(c);
return;

)

code.c

#¡nclude <sld¡o.h>
#include <string.h>
#include <math.h>

#def¡ne CODE

#include 'vhdl.h'
#include 'x.tab.h"

#deline NSTACK 256
static Datum stacklNSTACKI;
static Datum 'stackp;

#deline NPROG 2000
lnst proglNPROGI;
lnst'progp;
lnsl 'pc;

inítcode0
{

stacþ = s1¿s¡'
progp = prog;

)

push(d)
Datum d;

{

¡ interpreter stack '/
f nexl free spot on slack '/

f lranshter'/
f next free sport lor code generation '/
f programm counter during execution '/

f initialization for code generation '/

f push d on to slack '/

if (stackp >= gstacklNSTACKl)

execsrro('compiler error I : stack overllo$/',(char ') 0);
'stackP++ = d;

)

Datum popO
(

il(stackp <= slack)
exocano("compilü eÍot 2: stack undsrf low',(char ') 0);
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fetum '-stackp;
l

lnsl 'cod€(t) f install one lranslation or operand '/
lnst t;

{
lnst roprogp 

= progp;
il(progp >= aprog[NPRocl)

execerro('cornpiler error 3: Desi¡n too bi{¡',(char') 0);
'Progp++ = t;
ratufn opfogp;

)

exscuts(p) r run lho trarìslator'/
lnst'p;

{
fo(pc = p; 'pc != STOP)

('('pc++)X);
)

intpush0 f push ¡nteger onto stack '/
{

Datum d;

d.val = ((Syrnbol')('pc++))->val;
push(d);

)

¡dpush0 f push identlier onto stack '/
{

Datum d;
d.syrnb = (Symbol -X'æ++);

push(d);

Datum d;
Package 'pk;

d = F'op0;

pk = (Package') emalloc(sizeof (Package)) ;

pk->name = (chaf) emalbq$dsn(d.symb->name) + 1);

strcpy(pk->name, d.syrÈ->name) ;

d.symb->type = PAcKAGE_NAME;

pk->types = firstlyp€;
lksttype = NULL;
pk->nsxt = tirstpackaga;
lirstpackage = pk;

l

pcode0

{
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chkp0
{

Dalum d1, d2:

d2 = pop0;
di = pop0'
if (strcmp(d1.syrb>nanxr, d2.symb->namo) l- 0)

warning('warn I : Packago nam€ mt match', dl.symb->name):
push(d1);

)

ucode(i
(

Datum d;
Clause 'clp;
Package'pk;

d = pop0;
pk = firslpackage;

if (d.symb->type l= PACKAGE_NAME)
execero("Compiler Error 1 : Undefined package in with clause", d.symb->name);

clp = (Clause ') emalloc(sizeof(Clauss));
clp->units = pk;
clp->next = tirslclause;
lirstclause = clp;

)

ecode0
(

Datum d;
Entity 'âp;

d = pop0;
ep = (Enlity ') emalloc(s¡zeol(Entity));
op->nam€ = (char') emalloc(slrlen(d.syrnÞ>name) + 1);
strcpy(ep->name, d.symb->nam6);
d.symb->type = ENTITY_NAME;
eÞ>clause = firstclause;
firstclause = NULL;
ep->porls = lifstfpoft;
lirstfporl = NULL;
ep->pins = lirstpport;
lirslpport = NULL;

ep->nexl = lirstenlity;
firstentity = ep;

l

chke0
{
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Datum dl , d2;

d2 = PoPç'
dl = pop0'
il (strcmp(d1 .syrt¡>narn€, d2.symts>nann) l= 0)

waming('WARN 2: Entily namo rþt match", dl.symb->name);
push(d1 );

)

ppcode0
(

Datum dl , d2, d3;
Pport'pp;

d3 = æP0; f Pin numb€r'/
d2 = pop0. f port name'/
d1 = pop0 f index, if -1 simple nam€ '/

if (d2.symb->typ€ != FPORT_NAM E)
execerro('Compilet Efiot 2: Undefined entity port", d2.symb->name);

pp = (Pport ') smalloc(sizeol(Pport));
pp->narne = (char') emalloc(strlen(d2.symb->name) + 1);
strcpy(pp->name, d2.symb->name) ;

pp->pad = (char') smalloc(slrlen(d3.syÍb->name) + 1);
strcpy(pp->pad, dS.symb->name) ;

pp->index = d1 .val:

pp->nexl = f¡rstpporl;
firstpport = pp;

l

acode 0
(

Dalum d1, d2;
Entity 'epi
Typ€ 'rp, 'tpl;
Clause 'clp;

ep = lkstenlity;
while ((ep l= NULL) && (slrcmp(ep->nam€, d2.symb->name) l= 0))

eP = eP>nexl;
if ( sp == NULL )

execerror( 'Comp¡ler Error 3: Undelined ont¡ly', d2.symb->name);
eÞ>bdy = (char ') emalloc(strlen(dl .syrnb->name) + 1);
strcpy(ep->body, dl .syrnb->namg) ;

for (clp = sp->c¡¿use; clp != NULL;cþ = clp->nexr) {
tor (tp = (clp->unils)->lypes; tp l= NULL;tp = tp->next) {

tpl = (Type') emalloc(sizeof(Type));
þl->namo = (chaf) ernålloc(strlen(tp->name) + 1);

d2 = pop0;
dl = pop0'
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l

chka0
{

slfcpy(tpl ->name, lÞ>name) ;

lpl->irfll = þ->inll ;

lp1->inl2 = Þ->int2;
lp1->next = tirsttype;
firsttyp€ = tp1 I

l
)
ep->types = lirstlyp€;
f¡rsttyp€ = NULL;
eÞ>cdecls = firslcdgcl;
lkslcdecl = NULL;
ep->sþs = f irslsbl;
lirstsilll = NULL;
ep->cinsts = lifstcinst;
l¡rstcinst = NULL;

Datum dl, d2, d3;

d3 = pop0; f body name at lhe end '/
d2 = popO. f enlity name '/
dl = æp0' f bodyname at lhe b€gining '/
if (strcrìp(d1.syÍrb->nam6, d3.symÞ>name) l= 0)

warning("WARN 3: Body name not match', dl.symb->name);
push(d1);
push(d2);

)

tcode0
{

Datum dl , d2, d3;
Type 'lp;

d3 = pop0;
d2 = pop0'
dt = pop0;

lp = (Type') emalloc(sizeof (Type)) ;

tÞ>name = (char') emalloc(slrlen(d1.symb->name) + 1);
strcpy(þ->name, dl.symb->name) ;

dl.symb->type = TYPE_NAME;
lp>intl = d2.val;
lÞ>inl2 = d3.val;
tp->next = lirsttype;
tirsttyp€ = tp;

)

cdcode 0
{
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)

fpcode 0
{

Datum d;
Cdscl 'cdp;

d = poP0;
cdp = (Cd€cl ') êrnalloc(sizeol(Cdecl));
cdÞ>name = (char') ernalloc(strlsn(d.syrÞ>name) + 1);
strcpy(cdp->narn€, d.symb->nama) ;

if (d.synrb->typ€ l= ENTIW_NAME)
if (d.syrÞ>typ€ == IDENIIFIER)

d.syrÈ->typ€ = coM_NAME;
cdp->type = d.symb>typ€;
cdp->porls = lirsf pofti
f irstfport = NULL;

cdp->next = fir$cd€cl;
lkstcdscl = cdp;

Datum d1 , d2, d3, d4;
Fporl 'fp, 'lkstfp = NULL;

da = rcP0; r porl typs '/
d3 = pop0; f port rnode'/
d1.val = TRUE;
while (dl.val) {

d2 = popO. f port name'/
d1 = pop0 f TRUE Íþre, FALSE last'/
fp = (Fpor ') erìalloc(sizeof(Fport));
fp->name = (char') emalloc(strlen(d2.symÞ>name) + 1);
strcpy(fp->namo, d2.symÞ>name) ;

d2.symb->typ€ = FPORT_NAME;
fp->type = d4.symÞ>typ€;
if (fÈ>typ€ == TYPE_NAME) {

þ>type_name = (char') emalloc(slrlen(d4.symb->name) + 1);
strcpy(lp->lype_name, d4.symb->name) ;

)
lp>rnode = d3.symb>typ€;
fp>next = lirstlp;
lirstlP = fP;

l
lor (lp = firstfp; lp l= NULL; fp = lirstfp) {

lirstfP = fP'¡¡s¡'
l¡>next = firstfporl;
tkstfport = tp;

)
)

idlirsl0
(

Datum d;



)

idl¡st0

{

d.val = FALSE;
push(d);

Dalum d;
d.val = TRUE;
push(d);

)

scode0
{

Oatum d1 , d2, d3;
sþ'sp;

dg = poÞ0; f signaltyp€'/
d1.val = TRUE;
wh¡le (d1.val) {

d2 = popO' f signal nam€ '/
dl = pspl¡ f TRUE nþrs, FALSE last '/
sp = (Sþ ') emalloc(sizeof(S¡g));
Sp->nâfiê = (char') ernålloc{slrlen(d2.syrnb->name) + 1);
strcpy(sp->name, d2.symb->name) ;

d2.symb->type = SIG_NAME;
sp->typ€ = d3.symb->type;
if (sp>type == ryPE_NAME) (

sp->type_nama = (char') emalloc(strlen(d3.symb->name) + 1);
strcpy(sp->type_name, d3.symb->name) ;

l
sp->next = firstsi!¡l;
f¡rstsigl = sp;

)

l

cicode0
t

Datum d;
C¡nst 'cip;

d = pop0; f componsnt name'/
c¡p = (C¡nst ') emalloc(s¡zeof(C¡nst));
cip>nanre = (char') emalloc(strlen(d.syrnb->name) + 1)i
slrcpy(ciF>nam€, d.symb->narne);
cip->lyp€ = d.symb->type;
cip>label = NULL;
cip>ports = firlaport;
lißtaport = NULL;
cip->next = lirstcinst;
lirslcinsl = c¡p;

l
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chkcl0
{

Datum d;
Cinst 'cip = lirstcinst;
d = æp0; f componert instance lab€l '/
cip>lab€l = (char') emalloc{slrl€n(d.syrb>narn€) + 1);
slrcpy(citr>lab€1, d.syrË->name) ;

)

apcode 0
{

Datum dl , d2;
Aport 'ap;

d2 = popO. f port name'/
di = pop0 f index, I -1 sirple narn€'/

ap = (Aport ') emalloc(sizeof(Aport));
ap->naÍìe = (char ') emalbq$rlen(d2.symÞ>name) + 1);
strcpy(ap->nams, d2.symb->namo) ;

ap->typ€ = d2.symb->type;
ap->index = dl.val;

ap->nexl = f irstaport;
l¡rslaporl = ap;

)

simname0

{
Dalum d;
d.val = -1 ;

push(d);

)

forcode0
{

Datum d1,d2,d3;
lnst'savepc=pc;

execule(savepc + 2); f d¡screte range '/

d3 = pop0:
d2 = pop0'
dl = popl¡'

if (d3.synb->type l= IDENTIFIER && d3.symÞ>type l= VARIABLE)
gxec€no('compilor Eror 4: Nol a variable', d3.symb->name);

d3.syÍrb->typs = VARIABLE;
fo(d3.symb->val = dl .val; dS.symb->val <= d2.val; d3.symb->val++) {

execute('((lnst ")(savspc))); f set ol slatement'/
)
pc = '((lnst "Xsavepc + 1));f continue '/
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)

¡fcode0

{

Dalum d;
lnst 'savepc = pc;

execule(savspc + 2); f cond¡l¡on'/
d = æp0;
ir(d.val) {

execule('((lnsl ")(savepc))); r sel of statement '/
l
pc ='((lnsl "XsavEpc + 1));f continue'/

l

chkgl0
{

Datum d1 , d2;
d2 = popl¡' f end label '/
d1 = pepl¡' f begin label '/
il (strcmp(d2.synìb->narne, dl.symb->name) != 0)

warning('WARN 4: Label not match in generate sataement", dl.symb->name);

Datum d1, d2;
d2 = pop0'
d1 = popO;
d1.val = (dl.val l= 0 && dz.val l= 0);
push(d1 );

)

nand 0
(

Datum dl, d2;
d2 = pop0;
dl = pop$'
dl.val = (d1 .val == 0 ll cl2.val == 0);
push(d1);

Datum dl, d2;
d2 = pop0'
d1 = pop0;
d1.val = (d1 .val l= 0 ll dz.val l= 0 );
push(dl);

)

and0
{

)

oo
{
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noo
{

)

eq0
{

Datum d1, d2;
d2 = p6p1¡.
d1 = popl¡'
dl.val = (d1.val == 0 && d2.val == 0);
push(d1 );

)

xoo
{

Datum d1, d2;
dl = popQ'
d2 = pop0'
dl.val = ((di .val - 0 && d2.val l= 0) ll (dl .val l= 0 && d2.val == 0));
push(dl );

Datum d1,d2;
d2 = pop0'
di = pop()'
dl.val = (d1 .val == d2.val);
push(d1 );

Datum dl,d2;

d2 = popl¡'
dl = pop0'
di .val = (d1 ,val != @.val);
push(d1 );

Dalum dl , d2;

d2 = popl¡'
di = pop()'
df .val = (dl.val > d2.val);
push(dl );

Dalum dl, d2;

d2 = pop0;

)

ne0
{

ì

st0
{

)

se0
(
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)

o
{

l

le0
(

di = pop()'
d1.val = (d1.val >= d2.val);
PUsh(d1 )i

Datum dl,d2;

d2 = popl¡'
d1 = pop0'
d1 .val = (d1.val < d2.val);
push(d1);

Dalum d1 , d2;

d2 = poP0;
d1 = pop0'
d1.val = (d1 .val <= d2.val);
push(dl);

Dalum d;

d = pop0;
d.val = -d.val;
push(d);

Datum d1, d2;

d2 = pop0'
dl = popO;
dl .val += d2.val;
push(d1);

Datum d1, d2;

d2 = pop0'
dl = pop0;
dl .val -= d2.val;
push(d1);

)

negate0
{

l

add0
(

)

sub0
{
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mul0

{

)

div0
{

l

rem0
(

Datum d1,d2;

d2 = pop0'
dl = pop0'

dl .val '= d2.val;
push(d1 );

Datum dl, d2;

d2 = pop0'
dl = pop0:
if (d2.val == 0.0)

execerro("Compiler Error 5: Division by zero",(char') 0);
else

df .val /= d2.val;
push(d1);

)

mod0
{

Datum dl, d2;
d2 = pop0'
d1 = popl¡'
if (d2.val == 0.0)

execerro('Compiler Error 5: Div¡s¡on by zero",(char') 0);
else

d1 .val = di .val % d2.val;
push(dl );

Dalum d1 , d2;
d2 = popl¡'
d1 = popQ'
if (d2.val == 0.0)

exec€rro(-Comp¡ler Error 5: Div¡sion by zero.,(char') 0);
els€ {

il (d2.val < 0)
d1.val = (int) abs(d1.val) t (-1);

dl .val = dl ,val % d2.val;
)
push(d1);

l

poweo
{
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Datum d1 , d2;
d2 = æp0'
dl = pop0'
dl.val = (¡nl) pow(d1.val, d2.val);
push(d1 );

Datum d;
d = popO;
d.val = (inl) abs(d.val);
push(d);

Datum d;
d = rnÞ0;
d.val = (d.val == 0);
push(d);

f evaluale variabl€ on stac*'/

Datum d;
d = pop0;
il(d.symb->lype != VARIABLE)

execero("Comp¡ler Error 6: Attempt to evaluale non-variable", d.symb->name);
else

d.val = d.symb->val;
push(d);

#include <sldio.h>
#include <ctypo.h>
#include "vhdl,h-
#includs'x.tab.h

#define DECLI
#includg'net.h'

f""""""""" """"""""'.""""7

l

absl0

{

)

not0
{

)

eval0
{

crenel

AUTHOR: Bing Liu
Dept. 0f Eleclricål and Computer Eng¡neer¡ng
University of Maniloba
Winnipog, Maniloba, Canada
R3T 2N2
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r DATE: Sept. 7, 't989 'tr,t
¡ REVERSION NUMBER:2 'l
f REVERSION DATE: Sspt. 12, 1989 'lr 't
f DESCRIPTION:This rnodulg converls lhe dala slruciure in vhdl.h into the data 't
/' strudure in nst.h, writes tho unflatlened Xilinx Netlist Format (XNF) liles using 'l
T lhe data structure in nêt.h. 't

f fhis program uses vhdl.h, x.tab.h, and modules form X¡l¡nx,
/. such as n6lrêad.c, netwrile.c, netutil.c, netparse.c, net.h

¡ ARGUMENTS: Nong.

r EXTERNAL VARIABLES:
/' bufl - buffer lor stdng op€ralion
/' msg -- butfar tor any message
/' nelf n - name ol the XNF lile
l' netf p -- f ¡lo b€ing read from or writlen to
l' æmnum - componts numbeÍ, used for constract SYM name
/' body -- body name ol a archileclure, used for SYM name

r'.."""""""' -"'-"""'."""""""/
char'netln;
char -netfp;

exlern char msg[255];
extern char butf[125];
extern vMlerr;
int comnum;
char 'body;
char'creatime;

crenet0
{

Entity 'ep;
Sig'sip;
C¡nsl 'cip;
Fporl'lp;
Pport 'pp;
SIG's;
char when[32];

for (6p = lirslenlity; ep l= NULL; op = ep->next) (

f irstprog = NULL;
lastprog = NULL;
lirsluser = NULL;
lastuser = NULL;
lirstsym = NULL;
lirstsig = NULL;
delsyms = NULL;
delsigs = NULL;
errcnt = 0;
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comnum = 0;
!ìody = sp'>bod';

lor (sip = 6p¡s65; sip l= NULL; sip = siprn.t¡¡
rdsigl(sip, sp->typ€s);

lor (lp = 6pr¡pp¡15; fp l= NULL; lp = fp>next)
rdfporl(lp, ep>clause);

for (pp = sptp¡¡5; pp l= NULL; pp = pp->nsxt)
rdpporl(pp);

lor (cip = eÞ>c¡nsts; c¡p l= NULL; cþ = ciP>next)
rdcomp(cip, ep>cdecls, eÈ>typ€s) ;

if (strcmp(ep>name, f irstenlity->name) l= 0)
sprintf(butf, e/os.XNfl 

, eF>name);
else

sprintf (buff , -/os.HNF', ep>name);
netfn = stratloc(bufl);
timeotday(msg);
creatirne = stralloc(msg);
if (vhdlen == 0)

wr¡tenet0;
l
return;

)
/'-end of crenel.c-'/

rdsigl(sip, tp)
Sþ'sip;
Type'tp;

{
SIG's;
int cnl;
char'signame;

switch (sitr>type) (

cÍ¡se BIT:
sþnarþ = stralloc{sip>name) ;

s = rnksig(signame);
break;

case BIT_N:
sþnarìo = stralloc(sip->name);
s = rìksig(srgnaÍìe);
s->NONC = 1;
break;

case BIT_X:
sþnarn€ = slrâlloc(sip>nâme);
s = Í*(s(¡(sþnarne);
s->UEXP = 1;
brsak;

case BIT_C:
sþnarne = slralbc(sip->nâme);
s = mksig(signam€);
s->CRIT = 1 ;
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break;
case BIT_L:

sþnarne = stralloc(sip>namo);
s = r*sþ(signamê);
s->LONG = 'l ;

break;
CASO TYPE-NAME:

while (tp l= NULL && strcnp(tP.>name, sip->type-name) != 0)
tp = þ->nexl;

ir (Þ: NUr.r_) {
execeíþr ('Corp¡l€r Error 7: Undelined type', sip->type-name);
break;

)
for (cnt = tÈ>inl1; cnt <= Þ>in12; cnl++) (

sprintf (butl, "/os/od', siÈ>narn€, cnt) ;

si¡namo = stralloc(buf ) ;

s = mksig(signaÍì€);

exscerror('Comp¡ler Enor 8: lllegala signal", s¡p->name);

)
relufn;

)
/'-end of rdsigl-r/

rdfport(fp, clp)
Fport 'lp;
Clause 'clp;

{
Type'lp;
SIG's;
int cnt;
char'si{Jname;

switch (f Þ>type) (

case BIT:
si{¡name = stralloc(lÞ>nam€);
s = r*sig(s¡{¡narn€);
break;

CASE WPE-NAME:
while (clp != NULL) {

lp = (clp.>units)->typss;
while (tp l= NULL && strcmp(tp->name, f p->type-name) l= 0)

tP = tp'>next;
if (lp == NULL)

clP = 6¡Ptnto'
else

clp = NULL;

)
if (Þ: NULL) (

execeffor ('compiler Erfor 9: undefined typ3", fp->type-name);
brgak;
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)
tor (cnt = tÞ>ir lIcnl <= q>>intz; cnt++) {

sprintf (h¡tf , */oso/od\o", lp->name, cnl) ;

s¡{¡nanì€ = stralloc(br¡ff ) ;

s = rksi¡(sitnarno);
)
broak;

dslaull:
execono('Comp¡l€r EÍor 10: lllegal formal port', fp->name);

)
roturn;

)
/'--end of rdfporl-r/

rdpporl(pp)
Pport'pp;

{
stG's;

if (pp->index != -1)
sprintf(buff, "%s"/d\o', pp->name, pp->index);

e lse
sprintf (butf , '%s\0', pp->name):

s = lsigname(butf);
r (s == NULL) {

execsrro("comp¡l6f Enor I 1: Undefined lormal port", pp->name);
rglurn;

)
s'>UEXT = 1 ;

s->lcaloc = stralloc(pp->pad) ;

s->blkname = strattoc(butl);
pp = pp->next;
feturn;

)
/'-end of rdpport-'/

rdcomp(cip, cdp, tp)
Cinst 'cip;
Cdecl 'cdp;
Type'lp;

{
Fporl'lp;
Aport 'ap;
SYM 'sym;

while (cdp != NULL && strcrnp(cip->nam€, cdp>name) != 0)
cdp = cdPtnext;

if (cdp == NULL) {
execerfor ('compilor Effor 12: undoclafated component", cip->name)i
return;

)
comnum++;
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sym = rtGym0;
il (ciÈ>lab€l == NULL) {

sprintf (butl, rc/oso/Ã', body, comnum);
ciÈ>lab€l = butf ;

)
sym->narne = slfalloc(cip>lab€l) ;

sym->syrntype = syrÍtyp€(citr>name) ;

sym->typ€name = slralloc(ciP,>nanì€) ;

aP = ciÞ>Ports;
lP = cdp->Ports;
while (fp l= NULL && ap l= NULL) {

rdport(ap, fp, lp, sym);
lP = fp'>next;
aP = aFF>nsxl;

)
relurn;

)
f---end of rdcomp--'/

rdport(ap, fp, lp, sym)
Aport 'ap;
Fport 'fp;
Type'tp;
SYM 'sym;

{
SIG's;
PIN'p;
châr dir;
int cnt;

sw¡tch (fp->nþde) (

case lN:
dir = 'l';
break;

case ouT:
dir='O';
break;

delaull:
exec€rror ('Corpiler EÍor 13: lllegal formal porl direclion', fp->name);

)
il (fÈ>typ€ == BIT) (

il (aÈ>ind€x l= -1)
sprintl(butf ,'oloso/d', ap>namê, ap->index);

e lse
spr¡ntl(hJfl,'olos', ap->name) ;

s = fsþnam6(bufl);
if (s == NU[r) {

execarro('Compiler Enor 14: Undefined actual porl', ap->name);
fetufn;

)
p = rnkpin (s, sym);
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P,>name - gralloc(fP>narn€) 
;

P>dir = dif;
il (dir== A_lNPlN)

s->NOLOAD = 0;
eb€ il (dir == A-OUTPIN) (

il (s->NOSRC)
s->NOSRC = 0;

e lso
S->MULTSRC = 1;

)
retufn;

)
I (fp>type == TYPE_NAME) {

while (tp l= NULL && slrcÍþ(tÞ>naÍì€, ltr>type_name) != 0)
tP = tp->next;

it (Þ == NUU_) {
execerror ("Comp¡ler Eror 15: Undefined type", lp->lype);
return;

)
lor (cnt = lp->¡nl1 ; cnt <= tp->inl2; cnt++) (

spr¡ntf (butf , 
*/oso/do', ap->name, cnt);

s = tsigname(buf);
n tt == *rurtt#ror('conpiter 

Enor 16: undelined actuat port", buff);
felurni

l
sprintf (b(¡tf , 

.o/os7od\o", fp->name, cnt) ;

p = rkpin (s, sym);
p->name = slralloqbufi);
p->dir = dk;
'il (dk == A_tNPtN)

s->NOLOAD = 0;
else if (dh == A-OUTPIN) (

if (s->NOSRC)
s->NOSRC = 0;

e lse
s->MULTSRC = 1 ;

)
)
relufn;

)
execerrof ('compilef Error 17: ufìdelined lormal prot', fp->name);
return;

)
/'--end of rdport-Y

limeolday(buff)
char'butf;

{
long clock;

time(&clock);
slrcpy(buff , ctime(&clock)) ;



)
/.--end of timoofday--'/

makefile

YFLAGS = -d
oBJS = parser.o scann6r.o vhdl.o codê,o inil.o symbol.o cranet.o netwfite.o netutil.0 netparse.o
netread.o llanen.o

vhdl: $(OBJS)
cc $(O&JS) -lm {l o vMl2xnl

pafser.o scannsr.o vhdl.o code.o init.o symbol.o crenel.o: vhdl.h

scanner.o vhdl.o codg.o init.o symbol.o cronêt.o: x.tab.h

x.tab.h: y.tab.h
-cmp -s x.rab,h y,tab,h ll cp y.tab.h x.tab.h
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