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L Introduction

With the advent of VHDL [1], accurate documentation of hardware designs is a practical re-
ality. In the past, schematics were typically used for documentation of hardware designs. However,
these schematics would usually become obsolete as the hardware design was being constructed.
Deviations in the hardware design would sometimes not be reflected in the schematics. For design
groups, failure to update schematics could lead to different parts of a hardware design becoming
incompatible.

A system to ensure compliance of hardware with its VHDL documentation is presented in
this paper. The system, vhdl2ges, is meant to help guide the development of hardware by pointing
out where hardware deviates from its VHDL documentation. A tool called vhdl-parser©D1 [2] is
used to parse the VHDL description into a Prolog-type intermediate form vhdlges translates
the structural VHDL description from this Prolog-type intermediate form to extrLction rules for
a system called a generalized extraction sys'em (GES) [3]. A "customized" GES is consLiucted
that checks a netlist derived from a layout description for deviations from the components and
interconnections specified in the structural VHDL documentation. The end result is an accurate
VHDL document representing the constructed hardware. Furthermore, vhdl2ges makes the VHDL
documentation the driving element in the hardware development.

The form of extraction performed by GES entails identifying higher level components con-
structed from existing lower level components. Extraction in GES is a three-step process performed
iteratively on a component netlist. The first stey. is to find a group of related compon. Ats based
on the component types and interconnections between them. Next, the identified components are
eliminated from the component netlist. Finally, a new higher-level component (constructed from
the identified components) is added to the component netlist. In its simplest form, the extraction
process may be viewed as identifying digital logic gates formed from a transistor netlist. The next
level might involve identification of half adders from a component netlist of digital logic gates. The
extraction process in GES may be started at any level to produce a higher and more abstract level
of representation.

Both vhdl2ges and GES have been tested using Quintus Prolog2 under Ultrix 3 . Every attempt
has been made to adhere to Prolog standards specified by Clocksin and Mellish [4). GES was
originally developed to extract VLSI custom layout designs generated in magic using the Berkeley
Distribution of Design Tools [5]. Transistor netlists were generated from magic using either extract
or cifl. Netlists from other computer aided design (CAD) tools may be input into GES after
processing by an input filter which produces the netlist format required by GES.

The purpose of this report is to describe the acceptable VHDL code for vhd12ges, to describe
the Prolog routines in vhdl2ges, and to describe the changes made to GES. The type of structural
VHDL models that are accepted may have any number of hierarchical levels. Enhancements to
GES are discussed in Section 2. The style of structural VHDL that is used by vhdl2ges is described
in Section 3. Some examples of how structural VHDL maps to GES are also described in Section
3. Section 4 is a description of the Prolog program that accepts the VHDL intermediate form from
vpda...rscr.

Copyright 1990 by the Microelectronics Center of North Carolina
2Quintus and Quintus Prolog are trademarks of Quintus Computer Systems, Inc.3Ultrix is a trademark of Digital Equipment Corporation
4 CALTECH Intermediate Format (CIF)



II. Changes to GES and VHDL-PARSER

2.1 Changes to GES

This section describes the changes made to GES. These changes were necessary to help m1ake
extraction rule generation easier and to correct shortfalls of the original GES system described in
[3].

Previously, the format for a GES [3] extraction rule was reported uSthc furuIng.

head :
matching-goal1 ,

mat chin g-goaln,
not-connected([ internal-argument-list )
ret ract-goal,

retract-goal,
asserta(head( argumentlist)),
fail.

head.

The following is the format for the new extraction rule.

head :
matching.goal,

mat chin g.goa1l,
unique..component([ XYS ])I
not-connected([ internal-argum ent-lst]

erternaLargumentlist])
ret ract-goal,

ret ract-goaln,
asserta(head( argumentl.ist)),
fail.

head.

2



The extraction rule is based upon six procedural steps:

1. Identify the component from its lower-level components.

2. Ensure that the identified lower-level components are unique.

3. Check that the values of internal nodes do not match other nodes.

4. Delete the lower-level components from the component netlist.

5. Add the newly found component to the component netlist.

6. Check to see if there are more lower-level components.

Step 1 must occur first, step two must occur second, step three must occur third, and step 6 must
occur last; however, the order of steps 4 and 5 is not important. Within the extraction rule are two
Prolog routines that require further explanation.

The rule unique-.component/l is true iff all of the components corresponding to all of
the goals, matching-.goal, through matching-..gaIn, have unique (X,Y) locations. In Prolog,
unique-.component/1 is expressed as the following.

unique-.component([]) :- .
unique-.componentU( XYIs)

not-.memberCXY.XYs) ,unique...coponentCXYs).

not_menberC.,j]):-!
not_member(Node,[HeadlTail)

Node \== Head,not-.meber(Node,Tail).

The Prolog rule not...nerber/2 is used to ensure that no two (X,Y) coordinate locations are
equal.

The Prolog rule not-.connected/2 was modified from the original GES. The following is the
new not-connected/2.

not-.connected([J,-.)
not-.connected([NodelTail) ,External)

not-m.ember(Node,Tail) 1not~memberCNode ,External),
not-.connectedCTail,External).

The rule not-connected/2 is true iff none of the internal nodes are interconnected and none of
the internal nodes are connected to external nodes. The rule not-connected/2 calls upon the
same notaxnember/2 Prolog rule as unique-.component/1.

2.2 Changes to VIIDL-PARSER

There were two changes made to v'hdi-parser. The changes concerned VIIDL file naming
coiiventIoIIs and] case sensitivity of the letters used in a VIhDL description.

Thle Prolog routine file..patli/2 was originally the following.

file-.path(Name,File) concatenateCE'data/,Name, '.vhdl') ,File).
fiue-a..thCNameFile) corratonateCENazse,'.vhdl'],File)

3



file-path/2 was changed to the following.

tile-.path(laae.File) concatenate(['datal' ,Name, '.vhdl'J ,File).
file-.path(lame,File) concatenate([Name, '.vhdl'J ,File).
file-.path(Iaa.,File) concatenate([Name, .vhd'J ,File).

The change allowed for VHDL file extensions of Mihd as well as vlidl.

The second change made to vhldparser causes all upper and lower case letters read in t~o be
forced to lower case. This change was necessary since VIIDL is case insensitive and Prolog is case
sensitive. The Prolog routines getmnyO/1 and getniy/1 were substituted for getO/I anid get/i.
The Prolog code for the new routines follows.

getmyOCChar) :
getOCCharUp),
to_1overCharUp,Char).

getmyCChar) :
get (CharUp),
to_1.oer(CharUp,Char).

Both Prolog routines call on a Quintus Prolog library routine called toilowei,/2 [6]l.



III. Converting VHDL Descriptions to GES

This section describes the acceptable VHDL syntax for a VHDL description and the form of
the GES code produced. Since the purpose of vhdl2ges is to search for components and intercon-
nections, VHDL-constructs that do not provide information to assist in this search are ignored.

3.1 Acceptable VHDL Syntaz

This section details the VHDL language constructs accepted by vhdl2ges. Several examples of
acceptable structural VHDL models are provided. The VHDL language constructs are taken from
the Syntax Summary of [2]. At a minimum, the VHDL description must contain the following.

entity identifier is
formaLport-clause
end entity-simple-name;

architecture identifier of entity-name is
component identifier

locaLport-clause
end component;

begin
instantatonlabel

compou nt.name port-map-aspect
end architecture.simplename ;

Below is an example of a VHDL description conforming to the above description.

entity comp is
port (A : in bit);
end comp;

architecture structure of comp is
component sub.comp
port (A : in bit);
end component;

begin
sub-compOO : sub.comp port map (A);
end structure;

Additional VHDL language constructs supported are shown below.

signal identifierlist : subtype-indication;

alias identifier : subtype.indication is name;

All other VHDL language constructs are ignored,

5



3.2 Exam ples of Acceptable VHDL Descriptions

Some further examples of acceptable structural VllDL mtodlels are shiown 1Iou%

entity stage2 is
port (

I-.vector in bit-.vectorC3 downto 0);
S-.vector in bit-.vectorC2 downto 0);
Y in bit;
Result out bit-.vectorC4 downto 0)

end stag.2;

architecture stage2 of stags2 is

component stagel
port C

X-vector in bit-.vector(3 downto 0);
Y in bit;
Result out bit-.vector(3 downto 0)

end component;

component full-adder
port (

X, Y, Cmn: in bit;
Sum. Cout: out bit

end component;

component half-adder
port (

X, Y :in bit;
Sum, Cbar: out bit

end component;

alias S-0 bit is S-.vector(0);
alias S-.1 bit is S..vector(1);
alias S-.2 .bit is S..vector(2);
alias R-.0 .bit is Result(0);
alias R-.1 .bit is Result~l);
alias R-.2 bit is Result(2);
alias R-3 bit is Result(3);
alias R-4 bit is Result(4);

signal A :bit..vector (3 downto 0);
alias A-.0 bit is A(O);
alias A-.1 :bit is A(1);
alias A-2 :bit is A(2);

6



alias A-3 : bit is A(3);
signal HAl bit;
signal C_2,C_3 : bit;

begin
CO: STAGE1 port map (X.vector, Y, A);

COO: half-adder port map (SO,AO,RO,HAI);
COl: full-adder port map (S_1,AI,HAI,RI,C_2);
C02: full-adder port map (S_2,A_2,C_2,R-2,C_3);
C03: half-adder port map (C_3,A_3,R_3,R_4);

end stage2;

entity mult is
port (

X-vector in bit-vector(3 downto 0);
Y_vector : in bit-vector(3 downto 0);
Result : out bit_vector(7 downto 0));

end mult;

architecture mult of mult is

component stagel
port (

X-vector in bit-vector(3 downto 0);
Y : in bit;
Result : out bit-vector(3 downto 0)

end component;

component stage2
port (

X-vector : in bit-vector(3 downto 0);
S-vector : in bit-vector(2 downto 0);
Y : in bit;
Result out bit-vector(4 downto 0)

end component;

component stage3
port (

X-vector : in bit_;ector(3 downto 0);
S-vector : in bit-vector(3 downto 0);
Y : in bit;
Result out bit-vector(4 downto 0)

end component;

signal S1-2 : bit-vector(2 downto 0);

7



signal S2-.3 bit..vectorC3 downto 0);
signal S3-.4 bit..yeczor(3 dourito 0);

begin

CO: stagel port mapCX-.vector => X-.vector,
Y => Y..vectorCO),
ResultC3 downto 1) => SI-.2.
ResultCO) => Result(O));

CI: stage2 port map(X.vector =- X-vector,
S..vector => S1-.2,
Y => Y-.vector~i),
ResultC4 downto 1) => S2-.3,
Result(0) => Result~l));

C2: stage3 port map(X-.vector => X-vecto..
S..yector => S2_.3,
Y => Y-vector (2).
DResultC4 downto 1) => S3-.4,
Result(O) => Result(2));

C3: stage3 port mapCX-.vector => X-vector,
S-vector => S3_.4,
Y => Y..vector(3),
Result => Result(7 downto 3));

end ault;

Only the VHDL information pertaining to components and interconnections is conisidered. As
vlzdl'2ges is presently constructed, only one entity/architecture pair for a structuiral VIDL. model
is allowed within a file.



IV. The VHDL2GES System

4.1 The VHDL 2GFS Prolog Program

The following is an explanation of the Prolog routines used to translate the VHDL interme-
diate form created by vhdLparser into extraction rules used by G ES. Some familiarity with Prolog
is assumed. vhdi2ges works strictly with the intermediate form, therefore an assumption in using
this tool is tlit the VHDL description to be converted has already been parsed by vhd-parser.

The Prolog routine vhdl2ges/1 is the main driver of vhdl2ges.

vhdl2ges(File) :
vhdl-read (File),
vhdl2ges.sub,
halt.

The Prolog routine vhdlxread/l is part of the vhdLparser system. The name of the VHDL file
to be parsed is passed to vhdlxread/l. Afterwards, vlidl2ges..sub/O is called to work on the
intermediate form generated by vhdLparser.

vhdl2ges..sub/O calls a series of Prolog routines.

vhdl2ges-.sub :
vhdl2ges-comp-.ent,
vhdl2ges-comp-.arch,
vhdl2ges-gen-.rule,
vhdl2ges-.gn-find..axomaly,
vhdl2ges-.gon-.rule..name,

nl.

Some utilities common to Prolog routines in vhdl2ges are shown below.

9



% vhdl2gs..assrt-.comp.vector-.list~pi 'p2 ,p3,p4,pS).
%. This routine converts a list of bit-vyector names (implied equal ranges),
%. to a list of element names. A table isa built in memory called
% vhdl2gs-comp-.vector-.table. Each record of the table contains three
V% fields denoting the name of the component, the name of the vector,
%. and a list of its expanded elements.

V% Parameters:

%. p1: component name
%. p2: list of bit-.vector names
%. p3: high index
%. p4: 1ow index
%. pS: returned element list.

%. Calls:
%. append/3,vhdl2ges-expand-.name/4,assert/1.

V. Example:

V.%? vhdl2ges-.assert-.comp-.vector-.list~stagel, Ea,b,cJ ,8,4,X).

V. X = a-8,a-7,a6,a,a4,b8,7b6,bbA-. 8.c,c-7,c66,5,c-4)

V. no
V. I ?-listing~vhdl2ges-comp-.vector-.table).

%. vhdl2ges.conp-.vector-.table(stagel ,aEa-.8 ,a-.7 ,a-.6 ,a..,a-)).
V. vhdl2ges-.comp-.vector-.table(stagel ,b, Eb..8 b-j,b.6 ,b-.5,b-4)).
V. vhdl2ges-.comp..vector.table(stagel ,c, Ec-.8.c-7, c-.6,c-.5, c-4)).

vhdl2ges-assrt.comp.vector-list(_, 0- !....,0
vhdl2ges.assert-comp-.vector-.list(Comp, [Head IVarList] ,HighLow ,VarlntList)-

vhdl2ges-.expand-.name(HeadHigh,Lov,NevList),
assert(vhdl2gs..comp-.vector-.table(Comp,Head,NewList)),
vhdl2gs-.assert-.comp-.vector-.list(Comp.VarList ,High.Low. IntList).
append(IewList ,IntList ,VarlntList).

10



%. vhdl2ges..assert-.vctor.list(pl~p2,p3,p4).
% This routine converts a list of bit-.vector names (implied equal ranges),
%. to a list of element names. A table is built in memory called
%. vhdl2gs...vector-.table. Each record of the table contains two
%. fields denoting the name of the vector and a list of its expanded
% elements.

%. Parameters:

%. pi: list of bit-..vector names
%p2: high index
%p3: low index
%p4: returned element list.

V% Calls:
%append/3.vhdl2ges-expand-.name/4,assert/1.

% Example:

%.I' vhdl2ges-.assert-vector-.listC Ea,b) .22,20,X).

%. X =[a..22,a-.21,a-.20,b-.22.b-.21,b-.20)

%no
%.?. listing(vhdl2ges-vector-.table).

%. vhdl2ges-.vector-.table(a. Ea-.22,a-.21,a-.20)).
%vhdl2ges-.vector..table(b. [b-.22,b-.21,b..20)).

vhdl2ges-.assert-.vector-.list(I .-.,-,[ 0) !
vhdl2ges-assrt-.vector-.list( [HeadiVarList] .High,Low,VarlntList) -

vhdl2ges-.expand-.name(Head, High.Low,IewList),
assert~vhdl2ges..vector-.table(Head,NewList)),
vhdl2ges-.assert-.vector-.list(VarList .High,Low,IntList),
append(IewList,IntList ,VarlntList).



% vhdl2gs..expand-.name..lit(pl,p2,p3,p4).
%. This routine converts a list of bit-.vector names (implied equal ranges),
%. to a list of element names.

% Parameters:

%pi: list of bit-~vector names
%p2: high index
%p3: low index

%. p4: returned element list.

%. Calls:
% append/,vhdl2ges-expand-name/4.

%. Examples:

%. I ?- vhdl2ges-expand-name-.listCEa-in,b.jn],1050, 1048,X).

%. X = [a-in1050,a-in-.1049,a-.in1048,b-in-1050,b-.in-.1049,bin-1048)

%. no

vhdl2ga..expand-.name..hist( EHeadIVarList) ,High,Lov.VarlntList) -

vhdl2gs-.expand-.name(Head,High,Low,IewList),
vhdl2gs-expand-.name.list (VarList, High, Low, IntList),
append(NewList ,IntList .VarlntList).

12



% vhdl2ges..expand-.name(pl~p2,p3.p4).
%. This routine converts a bit-vector name to a list of element names.

%. Parameters:

%. p1: bit-vector name
%p2: high index

%. p3: low index
%p4: returned element list.

%. Calls:
%A append/3,name/2

% Examples:

%.I? vhdl2ges-.expand-.name(a..in,100,95,X).

%. X [ a..in-.100 .a-.in...9,a-.in.98,a..in-.97,a-.in.96 ,a-.in..95]

%no
%.I? vhdl2ges-.expand-.name(a..in,95,100,X).

%no

% In the second example, the range was ascending rather than
% descending.

vhdl2ges.expand-.name CVar ,Low, Low,*[NewList])

name (LowLowList),
name(Var,VarList),
append C[95) ,LowList ,Tail),
appendC VarList ,Tail,NewVarList),
name ClewList ,NewVarList).

vhdl2ges-.expand-.name(Var,High.Low, ENewASCList INewList])
High > Low,
name(Cligh,EighList).
name (Var, VarList).
appendC [95] ,HighList,Tail),
append( VarList ,Tail ,NewVarList),
name CNewASCList ,lewVarList),
Next is High - 1,

vhdl2ges-.expand-.name(Var,Iext ,Low,lewList).

13



The following Prolog routine, vhdl2gefcomp-ent/0, is called by vlidl2ges-sub.

vhdl2ges-comp-ent :-
vhdl2gesfind-entity(Identifier,Interface),
vhdl2gesJinterfacelist(Interface,SigList),
asuert(component(Identifier,SigList)),
assert(external_ sig(SigList)).

From the intermediate form generated by vhdlparser it constructs two facts to be asserted on the
Prolog facts database. The first one, component/2, has the following format.

component(entityname,[ port-list ]).

An example of how component/2 might look would be the following.

component (half-adder, [x,y,sum,cbar).

Another fact asserted as a result of calling vhdl2gescomp.ent/O is external-sig/1. Its format
is the following.

external-sig([ portlist ]).

The Prolog routine vhdl2gesJfind-entity/2 is used by vhdl2ges-comp.ent/O to return
the entity name and port list of the component being converted to an extraction rule.

vhdl2ges.find.entity(Identifier,Interface) :-
design.unit(_,entity(Identifier,_,Interface, ], ])).

14



The Prolog routine vhdl2ges-interfacelist/2 is called by vhdl2ges-.comp-.ent/O to ex-
pand port names from their bit-vector constructions into single-element name-constructions. A
table is built called vhdl2ges-.vector-.table/2.

vhdl2ges-.interface-.list (C) , )-
vhdl2ges-.interface-.list (

Lint sriace-.elementL.VarList.-,
vhdl-ubtype,-, indez( Evhdlrange(Low,to,High)J)) ,null,null)
IIntLiutJ,

NewList)

vhdl2ges-.assert-.vector-.list(VarList ,High,Low,VarlntList),
vhdl2ges-.interface-.list(IntList ,RetList),
appendCVarlntList .RetList,NewList).

vhdl2ges-.interface..list C
[interface..element (.,VaList, 
vhdl-subtype,., indexC Evhdl-range(High,downto3 Low))),null,null)
llntList],

IouList)

vhdl2ges-.assert-.vector-.list(VarList ,High,Low.VarIntList),
vhdl2ges-.interface-.list(IntList ,RetList),
append (VarlntList ,RetList ,IewList).

vhdl2ges.interace..list C
[interiace-.elementC. ,VarList,-,-..null.null)lIIntList),
NewList)

vhdl2ges-.interace-list(IntList ,RetList),
appendC VarList ,RetList ,IeuList).

vhdl2ges..interiace-.list(LllntList) ,RetList)
,vhdl2ges-.interface..list(lntList ,RetList).

vhdl2ges-.comp..arch/O is used to convert language constructs in the VHDL architecture
to facts in the Prolog database for further processing.

vhdl2ges..comp-.arch :-
component (Entlame,-j,
vhdl2ges...ind-.arch(Entlane ,Decl, Body),
vhdl2ges-create-int-.sig-.list (Dol, IntList),
assert~internal-sig(IntList)).
vhdl2g...create-.alias...tabl(Decl),
vhdl2gs-.create-.compa (Decl),
vhdl2ges-.create-.goal. (Body).

15



The Prolog routine vhdl2ges-find..arch/3 returns the list of arcliitec(t~inl(,c iCCalahve (.l-
ements and architectural body elements for use in vhdl2ges-.coinp..arch/o. rhle niity iaine
passed to vhdl2ges-ind-.arch/3 is used to find the correct architecture.

vhdl2ges-..ind-.archCEntlam. ,Decl .Body) :-
design-.unitC..,arch(Entlame,Decl,Body)).

The Prolog routine vhdl2ges-create-int-sigiist/2 is called by vhdl2ges-.comp..arch/O.
The purpose of vhd12ges-.creteint-.siglist/2 is to create a signal list from the signals declared
in the VHDL architecture declarative region. vhdl2ges-assert-vectoriist/4 is a vhzdl2ges utility
called by vhdl2ges-.createint..siglist/2.

vhdl2ges..create-.int..sig-.list([]E])
vhdl2ges-create-int..sig..list (

[object...dclaration~signal,SigList,
vhdl-subtype(null ,indeiC Evhdl-.range(High~downto ,Low)J )) ,nuil,null) I

DodlList) ,IntList)

vbdl2gs.aseart-.vector-.list(SigList ,High,Lov,IntermList),
vhdl2ges-.create-.int..sig-.listCDeclList ,RetList),
append(IntermList ,RetList,IntList).

vhdl2ges.creat-int-sig-.list C
(obi ect-.declaration~signal,SigList,

vhdl-subtype(null .. ,indexC Evhdl-rangeCLow ,to ,High)])) nu11 ,null) I
DodlList) ,IntList)

vhdl2ga..assert-.vector~listCSigList ,High,Lov, IntermList),
vhdl2gs..creat..int-.sig-.list(DeclList ,RetList),
append(IntermList ,RetList,IntList).

vhdl2gs..create-int-.sig-.list( [object-.declaration~signal ,SigList ,.,null ,null) I
DodlList) ,ntList)

vhdl2ges-.create-.int-siglist(DeclList .RetList),
append(SigList ,RetList, IntList).

vhdl2ges-.create-.int-.sig-listC L IDeclList] ,IntList)-
,vhdl2gs..create.int-.sig-.list(DeclList ,IntLi.st).
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The Prolog routine vhdl2ges-.create-.alias-.table/1 is called by vhdl2ges-.comp-.arch/O.
It is used to create alias tables from the aliases declared in the VHDL architecture declarative region.
The alias tables are used later to translate alias names into their actual names. A number of helper
routines are called to accomplish this objective. The routines are vhdl2ges-.assert-.vector-list/4,
vhdl2ges-expand..name-list/4, and vhdl2ges-.assert-alias-.table/2. Both Prolog routines
vhdl2ges-assert-vectorlist/4 and vhdl2ges-.expandaameist/4 are utilities described pre-
viously.

vhdl2ges-.create-.alias-.table(E[)
vhdl2ges-crate-alias..table( (vhd.Lalias(Alias,

vhdlsubtype.,...indexiC(vhdlrangeCAliasHigh,downto,AliasLow)J)),
vhdl-.name~prefix(Name) ,vhdl-rangeCNameHigh,downto,NameLow)))
IDecil)

vhdl2ges-assert-vectorjlist( (Alias) 9kliasHigh,AliasLow,AliasList),
vhdl2ges-e.xpand.name-.list( (lame] .NameHighNameLow,NameList),
vhdl2ges-.assert..alias-.tableAliasList ,NameList),
vhdl2ges..create-.alias..table(Decl).

vhdl2ges..createalias-.table( (vhdl-alias(Alias,
vhdl-subtype,-, index( (vhdl-.range(AliasLow,to ,AliasHigh)))),
vhdl-.name~prefix(lame) ,vhdl-range(NameLow,to,lameHigh)))
IDeci))

vhdl2gesassert-vector-.listC([Alias) ,AliasHigh,AliasLow,AliasList),
vhdl2ges-expand-name-.listC([Name) .NameHigh, NameLow,NaneList),
vhdl2gs-.assert-.alias...tabl(AliasList ,NameList),
vhdl2ges-.create-.alias..table(Decl).

vhdl2ges-.create..alias.tableC([vhdl-.alias(Alias,
vhdl-.subtype...,.., index(C vhdl-.rangeCAliasHigh,dorato ,AliasLow)))),
Name )
IDec])

vhdl2ges-.assertvector-listC([Alias) ,AliasHigh,AliasLou,AliasList),
vhdl2ges.vector-.table(Nam. ,NameList),
vhdl2ges-.assert-.alias-.tableAliasList .NameList),
vhdl2ges-.create-alias-.tableCDecl).

vhdl2ge..create.alias..table( (vhdl..alias (Alias,
vhdl-.subtype...,-,index(C(vhdl-.rangeCAliasLov .to.AliasHigh)])),
Name )
IDecil)

vhdl2ges-assert-.vector-.list( (Alias] ,Aliasligh,AliasLou,AliasList),
vhdl2ges-.vector-.table(Nm,lameList),
vhdl2ges-assert.alias-.table(AliasList ,lameList),
vhdl2gs-.create-.aliaa-table(Decl).

vhdl2ges-.create-.aliau..table( (vhdl..alias(Alias,_,
vhdl-.name(prefix(Name) , Number] ,_ ) IDec])

vhdl2ges-.expand.name-.listC(lName] ,Number,Number, NameList),
vhdl2ges..assert-.aliau..table( (Alias) ,NameList),
vhdl2ges..createaliau.Aabl.(Decl).
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vhdl2gee..create-lias-table([vhdl-aliasAlias,_,Sig) 1Dec12)

vhdl2gs..assert-.alias..table( [Alias) ,[Sig)),

vhdl2ga..create-.alias-table(Decl).
vhdl2ga..create-.alias-.tableC LIDeclJ)

vhdl2ges-.create..alias-.tableCDecl).

vhdl2ges-.assert-.alias-.table/2 is called by vhdl2ges-.create-.alias-table/l1 for the pur-
pose of creating a lookup table of aliases.

vhdl2gs-assert-.alia..table([][) 0
vhdl2gu..assert.al ias..tabl. C

[AliasHead IAliasTail) [ActualHeadlIActualTail])-

assert CvhdJ.2ges..alias.tableAliasHead,ActualHead)),
vhdl2ges-.assert-.alias-.tableAliasTail ,ActualTail).

An example of how vhdl2ges -assert.-alias-.table /2 works is the following.

I ?- vhdl2ges-.assert-alias-table[a-l.,a-O) Es..20,s..19)).

yes
I ?- listing(vdl2gs-alias.table).

vhd12ges..alias.tabe(a_.1,s_.20).
vhd2ges..alias.table(a_O .s_.19).

yes

The information conveyed by the table above is that a-d is an alias for s-.20.

The Prolog routine vhdl2ges..create.comps/1 is called by vlidl2gecoi-nop~archI/O for
the purpose of creating a table of component declarations from within the architect r declarative
region. The Prolog routine vhdl2ges-comp-interfaceeist/3 is called to generate ;I Signal list
from the component interface list in intermediate form.

vhdl2ges..create.coupsC[J):-!
vhdl2gs..create-.coips(C vhdl-.compComp,..,Int 'face) 1Dec12)-

vhdl2geu..comp-.interface..listComp,Interface ,SigList),
assert(comp(Comp,SigList)),
vhdl2ges-.create-.conps (Dcl).

vhdl2gex..creats..comps ( L1Dec13)-

vhdl2ges-.create-.comps (Decl).

The following is an example of how the component table is created from a component declarationl
in intermediate form.
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I -vhdl2ges-.create-comps(C vhdl-comp~and-.gate,null, Eintertace.element(
signal, (x,y] ,in,vhdl-.subtype(null,bit,null) ,null~null),
interface-.element(signal, [output) ,out ,vhdlsubtype~null ,bit ,null),
nul,null))))).

yes
I ?- listing~comp).

compand.gate, [x,output)).

yes

vhdl2ges-.compinterfacelist /3 is called by vhdl2ges-.create-.comps/ 1 for translating
the intermediate form of the interface list into a signal list.

vhdl2ges-.copinterface-1.ist(-., 0,D)
vhdl2gea..comp-.interface-.list (Camp,

[int or!ace-.elemnt(,VarList ,
vhdl-.subtypeL-,..,indexC[vhdl-.rangeLow,toHigh)])),null,null)
I IntList),

legList)

vhdl2ges-.assert-.comp-.vector-.listComp,VarList ,High,Lov,VarlntList),
vhdl2ges.comp-.interface-.litCComp,IntList .RetList),
append (VarlntList ,RetList. NewList).

vhdl2ges-.comp-.interface-.list CComp.
[inter! ace-.element C.,VarList,
vhdl-.subtypeL-,-..indx[vhdl-rangeHigh~downtoLow)J)),null.null)
I IntList],

NewList)

vhdl2ges-.assert.comp-.vector-.listCompVarList ,High,Low ,VarlntList),
vhdl2ges-.comp-.interface-.list(Comp,IntList ,RetList),
append(VarlntLiut ,RetList, NewList).

vhdl2ges-comp-interface-.list CComp,
[interface-.elementL-,VarList,_,_.,null,null) llntList],
NewLint)

vhdl2ges-.comp-.interface-.list(Comp.IntList ,RetList),
append CVarList ,RetList ,IewList).

vhdl2ges-.comp-.intrfac-list(Comp,[-llntList) ,RetList)
,vhdl2ges-comp-.interface..listCComp, IrtList ,RetList).
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The Prolog routine vhdl2ges-.create-goals/1 is calied by vhldI2ges-coimp-arch/O for tile
purpose of creating in the database a table of instantiated components, "~goals"',for the instantiated
components in the architecture body.

vhdl2ges-.create.goals(E)
vhdl2gea..create-.goalsCcompinatantC..,Name,,ElementList) Body])-

vhdl2g~a..createactual-list(Name ,ElementList, ActualList),
asiert (goal lame,ActualList)).

vhdl2ges-.create-.goals (Body).
vhdl2gcz-.create-.goals C L IBody])-

vhdl2ges-.create..goala (Body).

vhd12ges-.create-,actuaIlist/3 is called by vlidl2gescreate.goals /l 1 1ho Prolog routine
vhdl2ges-create-.actual.Jist/3 forms the interface list in the correct order for the goal tab~le
regardless of the form of the pori-map-aspect.

vhdl2gea-create-actual-list(-, ], [J)-
vhdl2ge...create.actual-list (Complan.,

(element (null, vhdl-name~pref ix (Name),
vhdl..rangeCLow,to,High))) lElementList] ,ActualList)

vhdl2gs-.expand-.naine(lame, High ,Lo , VectorList),
vhdl2ga..clieck-.alias( VectorList ,RealList),.
vhdl2geu-create..actual-list(Complame,ElementList ,InternList),

appendCRealList, IntermList ,ActualList).

vhdl2ges-.credte..actual-list(Complame,
(element (null ,vhdl-name~pref ix (lame),

vhdl-range(High~downtoLow))) lElementList] ,ActualList)

vhdl2gem..expand-.name(ame,High,Lou,VectorList),
vhdl2gos..check-.alias(VectorList ,RealList),
vhdl2ges.create-.actual-.listCompame,ElementList ,IntermList),
append(ftealList,InteruList ,ActualList).

vhdl2ges..create-.actual-list(Complame,
[element (null,

vhdl_call(lame, (element(null,Nainelumb)]))
lElementList) ,ActualList)

vhdl2gee..expand-.name(lame , amelumb , amelumb ,NameLi st),
vhdl2ge..check-.alias(lameList ,RealList),
vhdl2gs..creat...actual-.litCComplame ,ElementList ,InterList),

append(RealList ,InterList, ActualList).
vhdl2ges-.createactual-list(Complame,

(.lement(null.laue) lElementList) ,ActualList)
vhdl2ges-.vector-.table(ame,VectorList),

vhdl2ges-.check~alias( VectorList ,RealList),
vhdl2geu..create-actual..list(Complame ,ElementList ,IntermList),
append(RealList, IntermList ,ActualList).
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vhdl2ges-.create-.actual-liut (Complans,
[olement(null,Nae) lElementList) ,ActualList)

vhdl2ges-.check-.aliasC [Name) ,feal),
vhdl2ges-create-.actual-list (Complarne,ElementList *InternList),
append CReal, IntermList ,ActualList).

vhdl2ges-.create.actual-list CComplame,
(element~vhdl-.name(pretixCAssoc) ,vhdl-.rangeAssocHigh,downto,AssocLow)),

vhdl-.naie(prefix(la.) ,vhdl-.range(NaieHigh,downto, NameLow)))
lElementList) ,ActualList)

vhdl2ges-ex.pand-.naie(Assoc,AssocHigh,AssocLow .AssocList),
vhdl2ges-.expand-.naie(lai,laielighazeLo,lameList),
vhdl2ges-.check..alias(NaineList ,RealList),
vhdl2gs-.assert-..leient(AssocLa.'st ,RealList),
vhdl2ges-create-.actual-.list (Compla., ElementList, InterList),
comp(CompNane .SignalList),
vhdl2ges.retract-.element (SignalList, OrderedList),
append(COrderedList, InterList, ActualList)

vhdl2ges-create.actual.1istCompName,
[elementvhdl.naie~preiixCAssoc) ,vhdl-.rangeAssocLow,to,AssocHigh)),

vhdl-.naie~prefix(lane) ,vhdl-.rangeCNameLow~tc ,NaineHigh)))
lEleinentList) ,ActualList)

vhdl2ges-.expan-name(Assoc.AssocHigh,AssocLow,AssocList),
vhdl2ges-expand.nane(la.,aneigh, lameLow , ameList),
vhdl2ges-chck-.aliaa(NameList ,RealList),
vhdl2ges-assert-.elementCAssocList ,RealList),
vhdl2ges-.create-.actual-.listComplaze,ElementList ,InterList),
comp(Complame,SignalList),
vhdl2ges-.retract-.element(SignalList ,OrderedList),
append(OrderedList ,InterList, ActualList).

vhdl2ges-create-.actual-.list (Complan.,
[element CAssoc,

vhdl-.naie(prefixlane) ,vhdl-.range(NaieHigh,downto,NaineLow)))
lElementList) ,ActualList)

vhdl2ges-.comp-.vector-.tableCCouplaine,Assoc ,AssocList),
vhdl2ges-.expand.nane (lamelaineHigh, laieLow , aineList),
vhdl2ges-.check-.alias(lain.List .Real'ist),
vhdl2ges.assert-..lementCAssocList ,RealList),
vhdl2ges-.create-actual-.listCCompane ,ElementList ,InterList),
compCCompane ,SignalList),
vhdl2ges-.retract-..lement(SignalList .OrderedList),
appendCOrderedList ,InterList ,ActualList).

vhdl2ges-.create.actual-.list(Compame,
[element(Assoc,

vhdl-.nazne~prefixlame) ,vhdl-.range(NaieLow,to,NazneHigh)))
IEleinentListJ ,DctualList)

vhdl2ges..comp..vctor-table(Complaae, Ahmoc ,AssocList),
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vhdl2ges-.expand-.nam(Name,lameHigh,NameLow ,NameList),
vhdl2ges..check-.alias(NameList ,RealList),
vhdl2ges-.assert-e.leentCAssocList ,RealList),
vhdl2ges-.create-.actual..listCompName,ElementList ,InterList),
compCComplame ,SignalList).
vhdl2ges-.retract-.elementCSignalList ,OrderedList),
append(OrderedList.InterList,ActualL2 st).

vhdl2ges.create...actual-listCComplame,
[element~vhdl-.name(prefixCAssoc) ,vhdl..range(AssocLow,to,AssocHigh)).

lam.) lElementList) ,ActualList)

vhdl2ges-.expand..nameAssoc,AssocHigh,AssocLow,AssocList),
vhdl2gs-.vector-.table(lame ,NameList),
vhdl2geu..check-.alias(NameList ,RealList),
vhdl2ges-.assert-.elemntCAssocList ,RealList),
vhdl2ges-create.actual..listCCompName ,ElementList ,InterList),
compCComplam , SignalList).
vhdl2ges-retract-.elementCSignalList ,OrderedList),
appendCOrderedList ,InterList ,ActualList).

vhdl2ges-.create...actual-listCCompane,
(element~vhdl-.name(prefixCAssoc) ,vhdl-.range(AssocHig downto,AssocLow)),

lame) lElementList] ,ActualList)

vhdl2ges-.expan-nameAssoc,AssocHigh,AssocLow,AssocList),
vhdl2gs..vector-.table(lame ,IameList),
vhdl2gs..check-.alias (NameList ,RealList),
vhdl2ges-.assert-.element(AssocLi3t ,RealList),
vhdl2ges-.create-.actuallistCCompName ,ElementList ,InterList),
compCComplame ,SignalList),
vhdl2ges-.retract..element CSignalList,OrderedList),
append(OrderedList ,InterList ,ActualList).

vhdl2ges-.create-.actual..list(Complame,
[element Cvhdl-.name~prefixCAssoc), (AssocNumbJ ,[0),

vhdl..call(lame, Eelement(nullNaieNuinb)]))
lElementList] ,ActualList)

vhdl2ges-expand-.name(Assoc.Assocluinb,AssocNumb,AssocList),
vhdl2ges..expandname, Namelumb, NameNumb, NameList),
vhdl2gs..check-.alias(NameList ,RealList),
vhdl2ges-.assert-..lementCAssocList .RealList),
vhdl2ges-.create-.actuaJ...listCompName ,ElementList ,InterList),
compCCosrpName ,SignalList),
vhdl2ges-.retract-.elementSignalList ,OrderedList),
append(OrderedList ,InterList ,ActualList).

vhdl2ges..creat...actualjist(Compame,
(element CAssoc,

vhdl-call(lame, (element(nullNameNumb)]))
lElementList) ,ActualList)

vhdl2gou...upaid-name(amelamNumb, NameNumb 3 lameList),
vhdl2ges..check..alias (NameList ,RealList),
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vhdl2ges-.assert-.elementC([Assoc) ,RealList),
vhdl2ges...createactuallistCompame,ElementList,InterList),
comp (CampName.,SignalList),
vhdl2ges-r.xtract-.element (SignalListOrderedList),
append(OrderedList,InterList,ActualList).

vhdl2ges..create-.actual-list(Complame,
[element(vhdl-.name(preiixCAssoc), [Assoclumb) ,[,

Name)
lElementList) ,ActualList)

vhdl2ges-.expand-.name(Assoc ,Assoclumb,Assoclumb, AssocList),
vhdl2ges-.check-.alias( (Name) ,RealList),
vhdl2ges..assert-.elementAssocList ,RealList),
vhdl2ges-.create-.actual-.listCompame,ElementList ,InterList),
camp (Complame ,SignalList),
vhdl2ges-.retract-.elment(SignalList ,OrderedList),
append(OrderedList ,InterList ,ActualList).

vhdl2ges-create-.actual-.list(CompName,
(element(Assoc,Name) lElementList) ,ActualList)

vhdl2ges-.vectar.table (Name, NameList),

vhdl2ges-.comp..vector-.table(Complame, Assoc ,AssocList),
vhdl2ges-.check-.alias(lameList ,RealList),
vhdl2ges-.assert.elementCAssocList ,RealList),
vhdl2ges-.create-.actual-.listCompNaie,ElementList ,InterList),
comp(Complame ,SignalList),
vhdl2ges-.retract-.element (SignalList, OrderedList),
appen -(OrderedList *InterList ,ActualList).

vhdl2ges.create-.actual-.list(CompName,
[element CAssoc,Name) lElementList) ,ActualLjst)

vhdl2ges-check-alias( [Name) ,RealList),
vhdl2ges-.assert-.elementC [Assoc) ,RealList),
vhdl2ges-create.actual.list(Coampiame, ElementLi~t, InterList),
camp(Complame ,SignalList),
vhdl2ges-.retract-.elementCSignalList ,OrderedList),
append (OrderedList, InterList,ActualList).

vhdl2ges..create..actuallist(Camplame,[-iElementList) ActualList)

vhdl2ges-.create-actual-.listCCompName ,ElementList ,ActualList).
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The Prolog routine vhdl2ges-.check..alias/2 is called by vhdl2ges-create..actua~jist/3.
The Prolog routine vhdl2ges-.check..alias/2 checks that the signal is not an alias and if' so, returns
the actual name for the alias name.

vhdl2ge.check..aliasCODJ)
vhdl2ges-.ch~ock-.aliasC [Alias ITail , [Actual IActualList])

vhdl2gs..alias-.table(Alias ,Actual),

vhdl2ges-.chock-.alias ai,ActualList).
vhdl2gs..chock-.alias( [Actual ITail) *[ActuallIActualList])-

vhdl2gs-.check-.alias ai,ActualList).

vhdl2ges..aserelement/2 is called by vhdl2ges-.create-.actuaIlist/3 to create a tem-
porary table for association lists. The table is related to the port-map-aspeci of a specific component.

vhdl2gesassert.element C 0 , ) :-!
vhdl2ges-assrt-e.lement(C[AssoclIAssocList) *[Real IRealList])-

assert(assoc(Assoc.Real)),
vhdl2ges-.assert-e.leuentAssocList 3fealList).

vhdl2ges-retract-element/2 is called by vhdl2ges-.create-.actual-list/3. It is used to
retract the temporary table for association lists created by vhdl2ges.assertelenment/2. The
temporary table is retracted in the order specified by the local-port-clause of the component being
translated.

vhdl2gs..retract..element C[3J3 )-
vhdl2gesa.. tract-..lement C[Assoc IAssocList).

[IewlleadlleuTailJ) :
retract (assoc(Assoc ,IeuHead)),

vhdl2gs-.ratract.elemeut(AssocList ,NewTail).

vhdl2gs.retract.elementC..j3):-!

The following set of rules is used to generate the GES extraction rules within an output file
called rulefile. The first Prolog routine, vhdl2ges.gen-rule, is called by vhdl2ges.sub.

vhdl2gon-.gen-.rule

component (lame..,
write(Iame),writs(' :-'),nl,
vhdl2gos..gon-matching-goals-in-.orderCO ,Acc),
vhdl2g...gn-.unique-.rul. CAcc).
vhdl2gs-gen-.not...conncted,
vhdl2ges-.gen-.retract,
vhdl2ges-.gen-.anomaly,
vhdl2ges-.gen..assert,
nl,
told.
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vhdl2ges..gen..matching-goals-in-.order/ 2 is called by vhdl2ges-gen.rule. An accumu-
lator is used to keep track of the number of components being used as matching goals. The
accumulator value is used to make unique X and Y variables for each matching goal.

vhdl2ges.gen-.matching-.goals-.in-.order(Acc2,Acc)-
retract (goal(NameSigList)),

write(, '),writ*(Iame),write('(U'),
vhdl2goo-rit...ig.nare(SigList),
writeC' ,X') ,vrite(Acc2),
writeC' ,Y') ,writQ(Acc2),

NewAcc2 is Acc2 + 1,
vhdl2gs-gen-.matching-.goals-.in-.order(lewAcc2, Acc),'.
assert(goal(Name.SigList)).

vhdl2ges-gen.matching..goals-.in-.order(Acc IRetAcc)-
RetAcc is Acc - 1.

A goal in the facts database would be converted in the following manner.

I ?- listing(goal).

goal~and-gate. [a~b,outJ).
goal(an&..gatej c,d,out2j).

yes
I?- vhdl2ges-gen-.matching-.goals.in-.orderCO,X).
and-.gate(Na,lb,lout,X,YO,-),
aud-.gate(Nc,Ed,lout2,X1 ,YI ,-J

X I

no

The value returned in X is one less than the number of goals.

The Prolog routine vhdl2ges-.write-.sig-.namne/1 is called by vhdl2ges-gen-listing/0,
vhdl2ges-gen-llotconnected/O, vhdl2ges..gen-retract /0, vhdl2ges-gen-.anomaly/0,
vhdl2ges-gen-.assert/O, and vhdl2ges-en..matching.goals-in-.order/2. The Prolog routine
vhdl2ges-.write..sig-name/1 takes a signal list and writes the list in the correct order, each signal
name with a prefix of "N" (excluding the first signal name in the list).

vhdl2goa..write..sig-name( [Last])-
,write(Last).

vhdl2ges-.write-s ig..name ([Sig IList])-
write(Sig) ,write(',l'),

vhdl2gs-..rite.uig-.nain.CList).

An examiple of vlidl2ges-.write..sig-naiixe/1 is shown in the following.
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I ?- vhdl2gos...ritesig-.namn.C a,b, c,d)).
a,Ib,Ic,Nd
yes

The Prolog routine vhdl2ges-gen-.unique..rule/l is called by vhdl2ges-.gen..-rule. It pro-
duces unique-.component/1 for the extraction rule.

vhdl2ges-gn-.unique..rule(Acc) :-
write(C' unique-.componentC [),
vhdl2gs-gn-unique.XYs CAcc),

vhdl2ges-en-unique.XYs/1 is called by vhd,12ges-gen.ullique-rule/l. It produces aii
ordered listing of X-Y pairs.

vhd12ges.gen..unique-XYs (0)-

writ.(' EX0,YOJ').
vhd12ge..gen-.unique-.XYs (Acc)-

writeC' EX'),
write(Acc),
write(' .Y'),

write CAcc),
wite('],'1),
IewAcc is Acc - 1,

vhdl2gu..gen-.unique-XYs (NewAcc).

The following is an example of the output produced by vhd12ges-gen-.unique..XYs/1.

I ?- vhd12ges-.gen-.unique-.XYs(5).
[X5,Y5J , X4,Y4J , X3,Y3J * E2,Y2 ,EXi ,Y1 , EXO,Yo)
yes

The Prolog routine vhdl2ges..gen-not connected/O0 is called by vhdl2ges-.genirule. The
Prolog routine vhdl2ges-gen-.not-connected/O produces the not-connected /2 goal iused by
the extraction rule.

vhdl2gea..gon-.not-.connected-
internalumig( El),

vhdl2gs..gen-.not..connected-

intenal-s.ig(List 1),
external-.sig(List2).
write(' not-connected(EI),
vhdl2g~s-.write-.signame(Listl),writeC') ,EN'),
vhdl2gea..write-.sig-.name(List2) .vrite(')) , ) ,nl.
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The Prolog routine vhdl2ges-gen-.retract/O is called by vhdl2ges-gen-.rule.

vhdl2ges..gen-.retract :-
retract(goal(Iam.,SigList)),

write(' retract('),writ.(Ian.rite('(I'),
vhdl2gs-w.rite-.sig.name (SigList),

vhdl2ges-.gen-.retract.
vhdl2ges-.gen-.retract:-!

The Prolog routine vhdl2ges-en-.anomaly/O is called by vhdl2ges-en-rule. The Prolog
routine vhdl2ges-.gen..anomaly/O produces the "find-anomaly" line in the extraction rule.

vhdl2ges-.gen-.anomaly-
internal-sig(E0),

vhdlges-.gen-.anomaly-

component (Name,)
externalsigCList),
write(' find..anomaly..listC') ,write(lame) ,write('(I),
vhdl2gs..rite-.sig...nam(List),
writeC' ,XO,YO.i)j N'),
internal.sig(List2),
vhdl2ges.urite.sig.name (List2),
write(fJ) .'),nl.

vhdl2ges-en-assert/O, is called by vhdl2ges-gen-.rule. vhdl2ges-gen..assert/O is used
to generate the assert line of the extraction rule.

vhdl2ges-.gen-.as sort-
component(Iame ,-,
external-.sig(List),
write(, assert('),write(lame),vriteC'(N'),
vhdl2ges.urite-sig..nazu(List),
write(',XO,YO,1)),'Xnl,write(' fail.'),nl,
write(Name) ,write(' *'), K

The following Prolog routines generate a find-.anomaly/2 rule for GES. The output is
placed in a file called anomalyfile. The Prolog routine vhdl2ges-gen-find.anomaly/O is called
by vhdl2ges-.sub/O.

vhdl2ges-.gen-.find-anoualy
tell(anomalyfile),
vhdl2ges-anomaly..iirst-line,
component (lame,.),
external.sig (List),
vhdl2gs..anomaly-.gen-m.atch(Iame,List ,List),
vhdl2ges-.anouialy-.gen-.tail(lame),
told.
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vhd12ges..anomayfirstline/O, is called by vhdl2ges-gen-ind-.anomnaly/ 0.

vhdl2gen-.anomaly-first-.line-

writ.C'find-.azoaly(Comp,Node) :-1).

ni,
write(', ')

vhdl2ges.anomaly.gen-.match/2, is called by vhd12gesgen.find~iuxoraly/0.

vhdl2ges-nomalygen.match(ane ,Listl, [Head])-

write(lame) ,writ.C 'C'),
vhdl2ges-.anomaly-.node-.blank(Listl, (Head]),
write('X,Y,-),.'),nl.

vhdl2gs-anoaly..gen-.match(Nazn.,Listi, [HeadlList2l)
write(la..) ,write('('),
vhdl2ges-anoaly-node-.blankCListl, [Head IList2)),
write('X,Y,_j;'),nl,vrite(f )

vhdl2ges.anomaly-.genmatch(Name ,Listl ,List2).

vhdl2ges-.anomaly..node..blank/2 is called by vhdl2ges..anornaly.gen_1natchi/2.

vhdl2ges-anomaly-node-.blank([(),..) :-!
vhdl2ges..aiiomaay..ode..blazk( tisadIListi) ,EIeadl List2])
write('Iod.'),

vhdl2gs-.anomaly-.node-.bla~k (List i, [Head IList2)).
vhdl2ges-.anomaly-.node-.blank(L-IListiJ ,List2)

vhdl2ges-.anomaly-.node-.blank (List1, List2).

vhdl2ges.anomaly-en-tail/1 is called by vhdl2ges..gen-find-.aiioraly/0.

vhdl2ges-.anomaly-.gn-.tail(Iame) :-
write(' writoC' Failure extracting component '').write(Comp), '),nl,
writ*(' write(''.''),nl,write('' Internal node, ''),writ.(Node),1),nl,
write(, write(,,, connected to '),write(Nane),
write(' at X:1'),'),nl,
write(' write(X),write(''. Y:''),write(Y),write(''.''),nl.'),nl.
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The Prolog routines vhdl2ges.gen-.rule-.name/O and vhdl2gesgeniisting/O are both
called by vhdl2ges..sub/O. Both routines generate the appropriate Prolog code for GES to call
the extraction rule and call the list rule.

vhdl2ges-.gon-r.ule-rAame-
tell (ruleliatf ile),
component (Name -,
write(lame) ,urite(' ,.

told.

vhdl2ges-.gen-.listing-

component (Name ,-,
write(list-..' ,rite(Nam.),
write(', 'Xnl,
told,
fail.

vhdl2ges..gen-.listing-

tell~listfile),
component (Name -,,
exterial-..ig(List),
write('list-.'),write(Iame),writeC' :-O),nl,
write(' retract('),urite(Iame'.vriteC'(N'),
vhdl2ges-.writs..sig-.name(List),Write(' ,X,YT)),'.l
write(, writ.(') ,write(Name) ,write( '(N'),
vhdl2ges-.write-.sig-.name(List) ,write(' ,X,Y,T)).,),
write(' vrite(''.''),nl,'),nl,
write(' iail.'),nl,
writeC'list-.'),vrite(Name),write('. '),nl,
told.
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4.2 Building VHDL2GES

As stated earlier, vhdl2ges uses the VHDL intermediate form generated by vhdLparser. There-
fore, vhdl~ges must be compiled into a Prolog saved state of the vhdLparser. The following Quintus
Prolog session demonstrates building and saving vhdl2ges.

% vhdl-parser

Quintus Prolog Release 2.4 (VAX, Ultrix 2.0-2.2)
Copyright (C) 1988, Quintus Computer Systems, Inc. All rights reserved.
1310 Villa Street, Mountain View, California (415) 965-7700

1 ?- compile(vhdl2ges).
[compiling /usr/users/ges/src/pro/vhdl2ges/vhdl2ges. pl... I
[Undefined procedures will just fail ('fail' option)]
[vhdl2ges.pl compiled 13.433 sec 12,752 bytes]

yes
I ?- save(vhdl2ges).
[ Prolog state saved into /usr/users/ges/src/pro/vhdl2ges ]

yes

4.3 Executing VHDL2GES

There are two steps to executing vhdl2ges. The Prolog saved state is called at the system
prompt. Afterwards, the Prolog routine vhdl2ges/1 is called at the Prolog prompt. A short
session demonstrating how this is done follows.

% vhdl2ges

yes
[ ?- vhdl2ges(foo).

The VHDL file for this example may be called either foo.vhd or foo.vhdl.

There are five files produced by vhdl2ges. These files are called anomalyfile, listfile, listlist-
file, rulefile, and rulelistfile. The file anornalyfile contains a find.anomaly/2 Prolog routine
for the component being extracted. The file listfile contains the Prolog routine for correctly listing
the extracted component to the standard output. The file listlistfile contains the Prolog call for
the Prolog list routine. The file rulefile contains the extraction rule for the comlponent. Finally, the
file rulelistfile contains the Prolog call for the extraction rule. For an example of the Itfornti tioii
produced by vhdl2ges, let us consider the following VHDL description of a full adder:
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entity full-Adder is
port (

X, Y, Cin: in bit;
Sum, Cout: out bit

end full-Adder;

architecture full-adder of full-Adder is

component nand.gate
generic(constant tPLH:TIME:=O ns;

constant tPHL:TIME:=O ns);
port (signal A:in bit;

signal B:in bit;
signal C:out bit);

end component;

for all : nand-gate use entity work.nandgate( nandgate );

component half-adder-cc
port (

X, Y in bit;
Sum, Cbar: out bit

end component;

for all : half-addercc use entity work.half-adder-cc( gate-level );

signal P, q, R : bit;

begin
Cl: NANDGATE port map (Q, R, Cout);
C2: HALFADDERCC port map (X, Y, P, Q);
C3: HALFADDERCC port map (P, Cin, Sum, R);

end full-adder;

vhdl2ges is run to transform the full adder VHDL model.

% vhdl2ges

yes

I ?- vhdl2ges(full-adder).
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The contents of anomalyfile are

find-anomaly(Comp, lode) :-

(fulladder(lode,..,.......,Y,;
full-adder(,N.,ode,,,,X,Y,j);
fulladdr_,...,Node,..,X,Y,J);
fulladder,..,,lode,X,Y,-);

write( 'Failure extracting component '),writeCComp),

write('.'),nl,writeC' Internal node, '),write(Node),
write(', connected to full-adder at X:1),

write(X),writs(', Y:1),vriteCY),writeC'.').nl.

The contents of listfile are

list-full-adder :
retract~iulladder(lx,Ny,cin,Nsum,Ncout ,X,Y,T)),
write(iull-.adder(Nx.Ny.Ncin,Nsuln,Ncout,XY,T)), writeC'.'),ril,
fail.

list-.full-adder.

The contents of listlistfile are

list-full.adder,

The contents of rulefile are

full-adder :
nand-.gateq,Nr,Ncout,XO,YO,-J,
half-adder-.ccx,Ny,p,Nq,X1,Y1,-J,
halftadder.cc(lp,Ncin,lsum,lr,X2,Y2,-J,
unique-.componentC E[X2,Y2J,[XI ,Yi , [XO,YOJ)),
not-.connected((lp,lq,UrJ ,[lx,ly,lcin,Isum,NcoutJ),

retract(nand.gate(qlr,iout,-,-.,_)),
find-.anomaly..lit(ful.adder(lx.y,Ncin,Nsum,Icout,XO,YO.i)[Np,NqNr)),
assert(full-addr(Nx,Iy,Ncin,Nsum,Ncout,XO,YO,I)),
fail.

full-adder.

The contents of rulelistflle are

fulladder,

4.4 A C-Shell Routine for Building a Customized GES

A C-Shell routine was written so that a series of VHDL files could be read in and a customized

GES built from the resulting extraction rules. The following is a portion of the C-Shell routine
that pertains to vhdlfges.
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PATH=/bin: /usr/bin: /usr/local/bin:/usr/users/ges/bin: /usr/users/ cad/bin

anomaly/tp/alomfaly .$
rules=/tmp/rules .$S
rulelist=/tmp/rulelist.$
listfile=/tmp/listfile. 0*
listlistf il.=/tup/liutliatf ile. *0

case 111h in

-V)
>$anomaly
>$rules
>$rulelist
>$listfile
>*listliutfile
for i in $*

do
if test "$*ill~ -V

then
it test -f "$i".vhd -o -f Ie$ialvhdl

then
Cecho 'vhdl2gesC'; echo $i ;echo '.)Ivhdl2geu

cat anomalyfile >> $anomaly
rm anomalyf ile
cat rulefile >> $rules
rm rulefile
cat rulelistfile >) $rulelist
rm, rulelistf ile
cat listf ii. >> listfile
rm liatfile
cat listliatfile >> $listlistfile
rm listliatfile

else
echo $i does not exist. ges not produced.
rm $anomaly
rm $rules
rm $rulelist
rm $listfile
rn $listlistfile
rm. -f ges
exit 2

fi
Ii

done
cp /usr/uhers/ges/src/sh/verify/gesl gee
cat $rulelist >> ges
ra $ruleliet
cat /usr/users/ges/src/sh/verify/ges2 >> gas
cat *listlistf ie >> gee
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ra $listlistf ie
cat /usr/uberu/ges/src/sh/verify/ges3 >> ges
cat $ruis >> ges
ra $ruies
cat /usr/users/ges/src/sh/verify/ges4 >> ges
cat $anomaly >> goo
rm $anomaly
cat /usr/userm/ges/src/sh/verify/ges5 >> ges
cat $titfile >> gel
ru $imtf ii.
echo "compiie~ges). save(ges).' I prolog
exit 0 ;;

...other switches...

esac

echo Must specify switch:
echo verify -v filel ... filel to build customized ges from VHDL
echo verify -g magicfile --------to execute magic, ext2sim, and ges
echo verify -s simfile ----------to execute ges
echo verify -e simfile ----------to execute ges-errorl
echo verify -c ----------------- to clean up files
exit I

The "SS" used in the first few lines of the C-shell appends the process number of the current
process to the files being opened in the /tmnp directory. Afterwards, a test is made to ensure
that the VHDL files exist. As each VHDL file is processed by vhdl2ges, the five tiles produced by
vladl2ges are appended to their counterparts in the /trnp directory. Once all of the Vii I, files have
been processed, the five temporary files kept in the /tmp directory are mierged with Owe Prolog
code of GES. The customized GES is then compiled in Prolog and saved.
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V. Limitations of Hierarchical Extraction Methods

The purpose of this section is to discuss some limitations to hierarchical extraction. After the
discussion of the limitations, some suggestions for overcoming these limitations will be discussed.
The problem specifically involves the types of component configurations that are recognized and
extracted. Consider the following example.

Assume that an extraction rule exists for identifying an AND gate formed from a NAND
gate followed by an inverter. A typical GES extraction rule for identifying this configuration is the
following.

and-gate

nandgate(Nx,Ny,Ninterm,XO,YO,._ ),
inv(Ninterm,NoutputX1,Y1,.),

unique-component([[Xl,Y1] , [XO,YO]]),
notconnected( [Ninterm], [Nx,Ny,Noutput]),

retract(inv(NintermNoutput,...,... )),
retract (nand-gat•(Nlx.Nfy. Ninterm.....) ),

find-anomalylist(and_gate(Nx,Ny,NoutputXO,YO, 1). [Ninterm]),

assert(and-gate(lx,Ny,Noutput,XO,YO,1)),
fail.

and-gate.

From the extraction rule and-gate/0, every NAND gate followed by an inverter will be replaced
with an AND gate.

Consider an additional extraction rule, half-addercc/0, constructed as follows.

half-adder-co :-

xor-gate(Nx,Ny,NsumXOYO,_),
nandgate(Nx,Ny,Ncbar,X1 ,Y1, _),
inv(Ncbar,Ncarry,X2,Y2,_),

uniquecomponent ( [X2,Y23, [Xi ,Y1 ], [XO,YO]),
notconnected( [lcbar], [ix,Ny,Nsum,Ncarry]),
retract(inv(lcbar,Ncarry...,... )),

retract(nandgate(Nx,Iy,Icbar, ...... )),
retract(xor-gate(Nx,Ny,Nsum ...... )),
find-anomaly-liet(halfadder-cc(Nx,Ny,Nsum,Ncarry,XO,YO, 1), [Ncbar]),
assertl half-adder-cc(Nx,NyIsum,Ncarry,X0,YO,1)),

fail.

half-adder-cc.

We will use the and-gate/O and half-adder.cc/0 rules to perform extraction on the following
Col ipOlielits.

nand-gate (nanb,ncbar, 1,1,1).

xor-gate(na,nb,nsum, 10,1,1).
inv (ncbar, ncarry, 1,10,1).

If t h, lialf-adder-cc/O extraction rule is used before the and-gate/O extraction rule, the following
will i'sull.

half-addercc (na ,nb, nsum, ncarry, 10, .11).
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However, if the and-gate/O extraction rule is used before the lialf-adder-.c/O extraction rule,
the following will result.

xor..gate(nta,nb,nsum, 10,1,1).
and~gate~na ,nb ,ncarry ,1, 1,1).

There are three methods for solving this problem. The first method involves ordering the
rules such that the haIlfadder-.cc/O extraction rule is called before the and..gate/O extraction
rule. This prevents the and..gate/O extraction rule from interfering with proper extraction of the
half-.adder-.cc/O extraction rule. The next two methods are interrelated.

If higher-level structural VHDL descriptions are not making use of the fact that an and-gate
VHDL description exists, then eliminate the and-gate VHDL description. However, if it is necessary
to have an and-gate VHDL description, ensure that all higher-level structural VIIDL descriptionls
take advantage of the and-gate VHDL description. This type of reasoning may require the designer
to make more prudent use of VHDL-based models. However, the designer may employ another
method of enriching the extraction rule set by simply adding an additional VHDL description for
half adders using AND and Exclusive-OR gates.

The previously described problem is not the only case where hierarchical extraction may
requ.ire some manual intervention. Some extraction rules might force extractions over component
boundaries. An example of how this might occur follows.

The previously defined extraction rules, and-gate/O and half-.adder-.cc/O, will be used.
Assume a new extraction rule for half-.adder/O.

half-adder :
half-.adder-.ccx,y,Nsum,lcbar,X,YO,-j,

unique-.component([[X1,Y1J , XO,Yo))),
not-.connected( ElcbarJ , Ex,Iy,Nsum,Ncout]),
retract~inv(lcbarNcout ,..,..,j))
retract~haladder-ccCNx,Ny,Isum,Ncbar,-.,..,)),
find-.anomalylist(halt-adder(lx,Ny,sum,Ncout ,XQ ,YO, 1), Elcbar)),
assert(halftadder(Nx,Ny,Jsum,Ncout,X0,YO, 1)).
fail.

half-.adder.

The component list from earlier in the section will be used. For clarity, the samne neflist. is shown
below.

nand..gato(na,nb,ncbar, 1,1.1).
xor..gat.(na,nb,nm, 10,1,1).
inv(ncbar,ncarry,1,10,1).

If the extraction is performed in the order and..gate/0, half..adder-ce/O, and half-.adder/O, the
result will be the following.

xor..gate(na,nb,nsum, 10,1,1).
and..gate(na ,nb ,ncarry ,1, 1, 1)
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lhcI three methods presented earlier are also useful iii solving this problem.

There is one type of extraction problem that requires greater consideration. Assume we define
a four-input AND gate as shown in Figure 1. Using the new extraction rule for a four-input AND
gate, we will extract the circuit shown in Figure 2. Once the extraction process has completed, two
different interpretations may result. In one case, the extraction process might yield two four-input
AND gates and one two-input AND gate. In the second case, the extraction process might yield
one four-input AND gate and four two-input AND gates. Currently, the method for solving this
problem is to exclude VHDL descriptions for models that contain homogeneous structure.

Figure 1. Four-Input AND Gate.

Figure 2. Simple Circuit.
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VI. Conclusions

Several items were discussed in this report. A method for generating Prolog ex-raction rules
for GES was provided. Modifications to the general GES extraction rule were also presented.
Limitations regarding unguided hierarchical extraction were examined. Methods for overcoming
the limitations were offered.

Further work is under way to automate recognition and correction of the limitations to un-
guided hierarchical extraction. Other additions to the GES environment are also progressing.
Future additions include determining propagation delays for gate-level components from magic [4]
layout descriptions, "pin-to-pin" delay analysis (to include finding critical paths in magic layout
descriptions), highlighting critical paths in magic, back annotation of VHDL models with critical
paths, and an expert system extension for generating VHDL models of undocumented components.
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