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ABSTRACT

assignment list,

needed for the computer-aided

hardware diagram has been

A computer program producing a net list, pin

check list and list of materials

circuit design (CAD) process from a

designed and implemented in Pascal,

recognize hand-drawn schematic

carried out as one

automation (DA) for very large scale integration

Algorithms for discriminating between connection

symbols, identifying the type of symbols are presented. Further

improvements with these approaches are discussed.

In addition, an approach to

diagrams has been considered and

of the very early stages of complete design

(VLSI) circuits.

lines and gate
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1. INTRODUCTION

Computer-aided design (CAD) techniques developed over the past

decade are now finding widespread use in the design, manufacture and

test of electronic assemblies. In the electronic industries, many

computer-aided design tools have been developed to help engineers

who need to draw schematic diagrams and write the corresponding net

lists, lists of materials, etc. Actually, a schematic drawing is

only a by-product, but obviously the visual geometry of the

schematic is a useful aid to the engineer's intuition and ability to

predict the circuit's performance. In practice, the usual process

to produce such a diagram is to have the engineer draw the sketches

needed and forward them to a draftsman who might redraw them

manually or use a digitizing tablet to enable a computer to drive a

It should be noted that the information needed toplotter,

implement the given diagrams must be extracted from hand-drawn

schematics of the design engineer has to list them.

Initially, the author developed the Fortran program KPATH

(refer to Appendix A for details) which aids the designer in drawing

schematic circuit diagrams employing a user-oriented CAD system.

The program KPATH, however, does not have the capability of

generating the net lists, lists of materials, checking lists, etc.,

needed for production or for automatic placement and routing. In

essence, a complete CAD software package must consist not only of

the capability of aiding design at the functional block and
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schematic diagram level, but also of providing other design

documents that organize the design information into appropriate

formats for further processing in various production departments.

Considering paractical applications, KPATH leaves many tools to

be desired such as (1) a library containing part outline templates

available for schematic drawing, (2) a symbol-creation subroutine

with which the engineer may create special symbols needed, (3) a

window function that contarcts or expands the dispaly such that the

active drawing fits the screen, (4) documentation generation

routines which extract information from the data files captured in

the schematic design step and produces all the documents needed in

the production phase, and (5) tools providing for automatic

palcement and routing of chips, logic simulation, and timing

analysis.

Using a library of parts provides a powerful aid to the

Since the dimension and pin numbers of a chip ordesigner.

component are standardized, a template library can contain the exact

template of a chip with the fields (pin connections, signal names,

circuit designation and part numbers) ready to'be filled in by the

Since the program KPATH is impractical and time-

consuming, an approach to eliminate these problems has

engineer.

been

undertaken on a TI-990 computer system which does not support a

graphics environment. Hence, a computer program, named Integrated

Circuit Map (IC-MAP), producing a net list, check list, pin

assignment list, and statistics needed for the automatic design

2



process from the hardware diagram level has been designed and

implemented in Pascal. The output lists of IC-MAP not only enable

engineers to check their design at a glance, but also can be used

for further processing such as logic simulation, automatic

placement, layout, wiring, timing analysis, and other design needs.

An additional software package has been developed by the author

to recognize hand-drawn schematic. Since the schematic level

diagram itself provides a great deal of information concerning

circuit function in a very simple form and has been the easiest way

represent the circuit of a designer's ideas, an approach to

a hand-drawn schematic diagram has been considered and
recognize

carried out as an early stage at the fully automated CAD or design

automation (DA) for VLSI circuitry,

recognize a hand-drawn schematic diagram by discriminating between

The procedures presented

connection lines and gate symbols and identifying the gate type such

as AND, OR, NAND, NOR, and INVERTER.

The following sections describe in detail; (1) a user's guide

for IC-MAP, (2) software description of IC-MAP, (3) recognition

algorithm for a hand-drawn schematic diagram and (4) concluding

remarks include suggestions for further improvements of IC-MAP and a

discussion of various problems confronted with the computer

recognition of hand-drawn circuit diagrams.

3



2. USER'S GUIDE FOR IC-MAP

2.1 General

The Pascal program IC-MAP to be executed with Texas Instrument

Pascal (TIP) on the TI-990 computer system consists of two separate

The first, named IMAP, not only enables a user to create

the integrated circuit specifications, but also allows

modules.

and edit

creation of an output key indexed file which can be used as an input

file to produce all other output files. The other module called

CMAP generates a net list, pin assignment list, check list, and list

key indexed file generated byof materials corresponding to the

IMAP.

To use IMAP and CMAP, first of all the user has to prepare a

An example is shown in Figure 2.1.pin-assignment wiring diagram.

After obtaining this diagram, the following steps should be taken at

Note that .RES.RES999 is an arbitrary user ID, <CR>

means a carriage return, and * indicates the prompt of the computer.

(1) Assign synonyms as shown below for your convenience.

least once.

[] AS
SYNONYM: DIR

VALUE: .RES.RES999

SYNONYM: SOURCE

VALUE: DIR.SOURCE

SYNONYM: OBJ

VALUE: DIR.OBJECT

SYNONYM: LIST

VALUE: DIR.LIST

SYNONYM: LINK

VALUE: DIR.LINK

SYNONYM: OUTFILE

VALUE: DIR.OUTFILE

(2) Create file directories for SOURCE, OBJECT, LIST, LINK,

4
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Program images as an example shown below.

[] CFDIR
PATHNAME

MAX ENTRIES

DEFAULT PHYSICAL RECORD SIZE

DIR

10

<CR>

[] CFDIR
SOURCEPATHNAME

MAX ENTRIES

DEFAULT PHYSICAL RECORD SIZE

30

<CR>

Repeat for OBJECT, LIST and LINK.

[] CFPRO
PATHNAME:

MAX NUMBER OF TASKS:

MAX NUMBER OF PROCEDURES:

MAX NUMBER OF OVERUYS:

INITIAL ALLOCATION:

SECONDARY ALLOCATION:

EXPANDABLE?:

DIR.PRO

255

255

255

85

<CR>

YES

(3) Copy source programs in .RES.RES549.

[] cc
.RES.RES549.SOURCE.IMAP

SOURCE.IMAP
INPUT ACCESS NAME(S)
OUTPUT ACCESS NAME

REPLACE?

MAXIMUM RECORD LENGTH

NO

<CR>

[] CC
.RES.RES549.LINK.IMAP

LINK.IMAP
INPUT ACCESS NAME(S)
OUTPUT ACCESS NAME

REPLACE?

MAXIMUM RECORD LENGTH:

NO

<CR>

Repeat the same steps for CMAP.

(4) Compile source programs.

[] XTIP
SOURCE.IMAP

OBJ.IMAP

LIST.IMAP

SOURCE

OBJECT

LISTING

MESSAGES

OPTIONS

<CR>

<CR>

MEMl <CR>

MEM2 <CR>

<CR>MEM3

6



Repeat the same steps of XTIP for CMAP.

(5) Link object programs.

[] XLE
CONTROL ACCESS NAME: LINK.IMAP

LINKED OUTPUT ACCESS NAME: DIR.PRO
LISTING ACCESS NAME: LIST.IMAP

PRINT WIDTH: 80

Repeat the same steps for CMAP.

2.2 IMAP

The simple circuit of Figure 2.1 is used to illustrate the

execution of IC-MAP. The user should take the following steps:

This(1) Create a key indexed file by using a command CFKEY.

file written by IMAP will be an input file for CMAP. An example is

shown below.

[] CFKEY
OUTFILE.TESTMAPPATHNAME

LOGICAL RECORD LENGTH

PHYSICAL RECORD LENGTH

INITIAL ALLOCATION

SECONDARY ALLOCATION

MAXIMUM SIZE

START POSITION

KEY LENGTH

DUPLICATES?

MODIFIABLE?

ANY MORE KEYS?

300

768

<CR>

<CR>

100

1

4

N

N

NO

Here, the pathname format should be like

<.RES.RES999.OUTFILE.fi1ename>.

(2) Now IMAP can be executed.

[] XPT
PROGRAM FILE: DIR.PRO

TASK NAME OR ID: IMAP

INPUT: <CR>

OUTPUT: <CR>

7



MESSAGES: <CR>

MODE .(F,B,D): FOREGROUND
MEMORY; 10,1

(3) Enter a key indexed file name when prompted from the video

Note that this key indexed file must bedisplay terminal (VDT).

created with CFKEY command before executing IMAP.

[] Enter a output key filename to create/edit your IC

This file will be input file for CMAP (eg: TESTMAP):
TESTMAP

KEY FILE PATHNAME: .RES.RES999.0UTFILE.TESTMAP

design.

(4) THE VDT then displays the MAIN menu selection as shown in

Note that any item in the menu sets can be chosen byFigure 2.2.

the first two characters regardless of the length of string in the

Type a device name you want to use in order to make sure the

74LS00). If it exists, the VDT

shows the configurations (Figure 2.3), otherwise, it displays some

i tern.

'device exists in the Library (e.g.:

If it is necessary to correct or create ainstructions.

specification or configuration of that chip in the Library, enter

Then the VDT will show the"LIB" to get in the Library mode.

Library menu set on the screen as shown in Figure 2.4. Figure 2.5

shows the terminal ready to be filled in by the user after typing

CRE".

(5) Some menus in the MAIN selection and in "TTL" menu set help

the user at the functional level (Figure 2.6). When the user does

not know the specific device name or number, the program lists

the device names performing that function. Note that the user must

change the source program or IMAP to modify the list of devices and

all

8



'kit'k'k'k'kic
GENERATION OF HARDWARE DIAGRAM.

LIBRARY : CREATE & DELETE DATA IN LIBRARY.
USER : EDIT,CREATE,DELETE & DISPALY USER FILE.

DISPLAY AN IC SPECIFICATION (Default).
I

EXIT THE PROGRAM (IMAP)

TTL : TI TTL SERIES
MIC : MICROPROCESSOR
RAM : RAM

ROM ; ROM
PRO : PROM
EPR ; EPROM
PLA : PLA

ie-kiekiddc

" DIS
■■ HEL
■■ BYE

HELP

roi
'I'
2

3

4

5

6

7

8

][ MAIN MENU

[] Please enter an option or IC type no. : *

MAIN menu selection.Figure 2.2.

Type Number:74LS00
Discription:QUAD.2-INPUT POS.NAND GATES
Area(sq.in);0.24335
Price( $ ) :0.85
Ty.Power.mW:2.55
Mx.Power.mW:

Ty.Delay.ns:9.5
Mx.Delay.ns:
No. of pins:14

74LS00

14lA Vcc- 1

IB 4B

lY 4A

2A 4Y

2B 3B
2Y 3A

GND 3Y

13-2

123

4 11

105
96

8-7

*
<CR> to continue

An example display of 74LS00.Figure 2.3.
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GENERATION OF HARDWARE DIAGRAM.

: CReate an IC data in LIBRARY.
: EDit

: DEIete an IC data in LIBRARY.

: Display an IC data in LIBRARY.
: HELP

: QUIT editing LIBRARY FILE.

CRE
an IC data in LIBRARY.EDI

DEL

DIS
HEL I

J QUI

][ LIBRARY MENUieitic

[] Please enter an option or IC type no. : *

LIBRARY menu set.Figure 2.4.

[] Enter data as followings ;
Type Number:
Discription:
Area(sq.in):
Price( $ ) :
Ty.Power.mW:
Mx.Power.mW:

Ty.Delay.ns:
Mx.Delay.ns:
No. of pins:
PIN 1 : I/0/C/N/:I

< Prompt will show up as the number of pins >
< Enter I for input, 0 for output, C for open collector

or tri-state and N for no internal connection pin >

Figure 2.5. Selection of "CRE" in Library mode.

10



GENERATION OF HARDWARE DIAGRAM.

ro. NAN ; NANO
NOR : NOR

‘2. AND : AND
■3. ‘OR : OR .
■4. ■ INV : INVERTER
■5. ■ XOR : EXLUSIVE OR
‘6. ■ FFP : FLIP-FLOP
■7. ■ ADD ; ADDER
’8. ■ MUL : MULTIPLIER
■9. ■ SHI : SHIFT REGISTER
'10.■ DAT : MULTIPLXER/DATA SELECTOR

‘1.

][ TTL MENU

*

[] Please enter an option or IC type no. :

Figure 2.6. TTL menu set.
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Figure 2.7 and Figure 2.8 illustrate the

selections of "NAND" and "RAM", respectively.

(6) After checking all the devices in the Library, type

Library mode and obtain User mode by typing "USER".

VDT will show up as shown in Figure 2.9. Now, the user can create,

delete, edit and display their design by selecting the corresponding

Figure 2.10 shows the steps to record one device (e.g.: UOl)

of the hardware diagram (see Figure 2.1). Repeat the same steps for

each chip with the same methods. Each device implemented here may

be inspected with the display function (DIS) in the User mode and

the device designator (e.g.: UOl) uniquely assigned.

The user may return to the MAIN menu selection by selecting

QUI" in any mode.

these menu sets.

II II

QUIT

Theto leave

menu.

II

2.3 CMAP

Since the time-consuming and tedious job of entering data from

the circuit diagram has been done in IMAP, The documentation-

generation routine, CMAP, simply processes the data produced by

IMAP. IMAP can be executed as shown below.

[] XPT
DIR.PROPROGRAM FILE

TASK NAME OR ID

INPUT

OUTPUT

MESSAGES

MODE (F,B,D)
MEMORY

CMAP

<CR>

<CR>

<CR>

FOREGROUND

12,1

Then all the user needs to do is to enter the file names and the

12



[11 QUAD 2-INPUT POSITIVE-NAND GATES
7400, 74H00, 74L00, 74LS00, 74S00
5400, 54H00, 54L00, 54LS00, 54S00

[2] TRI. 3-INPUT POSITIVE-NAND GATES
74S10, 74H10, 74LS10, 7410, 74L10
54S10, 54H10, 54LS10, 5410, 54L10

[3] DUAL 4-INPUT POSITIVE-NAND GATES
74S20, 74H20, 74LS20, 7420, 74L20
54S10, 54H20, 54LS20, 5420, 54L20

[4] 8-INPUT POSITIVE-NAND GATES
74S30, 74H30, 74LS30, 7430, 74L30
54S30, 54H30, 54LS30, 5430, 54L30

[5] QUAD, 2-INPUT POSITIVE-NAND GATES(OPEN COL.OUTPUTS)
7401, 74LS01
5401, 54LS01, 54L01

[] Please enter an option or IC type no. : *

Selection of "NAND in TTL or MAIN menu.Figure 2.7.

[1] 256-BIT RAM(TRI-STATE OUTPUT) (256x1)
74S201, 54S201

[2] 256-BIT RAM(OPEN COL.OUTPUT) (256x1)
74S301, 54S301

[3] 64-BIT WORDS RAM(0PEN COL.OUTPUT) (16x1)
74S289, 7489, 54S289

[] Please enter an option or IC type no. : *

Selection of "RAM' in MAIN menu.Figure 2.8.
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GENERATION OF HARDWARE DIAGRAM.

CRE : CReate an IC data in USER FILE.
EDI : EDit

DEL : DElete an IC data in USER FILE.

DIS ; Display an IC data in USER FILE.
HEL : HELP |
QUI : QUIT editing USER FILE.

an IC data in USER FILE.

][ USER MENU■k-kic

[] Please enter an option or IC type no. : *

Selection of "USER" in MAIN menu.Figure 2.9.
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74LS00■] Enter an IC type number to put in file:
J Enter QU to quit making file.

Creation of a device in User mode.

Step 1 : Selection of "CRE".
Figure 2.10.

PAGE*

Type Number:74LS00
Discription:QUAD.2-INPUT POS.NAND GATES
Area(sq.in):0.24335
Price( $ ) :0.85
Ty.Power.mW:2.55
'lx. Power. mW:

Ty.Delay.ns:9.5
Mx.Delay.ns:
No. of pins:14

74LS00

lA Vcc

IB 4B

lY 4A

2A 4Y

2B 3B

2Y 3A
GND 3Y

14-1
132
123

114

105

96

87

■] Please, enter a page number (eg: PAGE5) :
’] Enter QU to quit making file.

( Continued )
Step 2 : VDT shows 74LS00 spec,

asking page no.

Figure 2.10.

15



PAGEO

Type Number:74LS00
Discription:QUAD.2-INPUT POS.NAND GATES
Area(sq.in):0.24335
Price( $ ) :0.85
Ty.Power.mW:2.55
Mx.Power.mW:

Ty.Delay.ns:9.5
Mx.Del ay.ns:
No. of pins:14

74LS00

14-lA Vcc1

IB 4B

lY 4A
2A 4Y

2B 3B

2Y 3A

GND 3Y

132

123

114

105

6 9

87

Enter a circuit designator (eg: U12).
Enter QU to quit making file.

( Continued )
Step 3 : Enter a circuit designator.

Figure 2.10.

PAGEO

Type Number:74LS00
Discription:QUAD.2-INPUT POS.NAND GATES
Area(sq.in):0.24335
Price( $ ) :0.85
Ty.Power.mW:2.55
Mx.Power.mW:

Ty.Delay.ns:9.5
Mx.Delay.ns:
No. of pins:14

74LS00

lA Vcc

IB 4B

lY 4A

2A 4Y

2B 3B

2Y 3A
GND 3Y

14-1ic

132
123

114

105
96

87

UOl

'] Enter signal names on pins,
j Begin I/O signal form/to external with * or (3

( Continued )
Step 4(a) : Enter signal names.

Figure 2.10.
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PAGEO

Type Number:74LS00
Discription:QUAD.2-INPUT POS.NAND GATES
Area(sq.in);0.24335
Price( $ ) :0.85
Ty.Power.mW:2.55
Mx.Power.mW:

Ty.Delay.ns:9.5
Mx.Delay.ns:
No. of pins:14

74LS00

14- VcclA Vcc

IB 4B
lY 4A
2A 4Y

2B 3B
2Y 3A

GND 3Y

1XI
13 Dll
12 D12

11-—D13
10 X2

2QO
3Dll
4X2
5-QO

XI96D12
8 D14GND 7

UOl

1 Enter signal names on pins.
J Begin I/O signal form/to external with * or 0

( Continued )
Step 4(b) : Signal names entered.

Figure 2.10.

17



title of the design following the prompts as illustrated in Figure

the pathname of the file

The length of a

2.11. Each time the file name is typed in

will be automatically displayed on the terminal,

file name is limited to eight characters.

2.4 Results

pin assignment listThe output files, such as the net list

check, list and list of materials, generated by CMAP can be obtained

on the terminal or line printer.

(1) On the terminal

[] SF
FILE PATHNAME; OUTFILE.<fi1ename>

(2) On the line printer

[] PF
FILE PATHNAME(S): OUTFILE.<FILENAME>

ANSI FORMAT?; NO

LISTING DEVICE; LPOl

DELETE AFTER PRINTING?; NO
NUMBER OF LINES/PAGE; <CR>

(3) List the directory of the output files.

[] ld
PATHNAME; DIR.OUTFILE

LISTING ACESS NAME; <CR>

Figures B.1-B.4 in Appendix B, respectively, show the net list, list

check list and pin assignment list of the circuit

diagram previously shown in Figure 2.1, page 5.

of material

18



Enter a source key filename to make all the output files

(eg: TESTMAP) : *
Enter a title for your design (eg: Up-down Octal Counter)

Enter a filename to save net list (eg:NETMAP) :
Enter a filename to save list of material(eg:LISTMAP):
Enter a filename to save check list (eg:CHECKMAP) :
Enter a filename to save list of pins (eg:PINMAP) :

[]

[]

NET[]
LIST[]
CHECK[]
PIN[]

.RES.RES999.0UTFILE.NET

.RES.RES999.0UTFILE.LIST

.RES.RES999.0UTFILE.CHECK

.RES."RES999.0UTFILE.PIN

OUTPUT FILE PATHNAME

OUTPUT FILE PATHNAME

OUTPUT FILE PATHNAME

OUTPUT FILE PATHNAME

VDT display when executing CMAP.Figure 2.11.

19



3. SOFTWARE DEVELOPMENT

The basic rules of IC-MAP are (1) the output of a gate cannot

be connected with the output(s) of some gates except the

open-collector and tri-state outputs which are commonly used to form

TTL and MOS systems, and (2) except for external

input/output signals, an input signal must have a driving source and

an output signal must connect to an input line.

Pascal was chosen for the development of the software package

IC-MAP due to its character manipulation capability and its

portability. In the following sections,

documented in detail to allow for further modifications. Figures

buses in

IMAP and CMAP are

3.1-3.2 show the profile of IC-MAP.

3.1 Key Indexed File Structure

Texas Instrument Pascal (TIP) provides a special file structure

called key indexed file (KIF) [6]. The key indexed file allows

The key is a characterrandom access to its records via a key.

string of as many as 100 characters, located in a fixed position

within each file record. One to fourteen individual keys can be

specified. For example, the records in a student file can be

accessed by keys that indicate the student's name. date of birth.

and social security number.

A single procedure, KEY$FILE, enables a TIP program to perform

a variety of operations on key indexed files. Each call to KEY$FILE
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(* FILENAME : SOURCE.IMAP *)Program IMAP;

(* External Procedures and function *)
SET$ACNM
DISPLAY

STATIONID

FIND$SYN
ACCEPT

KEY$FILE
INITSCREEN

CLEARSCREEN SVC$

(* Internal Procedures *)
PROCEDURE Charin( character;stringZ; VAR intnum;integer );
PROCEDURE Clearword( VAR wordiPACKED ARRAY[1..?]0F char );
PROCEDURE Realnumcheck( word:string; VAR character:string2 );

PROCEDURE Inchar( intnum:integer; VAR character:sting 2);
PROCEDURE VDT;
PROCEDURE Mainmenu;
PROCEDURE Functionalmenu;
PROCEDURE Librarymenu;

PROCEDURE Editmenu;
PROCEDURE Userresponse( VAR menu:selection;

VAR menus:menuset; VAR key;string );
PROCEDURE Underline( row,col,1en:integer );
PROCEDURE Hline( row,col,len:integer; Imode;1inemode );
PROCEDURE Vline( row,col,len:integer; Imode:1inemode );
PROCEDURE Box( crow,ccol.width,height:integer );
PROCEDURE Specdisplay;
PROCEDURE Icdisplay;
PROCEDURE Sigdisplay;
PROCEDURE Checksig;
PROCEDURE Getsignal;
PROCEDURE Checks!g( VAR signal:string );
PROCEDURE Specaccept( VAR jsize: integer );

PROCEDURE Specline( k;integer; VAR key:string );
PROCEDURE Readlib;
PROCEDURE T74display;
PROCEDURE Writelib;
PROCEDURE Edit;
PROCEDURE Openfiles;
PROCEDURE Makesci( f:PACKED ARRAY[1..?]0F char; n:integer;

VAR s;sci_string );
PROCEDURE Closefiles;
PROCEDURE Maincases;

BEGIN (* Main program *)
VDT;
Openfiles;
Maincases;
Closefiles;

END; (* Main program *)

Main program and procedures of IMAP.Figure 3.1.
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(* FILENAME : SOURCE.CMAP *)Program CAMP;

(* External Procedures and function *)
KEY$FILE
INITSCREEN

CLEARSCREEN

FIND$SYN
ACCEPT

SET$ACNM
DISPLAY

STATIONID SVC$

(* Internal Procedures *)
PROCEDURE Charin( character:string2; VAR intnum:integer );

PROCEDURE Writeline( line:half_line );
PROCEDURE Clearword( VAR word:PACKED ARRAY[1..?]0F char );

PROCEDURE Inchar( intnum:integer; VAR character:string2 );

PROCEDURE Charreal( word:string; VAR realnum:real );
PROCEDURE VDT;
PROCEDURE Openfiles;
PROCEDURE Concatenate( first:string; second:char;

VAR ksort:string9 );
PROCEDURE Readnet( VAR sigcount:integer );
PROCEDURE Kswap( VAR a,b:string9 );
PROCEDURE Swap( VAR a,b:t_signal );
PROCEDURE Quicksort( lowerbound.upperbound );
PROCEDURE Bubblesort( lowerbound.upperbound );
PROCEDURE Writefiles;
PROCEDURE Material list;
PROCEDURE Closefiles;

BEGIN (* Main program *)
VDT;

Openfiles;
Readnet( sigcount );
Quicksort( 1,sigcount );
Writefiles;
Bubblesort( 1,sigcount );
Material1ist;
Closefiles;

END; (* Main program *)

Main program and procedures of CMAP.Figure 3.2.
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includes a command code specifying the operation to be performed.

The following paragraphs describe the use of KEY$FILE.

(1) Procedure KEY$FILE has a single entry point for all calls,

calls to KEY$FILE must have specify the following four •

(a) K_C0MMAND—specifies which operation is to be done,

(b) K_KEYNAME—indicates the value of the key to be processed, (c)

K_BUFNAME—provides the name of the buffer that will provide or

and (d) K_STS_BK—indicates the user control block.

(2) The type required and procedure format used to call

KEY$FILE are described in the following example:

All

parameters:

receive data

TYPE

T_K_STS_BK = PACKED RECORD
K_STS_C0DE : 0..255; (* return code *)
K_KEY_N0
K ACCESS

K"RESERVED ; 0..255; (* reserved *)
K REC0RD_L : integer; (* record size *)
K_PATHNAME : PACKED ARRARY[1..30] OF char

(* file name *)

to be accessed *); 0..255; (* key
: 0..255; (* file access flag *)

END;

PROCEDURE KEY$FILE( K_C0MMAND:integer;
UNIV K_KEYNAME:PACKED ARRAY[1..?] OF char;
UNIV K_BUFNAME:PACKED ARRARY[1..?] OF char;
VAR K STS BK :T K STS_BK ); EXTERNAL;

the ICThe key indexed files have been used to keep

the Library file and user input data file in thespecification in

IC-MAP areSome parameters of KIF's used inIC-MAP program.

described in the next section.

3.2 Data Structure

in the data structure areSome variables of key importance

contain a variety of informationrecords which canorganized as
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The three major records INPART, OUTPART, andabout those variables.

T_SIGNAL shown in Figure 3.3 are described as follows:

(1) INPART : This record is used to store an IC specification;

(a) NAME has the type number of the device (e.g.;

field is used as the key word to access the

74LS00). This

Library file which

updated IC specification using the key indexed file

structure (b) REFER may have 40 characters detailing the functional

QUAD 2-INPUT NAND GATES ). (c) AREA and

contains the

description of NAME (e.g.;

COST contain data corresponding to unit cost and area, respectively,

(d) TYPCUR, MAXCUR, TYPDEL, MAXDEL are the typical maximum current

dissipation and typical, maximum time delay in each gate or device,

(e) SIZE indicates the number of pins of NAME (e.g.:

14). (f) INOUT contains the input/output characteristic of a pin.

of INOUT must be one of followings: I for input, 0 for

respectively.

The value

output, C for open collector or tri-state, and N for

connection pin.

no internal

(2) OUTPART : The record of OUTPART stores some information

(a) CIRDES iswhich the user types in during the design process:

U05) which is used as the key word to

(b) PAGE is the page number of the

the circuit designator (e.g.;

access the output key file,

design, (c) NAME has the type number or name of the device. (d)

ARRAY[1..maxpin] containing all the signa namesSIGNAL ^ s

corresponding to the pins.

Once NAME containing the signal name is known,(3) TJIGNAL ;
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K_TERM = 2;
K_CLOSE = 4;
K_READ_BY_KEY = 9;
K REWRITE_REC = 20;
K_DELETE_BY_KEY = 24;
half = 40;

maxpin =24;
wordlen = 8;
str41en = 4;
strllen = 1;
ccol = 40;
constflen =20;

CONST K_INIT =1;
K OPEN = 3;

K_READ_BY_KEY_LOCKED = 10;
K INSERT_REC = 19;
K_REWRITE_REC_UN = 21;
nmax = 80;

minpin = 14;
blank

speccol = 13;
str21en = 2;
crow = 12;
fnamelen= 8;

- !

byte = 0..#FF;
btype = ARRAY[1..16] OF integer;
string =PACKED ARRAY[1..wordlen] OF char;
string4=PACKED ARRAY[1..str41en] OF char;
string2=PACKED ARRAY[1..str21en] OF char;
stringl=PACKED ARRAY[1..strllen] OF char;
halfline=PACKED ARRAY[1..half] OF char;
fname = PACKED ARRAY[1..fnamelen] OF char;
inpart = RECORD

TYPE

refer: halfline;

cost : string;
maxcur : string;
maxdel : string;

name : string;
area ; string;
typcur : string;
typdel : string;
size : string2;
pindes : ARRAY[1..maxpin] OF string4;

: ARRAY[1..maxpin] OF stringl;inout

END;

outpart = RECORD
page : stringl;cirdes : string4;

: string;

signal : ARRAY[1..maxpin] OF string
name

END;

t_signal = RECORD
inout :stringl;
ictype:string;
pinnum:string2;

name :string;
cirdes:string4;
size :string2;
page :stringl;

END;

Figure 3.3. Some data structures extracted from IC-MAP.
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ICTYPE hasthe other information may be accessed by this record.

the type number or name of the device.

3.3 Sorting Schemes

In order to generate a net list, pin assignment list, check

list and list of materials, the documentation-generation routine,

CMAP, must process information extracted from the data files which

were having all information of each signal must be stored by

appropiate fields of the record to find out the relation between

signals or to list pin assignments in order.

Sorting is one of the most important operations in data

processing. Generally speaking, the sorting problem is to arrange a

sequence of records so the values of their key fields form a

withnondecreasing sequence. That is, given record r

k,, k2,...,kr,, respectively, we must produce the same records in an

order r,, , r|2 ,..., rin, such that ki,< k]2,---Ain. Many sorting

algorithms have been developed with various execution times.

However, some of the principal internal sorting algorithms, called

f’n.r2,..1 > • >

bubble sort, quicksort and linked list sorting, are implemented and

will be discussed. Then more efficient sorting algorithms which can

be implemented with VLSI circuit are introduced. These fast sorting

algorithms could be used to improve the performance of CMAP.

The simplest sorting methods is bubble sort, which has an O(n^)

running time, in both the worst case and average case [7-8].

basic idea behind bubble sort is that the records to be sorted are

The
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kept in an array held vertically. Making repeated passes over the

from bottom to top, two adjacent elements are reversed if they

are out of order. The bubble sort algorithm is described below, and

the example used in CMAP in Figure 3.4.

PROCEDURE Swap( VAR x,y: recordtype );
(* Swap exchanges the records of x and y *)

VAR temp : recordtype;
BEGIN

temp;=x;

END (* Swap *)

PROCEDURE Bubblesort( VAR A:ARRAY[m..n] of recordtype );

(* Bubblesort sorts an array into nondecreasing order
on key *)

VAR i,j : integer;
BEGIN

FOR i:=m TO n-1 DO

FOR j:=n OOWNTO i+1 DO

A[j-l].k>A[j].k THEN Swap(A[j],A[j-l]);
END; (* Bubblesort *)

Another sorting scheme with a very good average behavior

developed by C. A. R. Hoare is the quicksort scheme [7]. The

quicksort with an average running time of 0(n log n) sorts an array

A[l]. A[2], ..., A[n] by picking some key value k in an array as a

pivot element around which to rearrange the elements in the array.

Hopefully, the pivot is near the median key value in the array, so

it is preceded by about half the keys and following by half. We

permute the elements in the array so that for some j, all the

records with keys less than k appear in A[l], ...., A[j], and all

those with keys k or greater appear in A[j+1], ...., A[n]. Since

all keys in the first group precede all keys in the second group,

the entire array will thus be sorted. The quicksort algorithm can

array

y:=temp;x:=y;

27



PROCEDURE Swap( VAR x,y;t_signal );
(* Exchange the two records of x, y *)

VAR temp:t_signal;
BEGIN

tenip:=x; y:=temp;x:=y;

END

PROCEDURE Bubblesort( lowerbound,upperbound:integer );
(* Bubble sort sorts array netsignal by name and inout

in order of N,C,0,I *)

VAR i,j : integer;
BEGIN (* Bubblesort *)

FOR iilowerbound TO upperbound-1 DO
BEGIN

FOR j:=upperbound DOWNTO i+1 DO
BEGIN

WITH netsignal[j] DO
BEGIN

(* First key comparison *)
IF name<netsignal[j-1].name THEN

Swap( netsignal[j].netsignal[j-1] );
(* Second key comparison *)
IF name=netsignal[j-1].name THEN
BEGIN

IF inout[l]='0' AND netsignal[j-1].inout[l]='I'
THEN Swap(netsignal[j].netsignal[j-1]);

IF inout[l]='C' AND (netsignal[j-1].inout[l]='I
OR netsignal[j-1].inout[l]='0')

THEN Swap(netsignal[j].netsignal[j-1]);
IF inout[l]='N' AND netsignal[j-1].inout[l]<>'N

THEN Swap(netsignal[j].netsignal[j-1]);

END; (* WITH *)
END; (* j *)

END; (* upperbound i *)

END; (* Procedure Bubblesort *)

END;

Bubble sort with two keys in CMAP!Figure 3.4.
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be described as follows, and the example used in CMAP is shown in

Figure 3.5.

PROCEDURE Quicksort( A:ARRAY[m..n] of recordtype );
(* Quicksort sorts array A into nondecreasing order

on key k *)
VAR i,j : integer;

BEGIN

IF m<n THEN

BEGIN

pivotkey ; keytype;

pivotkey:=A[i].k;j:=n+l;1 ;=m;

WHILE i<j DO
BEGIN

REPEAT i:=i+l UNTIL A[i].k>=pivotkey;
REPEAT j:=j+l UNTIL A[j].k>=pivotkey;
if i<j THEN Swap( A[i],A[j] );

END;
Swap( A[m],A[j] );
Quicksort^ m,j-l );
Quicksort( j+l,n );
END;

END;

The quicksort algorithm and the examples described previously

have assumed that the pivot key is the very first element of each

subfile while sorting. The quicksort in Figure 3.5 sorts by two

keys, NETSIGNAL[n].NAME and INOUT. These keys are concatenated to

The order of INOUT is N/C/O/I, because the orderform the sort key.

is used to find out the relation between signals.

There is another "speed up" to quicksort that is actually a

trade of space for time. If space is available we can create array

pointers to the records in array A, then make the comparisons

between the keys of records pointed to. But instead of moving the

records we move the pointers to records in the same way quicksort

At the end, the pointers, read in

1eft-to-right order, point to the records in the desired order [9].

moves the records themselves.
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PROCEDURE Concatenate( first:string; second:char;
VAR ksort:string9 );

VAR i : integer;
BEGIN

FOR i:=l TO 8 DO ksort[i]:=first;
CASE second OF

ksort[9]:='A
ksort[9;
ksort[9]:='C
ksort[9]:='D

N

BC

0
II

I

END;
END;

PROCEDURE Kswap( VAR a,b:PACKED ARRAY[1..9] OF char;
VAR c:PACKED ARRAY[1..9] OF char;

a:=b; END;b:=c;BEGIN

PROCEDURE Swap( VAR a,b:t_signal );
VAR c:t_signal;
BEGIN

c:=a;

END;a:=b; b: =c;c:=a;

PROCEDURE Quicksort( lowerbound.upperbound:integer );

VAR i,j:integer; key:PACKED ARRAY[1..9] OF char;
BEGIN (* Quicksort *)

IF lowerbound < upperbound THEN
BEGIN

i:=1owerbound

key:=sortkey[lowerbound];
WHILE i<j DO

BEGIN

REPEAT i:=i+l UNTIL sortkey[i]>=key;
REPEAT j:=j-l UNTIL sortkey[j]<=key;
IF i<j THEN

j:=upperbound+l

THEN

BEGIN

Swap( netsignal[i] .netsignal[j] );
Kswap( sortkey[i],sortkey[j] );

END;
END;

Swap( netsignal[lowerbound,netsignal[j] );
Kswap( sortkey[lowerbound],sortkey[j] );
Quicksort( lowerbound,j-1 );
Quicksort( j+1,upperbound );

END

END; (* Quicksort *)

Quicksort implementation in CMAP.Figure 3.5.
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The sorting scheme using the linked list structure is implemented as

an example (Figure 3.6).

These sorting schemes mentioned above could be implemented in

VLSI technique for the fast sorting. With the same idea of the

linked list sorting scheme a new sorting scheme called Parallel

Enumeration Sort for VLSI was proposed recently [10]. In this

scheme, we make only n exchanges of records, instead of 0(n log n)

exchanges, which makes a substantial difference if the records are

large. Another sorting algorithm, called Pipe-lined Sinking Sort

algorithm, proposed by Perez [11] has almost the same performance as

the Parallel Enumeration Sorting scheme. The Sinking Sort

algorithm, however, will require less communication between cells in

VLSI implementation.

3.4 Procedures in IC-MAP

In this section, all procedures and functions in IC-MAP are

briefly described including some built-in external procedures and

functions in TIP.

3.4.1 External Procedures [6]

(1) SET$ACNM specifies the actual access name for a file.

(2) FIND$SYN obtains the value of an system command interpreter

(SCI) synonym. In order to call the procedure, place the maximum

length of the value string (as limited by the size of the array into

which it is placed) into element 0 of the value of string.
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)(* Ponter type sort

(* TYPE declaration *)
t_signal = RECORD

name inout : stringl;
ictype: string;
pinnum; stringZ;

: string;
cirdes: string4;

: stringZ;
; stringl;

SI ze

page

END;

t_Sigpointer = (3t_signode;
t_signode = RECORD

siginfo:t_signal; link:t_sigpointer;
END;

(* VAR declaration *)
copy,head : t_sigpointer;

PROCEDURE Insertnode( netsignal:t_signal;
VAR q:t_sigpointer; r:t_sigpointer);

BEGIN

NEW(qP.link);
WITH qP.linkP DO
BEGIN

siginfo:=netsignal;
END; (* WITH *)

1ink:=r

END;

PROCEDURE Listinsert( VAR 1isthead:t_sigpointer;
netsignal:t_signa1 );

VAR last,next:t_sigpointer;
BEGIN

next:=listhead; (* update last and next pointer *)
WHILE netsignal.name>=next0.siginfo.name AND

nextP.1ink<>ni1 DO

BEGIN

next:=nextP. 1 ink;last:=next;

END; (* WHILE *)
(* Insert new netsignal data in the list *)

IF netsignal.name>=next(9. siginfo.name
THEN (* Attach to the end of the list after next node *)

Insertnode( netsignal,next,nil )
ELSE

IF netsignal . name<next(9. sigi nfo. name
THEN Insertnode( netsignal,last,next );

END;

Sorting scheme using the linked list.Figure 3.6.
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PROCEDURE Read_sort( VAR listhead:t_sigpointer );
VAR i,pincount,index : integer;

netsignal;t_signal; outicpart:outpart; inicpart:inpart;
istring:string2;firstiboolean;

BEGIN

OUTICPART.CIRDES:=‘0000';

KEY$FILE(k_read_by_key,outicpart.cirdes,outicpart,ok_sbk );

WHILE ok_sbk.k_scode=0 THEN
BEGIN

KEY$FILE(k_read_by_key,outicpart.name,inicpart,k_sbk);
Charin( inicpart.size.pincount );
IF first THEN

BEGIN

first:=false;

WIJH listheadP.siginfo.listheadP DO
BEGIN

FOR index:=l TO wordlen DO name[index]:='
cirdes:=outicpart.cirdes;
ictype :=outicpart.name;
page :=outicpart.page;

FIRST;=TRUE;

NEW(listhead);

inout[l]:=' ';
pinnum;=istring;
size;inicpart.size;
1ink:=ni1;

END;
END; (* IF THEN *)

FOR i:=l TO pincount DO
BEGIN

Inchar(i,istring);
WITH netsignal DO
BEGIN

name:=outicpart.signal[i]; inout:=inicpart.inout[i];
cirdes:=outicpart.cirdes;
size:=inicpart.size;

page:=outicpart.page;

ictype:=outicpart.name;
pinnum;=istring;

END;
Listinsert( 1isthead,netsignal );

END; (* FOR pincount *)
END; (* IF *)
END; (* WHILE *)

END; (* Read_sort *)

*)Main program section(*
copy:=head(3.1 ink;Read_sort(head);

WHILE copyonil DO
BEGIN

WITH copy?.siginfo DO
BEGIN

Writeln(nfile,name); copy:=copy0.1 ink

END;
END; (* End of list *)

( Continued )Figure 3.6.
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(3) INITSCREEN initializes the data structure needed to perform

I/O to the video display terminal (VDT Model 911).

precede any other VDT I/O procedures.

(4) CLEARSCREEN clears the screen of the VDT.

(5) DISPLAY displays a given string on the terminal

The resolution is 24(rows)x80(columns).

(6) ACCEPT reads in a string value from the VDT at the

specified location.

(7) Function STATIONID obtains the station-identifier of the

station associated with the task.

This call must

at the

specified location.

3.4.2 Internal Procedures

(1) Function CHARIN changes a string type variable into the

value of integer.

(2) CLEARWORD clears a specified length of word.

(3) REALNUMCHECK checks if an accepted word is a real number.

(4) INCHAR changes an integer number into the string type

number.

(5) MAINMENU displays the set of MAIN menu selections on the

terminal.

(6) FUNCTIONALMENU displays the set of the TTL menu.

(7) LIBRARYMENU displays the set of selections used in Library

mode.

(8) EDITMENU displays the set of menu used in User mode.

(9) USERRESPONSE prompts the user to select a menu and accepts
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the response.

(10) UNDERLINE draws a line on the terminal.

(11) HLINE draws a horizontal line by using a graphic character

on the VDT.

(12) VLINE draws a vertical line by using a graphic character

on the VDT.

(13) BOX outlines a rectangle used for drawing the template of

an IC chip.

(14) SPECDISPLAY displays the specification of a given IC chip.

(15) ICDISPLAY displays an IC chip with the pin numbers and

names.

(16) SIGDISPLAY displays the signal names of a specified IC

designator.

(17) GETSIGNAL accepts the net names from the terminal.

(18) SPECACCEPT accepts the specification of an IC chip from

the terminal.

(19) T74DISPLAY displays the specification, pin names and

number of a given chip.

(20) READLIB reads the Library file and shows if the given

device exists.

(21) WRITELIB writes the Library file with the data entered by

user.

(22) EDIT handles all functions in the User mode.

(23) OPENFILES opens all files used in the program.

(24) CLOSEFILES closes all files used in the program.
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string to fit the structure of(25) MAKESCI makes a given

sci_string.

(26) MAINCASES orients the program according to the user's

request.

(27) README! reads the two key files, the Library file and the

input key indexed file, then makes the records of NETSIGNAL.

(28) SWAP and KSWAP exchanges the. content of two records and

keys, respectively.

(29) QUICKSORT sorts the records of NETSIGNAL[n] by two keys,

NETSIGNAL[n].NAME and NETSIGNAL[n].INOUT, with the well-known

quicksort algorithm.

(30) BUBBLESORT sorts the records of NETSIGNAL[n] by two keys,

ICTYPE and CIRDES, with the simple bubble sort scheme.

(31) WRITEFILES writes some output files.

(32) MATERIALLIST writes the list of materials.

(33) CHECKSIG surpresses blank characters in a signal name.

user's

36



4. RECOGNITION OF A HAND-DRAWN SCHEMATIC DIAGRAM

4.1 General

IC design methodolgy ranges from totally manual to fully

automated procedures. Computer aids for design have been developed

on the basis of these two extremes. The overall scope of the design

process is from the problem specification to the final realization,

as shown in Figure 4.1. A totally automated design may be achieved

by developing a set of tools to transform a problem specification

into a circuit structure. Automation of the transformation from the

description to the circuit structure is still a researchbehavioral

topic [13-14].

Computerized methods to recognize hand-drawn logic circuit

diagrams have been developed in conjunction with the improvement of

computer technology. CAD systems may be classified as Type 1 or

Type 2, depending on their input devices (Figure 4.1). A Type 1

system features a graphic interface and, by means of pattern

recognition techniques, feeds the schematics to the system, thus

minimizing man-machine interaction. Although such an effective

recognition system has not been developed yet, there is active

research in this area [15-17]. A Type 2 system is the most common

system in use today. It uses a digitizer or a light-pen to feed

data into CAD system. Therefore designers must digitize the points,

one by one, on a hand-drawn diagram according to a menu composed of

a list of strings and/or graphical symbols. Figure 4.2 outlines the

37



Probl etn

Sped fi cation

Behavioral

(Functional)
Description

1
Circuit

Structure

■ Hand-Drawn

Diagram

T Y PE 2TYPE 1

Digitizer
with menu

Camera

Pattern

Recognition

Machine-drawn

Diagram

Extracted Data

Accessing

Circuit

Analysis
Logic

Simulation

Auto

Layout

Final

Realization

Design process of a circuit.Figure 4.1.
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Figure 4.2. Recognition Procedures
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recognition system presented here. A more detailed description is

given in following sections.

In order to simplify the computer recognition steps, the

following restrictions were made:

(1) size of an input diagram is A1 paper size (8"l/2 x 11");

(2) logic symbols to be recognized are limited as shown in

Figure 4.3;

(3) lines and symbols should be clearly drawn in a black pen or

pencil so that all the pixels on logic symbols can be connected;

(4) the illumination on the input diagram is uniform enough to

segment line figures from the background by one threshold intensity

value.

4.2 Preprocessing

The preprocessing of a hand-drawn schematic diagram consists of

Quantization is thetwo stages, quantization and thresholding.

digitizing of an input image into a gray level pixel matrix or

The input diagram shown in Figure 4.4 is digitizeddigital image,

into eight bit per pixel so the range of the gray level is from 0 to

255 with a resolution of 512x512 pixels. Various algorithms have

been proposed to extract line figures from multi-gray level pictures

[15], [18-19]. If the lines in the input image are drawn with a

reasonably uniform brightness against a background of varying bright

ness, a threshold gray level value T may be chosen easily and then

used to segment the lines from the background. The decision rule
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Logic symbols to be recognized.Figure 4.3.
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Figure 4.4 A hand-drawn schematic diagram.



1 , if f(x,y) > T
g(x,y) =

0 , otherwise

applied to each point of f(x,y) would produce a simpler binary

Generally speaking, however, determining an optimum graypicture,

level threshold T to segment objects (lines in this case) from a

background which has noise as a result of flaws in drawing or in the

nonuniformity of illumination is one of the most difficult tasks in

the field of image processing.

Many problems associated with thresholding have been studied

[20], and some of them have solved by using a priori information and

local varying thresholds [21-22]. However, heuristic techniques are

often used in practice [23]. A gray level threshold T in Figure 4.4

can be chosen trial and error, assuming that the image f(x,y) has

reasonably uniform brightness in the background so that the pixels

in the gate symols are 8-connected after thresholding. Some

connectivities, including 8-connectivity, are described in the

following subsections. The output binary image g(x,y) after

thresholding is shown in Figure 4.5.

4.3 Filtering

The procedure of filtering the image consists of two steps:

thinning and trimming. It is expected that the binary image g(x,y),

extracted after thresholding, has all the line figures connected.

with the exception of minimal noise or short branches. Noise and

short branches are removed by the thinning and trimming operations.
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The output binary image after thresholding.Figure 4.5.
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In order to introduce these operations, some local properties of the

digital picture are discussed first.

4.3.1 Local Properties ^ Digital Picture

In the digitized picture, the plane is divided into squared

rasters) which represent a level ofgrids (called pixels or

Let us consider an arbitary pixel P at coordinates (x,y)intensity.

surrounded by eight neighbors (pixels) as shown in Figure 4.6.

four horizontal and vertical neighbors of the pixel P(x,y) are

The

The distance betweencalled the 4-neighbors of P, denoted by N4(P).

neighboring pixels will be taken as an

diagonal neighbors

defined above, are called the 8-neighbors of P and denoted as Na(P).

unit length. The four

of P, denoted by Nd(P), together with the N4(P)

allowed toLet V be the set of values of the pixels which are

be connected, and V be the complement set of V. For example, if

connectivity of only those pixels with an intensity value of 20 is

is{20). For a binary picture, if V is{l}, then V

simply V [l)

desired, then V

must be(0}.

and V (o) , respectively.

They may be denoted as \/=fl}and \/=(o}, or

Two pixels P and Q with intensity values

from V are connected if there exists a sequence of neighbors between

P and Q such that the values of them are from V. We consider four

types of connectivity;

(1) 4-connectivity.

4-connected if Q is in the set N4(P).

Two pixels P and Q with values from V are

Two pixels P and Q with values from V are(2) 8-connectivity.
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p(x+1,y-l)P(x,y-1)P(x-l.y-l)

P(x+1,y)P(x-l,y) P(x,y)

P(x+1,y+l)P(x-l,y+l) P(x,y+1)

= {P(x-l,y), P(x+l,y), P(x,y-1), P(x,y+1)

= ( P(x-1 ,y-1),P(x+l ,y-1), P(x-1,y+1), P(x+l,y+l) )

= ^4 ^

^4

d

N
8

Neighborhood of a pixel P(x,y).Figure 4.6.
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8-connected if Q is in the set NsCP).

(3) m-connectivity (mixed connectivity). Two pixels P and Q

from V are m-connected if (i) Q is in NsCP), and (ii)with values

the value of Q is not equal to the value of any of the pixels in the

of the sets N 4(P) and NsCP). (This is the set ofintersection

pixels that are 4-neighbors of both P and Q and whose values are

If this set is empty, Condition (ii) is automaticallyfrom V).

satisfied [24].

(4) u-connectivity (unique connectivity),

from V are u-connected if (i) Q is in NsCP), (ii)

Two pixels P and Q

with values

the values of the two pixels in the intersection of Ns(P) and N4 (Q)

are from V.

An example shown in Figure 4.7 illustrates all types of

connectivity.

In the case of 8-connectivity, a pixel P with value from V is

called an interior pixel if the value of any pixels in N4(P) are

from V, and it is called an isolated pixel if all values of pixels

in Ns(P) are from V.

The set of pixels from V is called a connected component when

A connected component from V surrounded by athey are connected,

connected component from V is called a hole. A connected component

with no holes is said to be simply connected; otherwise it is said

to be multiple connected.

The connectivity number (Nc) of a pixel P in a binary picture

is.defined as follows [25]:
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"2

Pq

^*3

(a) An example pixel arrangement (Pg-P3 a'f'e V).

Connectivity
8-4- m- u-

Between P„ &
0

Pi yes noyesyes

P2
nono yes no

P3 yesyes yesno

(b) Connectivities of the pixel arrangement above.

Several types of connectivity.Figure 4.7.
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For the 4-connectivity case,

Nc4(Po) = Z ( Pk-PkPk+iPkf2 ),

Pke N4(Po)

for the 8-connectivity case,

Nc8(Po) = .Y ( Pk-PkPk+iPk+2 )

Pk€N8(Po)

Here Pk means 1-Pk and the value of subscript k greater than eight

is assumed to be k-8, and the eight neighboring pixels of P 0 )

NeCPo), are labeled as follows

Pi P3 P2

with Pi =1 if black.P5 Po P.,

0 if whiteP6 P7 Pa

i = [0,...,8].

A pixel from a connected component are denoted by P{l)or simply

P, and a pixel from V denoted by Pi{0}is the pixel in the background

(white). If the values of the set V are not specified, we consider

it to be{l}, denoted by Therefore an arbitrary black pixel P

from V may be denoted by P, P{1}, or Po{l}. This notation is kept

through the subsequent sections.

The connectivity number, denoted by Nca (P) or simply Nc(P),

shows the relationship between a pixel P and its 8-neighbors. A

pixel P is reasonably classified by the value of Nc of P as follows:
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Nc(P) = 0, interior or isolated pixel

1, edge pixel

2, connecting pixel

3, branching pixel

4, crossing pixel.

A pixel P of edge pixels (Nc(P)=l) is defined to be an end

pixel if 1N8(P)=1. The pixel P is a junction pixel if Nc is equal

to 3 or 4; that is, if there are three or four pixels from V in

NsCP). A pixel is deleteable if a change of value from P{l}into PlO)

preserves the connectivity of the picture [27].

SNsCP) does not correspond to Nc(P). The connectivity number of a

pixel P is coincident with SNe(P), if and only if P is u-connected

with its NsCP).

In the next subsection the connectivity number is used to

classified a pixel.

It is noted that

4.3.2 The Shrinking and Thinning Algorithms

In this section the shrinking algorithm and its properties are

Then the shrinking algorithm is modified to thepresented [25].

thinning algorithm for extracting u-connected line figures in a

binary picture.

4.3.2.1 Shrinking Algorithm. A picture is raster-scanned and

then pixel P is changed into P{0} if Nc(P)=l. Then repeat this

procedure until no deleteable pixel is found in the picture.

The resulting picture is called the shrunk skeleton. The

50



shrunk skeleton of any simply connected component is an isolated

pixel, and the one of a multiple connected component is a shrunk

connected component with the same number of hole. The
multiple

shrunk skeleton of the connected component having one hole contains

only connecting pixels ( SN8(P)=Nc(P)=2 ).

guaranteed by the following theorems.

Even if any P at which Nc(P)=l is removed (changed

to P(0}), the connectivity of a picture is kept unchanged [25].

Theorem 2. Any simply connected component which consists of

two or more P's contains at least two deletable pixels [27].

Theorem 3. If a connected component has N+1 holes, then its

shrunk skeleton contains at most 2N P's having Nc>2 [27].

These theorems were proved in the literature [25-28].

These properties are

Theorem 1.

4.3.2.2 Thinning Algorithm. While scanning a picture delete

the pixel P if Nc(P)=l and iNsCP)?^!• Repeat this procedure until no

deleteable pixel is found in the picture.

The condition SN^P)^1 in the thinning algorithm guarantees no

deletion of line figures in the picture. Theorem 3 in the shrinking

algorithm shows that a shrunk picture is one pixel wide and

u-connected almost everywhere.

4.3.3 Filtering

the literature [29-30]Most thinning algorithms discussed in

rely on what is called the steady erosion of objects. This means

fashion,that thick connected components are thinned in a recursive
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maintaining the connectivity of the shape. Since these thinning

algorithms put special emphasis on connectivity, they produce

topologically incorrect skeletons with extra tails (Figure 4.8a-b),

and lead to a "necking" effect at cross-overs (Figure 4.8c-d) [29].

The thinning operation presented above is one of these operations.

The second stage of filtering is the trimming operation,

trimming operation deletes branches whose length is less than a

certain length, and it also deletes isolated pixels to make the

The

During the thinning and trimming operations.picture u-connected.

the coordinates of the end pixels and junction pixels are saved.

Furthermore, if there exists more than one junction pixel within a

given length of radius (20 units used), those pixels are considered

as a possible logical negate symbol or a line cross-over (necking

effect), and saved in separate data files.

The next step, described in the following section, is feature

extraction—the most important step to recognize lines and gate

symbols.

4.4 Feature Extraction and Classification

In order to recognize and classify an object or pattern, it is

reasonable to consider the problems of what discriminatory features

to select and how to extract these features. The lines, slope or

shape of the lines, and .the relation between them are selected as

the discriminatory features for schematic diagrams.

In the next section the membership function is introduced
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(a) Before thinning operation.

(b) After thinning operation (extra tails).

Some details of the binary image.Figure 4.8.
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(c) Before thinning operation.

(d) After thinning operation (necking effect).

Figure 4.8. (Continued)
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then applied to feature classification.first

4.4.1 Membership Functions

Membership functions [33] are used here for interpretation and

description of a schematic diagram. A line is defined as a simply

and u-connected component. The line x connected from PI to Pn has

and "oblique,

The grades of

IIII

grade of "vertical," "horizontal.each membership

denoted by Mv(x), Mh(x), and Mob(x), respectively,

these membership can be computed as follows;

N-k1

2 f^v(Pi)Mv(x) =
N-k i=l

1 N-k

1 Mh(Pi)Mh(x) =
N-k i=l

N-k1

2 f^ob(Pi)Mob(x) =
N-k i=l

where

Fe

1
> 11- , m

Mv(Pi) = m;
I

otherwise0

Fe

< 11- m -^ m;
i

'^h(Pi) =
otherwise0

Fe

-45

0 < < “>1- m-,
I

^ob(Pi) = 45

otherwise.0

Here mi.(=tan0) is the gradient of a line x connecting between Pi and
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Pi+k, and Pi+k indicates kth pixel apart from Pi as shown in Figure

4.9a. ^v(Pi), ^h(Pi), and Mob(Pi) represent the membership function

for vertical, horizontal, and oblique, respectively. The membership

function having positive value in the interval [0,1] denotes the

degree to which a line x may be a member of or belong to a group

such that

90°e/^v(Pi) 1

''h(pi)

PobCPi)

as

0"e1 as

45'1 das

and

^ 45'^v(Pi) ^ '^h(Pi)

The positive constant Fe (0.5 used) controls the shape of the

membership function (Figure 4.9b).

Similarly the grade of membership of a line segment x to be an

as 6

may be expressed by the function
II II
arc

a Fe

^arc(x) = ( 1 )
1

where a is the length of the line joining the two extreme points of

X as shown in Figure 4.9c and 1 is the arc length such that

the lower the ratio (a/1), the higher the degree of

essence it provides a quantative measure of curvature of an arc.

an example, the membership grades of a line segment

as illustrated in Figure 4.10.

In the next subsection membership functions previously

an arc

II
InII

arcness.

As

are calculated
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V

Pi+k

X

d

TT^

(a) Line.

(1 ,1)

^ Fe=l.O

Fe=0.5 Fe=2.0

■>

(0,0) m.
I

.,(p)(b) Graph of membership function

I

41*

X
Ny

\
/

\/

/
\

/

a

(c) Arc

Membership functions.Figure 4.9.
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P4

^6 ^7P5^2 P3

P
8

(a) A line (P, - Pn are from V).
1 8

My Mh Mob ^arc

0.4290.50.0 0.142k=l

0.211 0.142k=2 0.0 0.646

(b) Membership grades of the line above with two
different k's. (N=8, Fe=0.5)

Figure 4.10. An example of membership grades.

58



implemented and applied to the extraction of

primitives in a schematic diagram in order to interpret that image.

described have been

4.4-.2 Separation of Lines and Symbol s

To extract information from the binary image and identity

gate symbols must first be isolated from the connected

tne

gate type,

1 ines.

coordinates ofAfter obtaining the u-connected binary image,

the end pixels (Nc =1) and the junction pixels (Nc >2) subsequent

symbols aresteps for separating the straight lines from the logic

as follows;

(1) Follow the border at an end pixel P(lN8(P)=l or Nc(P)-l).

(2) Then delete that border if the border-following terminates

Store the coordinates of the twoa junction pixel Q (Nc(Q)>2).at

Q into proper data files after finding the shape of the

These lines

pixel P

II,—n 11
L".

II

This shape can be one ofline.

However, they arecould be classified by the membership functions,

the relation between two pixels P and Q due todone by inspecting

their simplicity.

Note that this step which removes input/output lines

a gate can be done during the trimming operation simultaneously

(Figure 4.11a).

(3) Follow the border from a junction pixel,

line if it is horizontally

Additionally, when following a segment of a

connected

to

then delete the

connected to another junction pixel.

consideredborder a S
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(b)

Separation of gates from lines.Figure 4.11.
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if the acceptable range of the membership grade (0.8horizontal,

used) is exceeded, stop deleting pixels and save that point the data

This step remove horizontal linebase of the junction pixel,

segments of a line connecting between two gates.

(4) Repeat the same steps above for every end and junction

pixel.

alldata such asFrom the steps previously described,

input/output lines of gates have been saved, and deleted since they

Therefore gate symbols are separated fromwere connected to gates.

the lines (Figure 4.11b).

4.4.3 Classification ^ Symbols

Since all symbols of gates are separated from the attached

the coordinates of a symbol can be obtained in the following1ines.

manner;

P at which Nc(P)=2(1) Follow border from a junction pixel

since the attached line was deleted.

(2.a) Terminate the border-following

returned to P.

(2.b) Terminate the border-following

(Nc(P)>2) is encountered and then examine

certain number of pixels on the previous path and the next path.

Then choose the closest one to the previous direction.

at Nc(P)=l or if it

if a junction pixel

each direction of a

(3) If the border-following returns to P, save the coordinates

If the border-followingwith a gate symbol found.of the pixels
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terminates at Nc(P)=l, save the two coordinates of P and the last

pixel as a line segment.

(4) Repeat these steps until the entire data set of the

junction pixels is used.

Once all the coordiantes of each gate symbol in the picture are

parameters for each symbol are to beobtained, the following

estimated (Figure 4.12):

(1) Three corner points:

(2) Center of gravity: C(center x, center y)

center x = ( max x + min x ) / 2

P(x,y), Q(x,y), R(x,y)

center y = ( max y + min y ) / 2

(3) Size of symbol:

width = max x - min y

with, height

height = max y - min y

(4) The arcness of PQ, and the average arcness of PR, QR,

where max x, max y are the maximum value of x, y and min x.

If some clustered pixels (Nc(P)>2)

mi n y

the minimum value of x, y.are

the pixel R, those pixels must be on the negate symbol of

be calculated with the

The method, called

used to measure distance [24]. The

exist near

The membership of grade cana gate,

membership functions defined in Section 4.3.1.

the Euclidean distance, is

distance between two pixels P(xi ,yi). Q(x2,y2), denoted by De(P,Q),

is defined as

2 0.5

De(P,Q) = ( (x,-X2) + (yi-y2) ) •

The symbols are classified with the arcness of PQ, PR and QR.

2
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(0,0) X

y
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I
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TV
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I
r

•R

CHeight

1

I
t

Q'

max yV
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I

I

I

I

Width

I

max Xmm X

P : Left-top-corner point.

Q : Left-down-corner point.

R : Right-most-corner point.

C ; Gravity center point.

Parameters in a symbol.Figure 4.12.
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If the arcness of the border connecting two points is greater than

the predetermined threshold which can be obtained with a set of

training samples, the border is classified as an arc.

the three sets of arcness of the corner points on

the type of the symbol is determined as illustrated in Figure 4.13.

Once the parameters described above are obtained,

of the schematic diagram is no longer a problem,

of the schematic diagram is shown in Figure 4.14.

Depending on

a logic symbol.

the drawing

The final output
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Logic
Negate
Symbol

Classified

Symbol
>^arc(PR)»/^rc(QF^ PQj^arc

2

XX X

XX

AmbiguousXX

X

XX

X

AmbiguousX

(1) Fe = 0.5

(2) Threshold of arcness = 0.4

"X" indicates existence of an arc or a

logic negate symbol.

(3)

Classification of symbols.Figure 4.13.
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The final output of the schematic diagram.Figure 4.14.
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5. CONCLUDING REMARKS

The program IC-MAP was implemented on a TI-990 computer system,

input data from the hardware (wiring) diagram or

Since the VDT (Model 911)

IMAP accepts the

the completely labeled schematic diagram,

used as a display unit is not a graphic display terminal, the visual

Thischip at a time.area on the screen (24x80) is at most one

restriction causes the most significant limitation of the visual aid

Furthermore the awkward shape of thein developing and using IMAP.

IC template generated by IMAP is unavoidable. It is very tedious to

information in theprepare the wiring diagram and type in all the

But once input data is entered, the editing is fairly easydiagram,

and convenient. The documents generated by CMAP may compensate for

Although there are many limitations in

IC-MAP, the groundwork of a CAD system has been established,

added to IC-MAP on the TI-990 computer

the laborous tasks in IMAP.

If the

following features are

system, a powerful aid will be available to designers:

(1) Availability of graphic display terminal and plotter.

(2) More convenient input device such as a cursor or joystick.

(3) Direct input from the schematic and automatic chip (device)

assignment.

(4) Acceptability of general components (e.g.;

transistors, capacitors).

(5) Timing anaysis of the signals.

Since the IC-MAP is programed in Pascal, the program is

resistors,

more
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Therefore, the program can be easily be runportable and readable.

on an other computer with minor modifications.

In addition to IC-MAP, for more efficient VLSI circuit design

CAD system, an automatic computer recognition system has been

Based on u-connectivity.

usi ng

studied for hand-drawn schematic diagram,

thinning and trimming operations have been developed,

classifier of some symbols in a schematic is

The automatic

implemented with

membership functions.

In order to put this system into practical use, many problems

still need to be solved;

(1) Recognition of hand-drawn characters.

(2) Minimization of quantization error

i11umination.

(3) Selection of optimum threshold value.

(4) Development of an efficient parallel thinning algorithm and

its hardware implementation.

(5) Development of algorithm extracting and linking primitives

in noisy picture.

(6) More flexible writing and drawing

schematic diagrams.

As far as the character recognition

restrictions or writing rules, such as (i) use of block letters only

and/or (ii) specified size of letters, will be given for the present

Also, if textual information is to be processed, enough

the classification of letters is needed.

and nonlinearity in

rules, size of input

problem is concerned.

time.

Theresolution for
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and irregularity of illumination which havequantization error

significant effects can be minimized with a better input device

and/or software development,

tion are not expected to be perfect, a method to extract the binary

from the multi-gray level picture must be

studied. Extracting the binary picture can be done

by using a wave propagation method [18,19].

Since the quantization and illumina-

coded line figures

by threshoding

To make the fast
or

recognizer, a parallel thinning algorithm and its hardware implemen-

Since the binary coded line figures cantation are a must [31,33].

have noise and can be disconnected, an algorithm should be developed

and to link the disconnected lines [34]. The
to eliminate noise

recognition system must have as

drawing as possible,

the system must be large enough to use in circuit design,

since the size of the input picture is usually limited to the memory

few limitations on writing and

The size of the input diagram recognizable by

However,

problem can be solved by thecapacity used in the system, this

"divide and synthesize method" [16].
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USER'S GUIDE FOR KPATH

1. GENERAL

to draw logic circuitA program called KPATH is written

diagrams on a terminal or a plotter,

be run any Tektronix graphic display terminal connected to

computer which has an Interactive Graphics Library (IGL version 2.0)

This interactive program can

a host

the other systems, theIn order to operate KPATH onpackage,

program has to be slightly modified,

by a Tektronix 4662

satisfactory, but they will be drawings of draftsman-like quality if

Experimental outputs printed

Digital Plotter are notInteractive

CalComp Electromechanicalplotted on a better plotter such as

Plotter with various color pens.

schematic circuitFortran program KPATH is aimed at drawing a

a possibility of the development of thediagram and considering

low-cost and user-oriented CAD system. Figure A.l shows the

between devices needed to operate KPATH program,

terminals available.

interconnections

TheFirst user selects one of the graphics

keyboard, ora thumbwheel cursor, or cursor on

digitizer (mouse) as an input device to draw the symbols displayed

Once drawn on the terminal, the schematic diagrams

user can use

on the terminal.

the datastored in files can be redrawn by an attached plotter, or

be transferred to the other better quality plotter to getfiles can

show how to useThe next sections willthe finished schematics.

KPATH, and also the global structure of it.
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2. STRUCTURE OF KPATH

2.1 Display and Input Devices

To run the program device-independent, first the user selects

one of terminals (Tektronix 4010, 4014, 4025, 4027) available. Some

parameters are set in different ways depending on the terminal used.

4010's and 4014's are usually attached with a

or thumbwheel

Since Tektronix

digitizing tablet, a chance to choose either mouse

cursor as input device will be given to the user.

2.2 Primary Selection

Once the input and the display unit are fixed, every drawing

The functions of the primarystep is advanced interactively,

selection shown in Figure A.2 are as follows:

(1) CREATE : Get file name to create a schematic diagram.

(2) COPY : Get a file name to print out. After outputting the

ordered diagram, KPATH returns to the primary selection.

(3) EDIT : Get a file name to edit,

specified diagram, KPATH shows all the commands and symbols in the

secondary selection so that the user can add dr delete symbols.

(4) EXIT : Go back to the operating system.

(5) LAYER 1 : Set the drawing pen to red or the parameter

After displaying the

Layer = 1.

Set the drawing pen to green or the parameter(6) LAYER 2 :

Layer = 2.

Set the drawing pen to blue or the parameter(7) LAYER 3 :

Layer = 3.
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(8) LAYER 4 : Set the drawing pen to yellow or the parameter

Layer = 4.

(9) MENU 1 : Choose Menu set 1.

(10) MENU 2 : Choose Menu set 2.

2.3 Secondary Selection

In the secondary selection shown in Figure A.3 and Figure A.4

and texts needed in the schematicany templates, curves, lines,

diagram can be drawn and deleted in

commands available are as follows:

Thean interactive way.

editing the file , and(1) QUIT : Quit creating a file or

return to the primary selction.

Save all the drawings in disk files, and return to(2) SAVE :

the primary selection.

(3) PATH : Connect all the points pointed by input device,

(4) LINE : Connect pairs of points.

(5) CIRCLE : Draw a circle with the first point as center

the second point as radius.

(6) TEXT : Accept a string from the keyborad and print it with

upper-case letter, centered or left-adjusted mode, on the terminal.

(7) ERASE : Erase any texts or drawings which the cursor has

and

located.

(8) L.TEXT ; Same as TEXT ,but print input characters with

lower-case letter except the first one.

Connect 3 points as an arc.

Connect pairs of points in dotted pattern.

(9) ARC3PT :

(10) DASH LINE :
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(11) MENU ; Erase the current menu set and display the other

one.

Set the parameter LAYER to 1 to 4 or

change the current color pen into the correspoding color pen pointed

by cursor.

(12) L.l, L.2, L.3, L.4 ;

(13) SCALE 1 ( 0.25, 0.50, 2.0, 4.0 ) : Set the scale factor

as pointed, and write the scale factor with the corresponding layer

color to show the effective scale factor.

(14) ROTATE 0 ( 45, 90, 135, 180, -135, -90, -45 ) :

SCALE but it shows rotation factor.

(15) Symbols ( Templates ) : Change the color of symbol with

the corresponding effective color to notify the user the symbol

being drawn as pointed. Blank spaces in MENU 2 are left for the

later use.

Same as

Besides the symbols and the commands mentioned above, there are

hidden commands in SCALE 1, TEXT , and L.TEXT. If they aresome

selected two times in sequence; The actual scale factor is 3 times

the current displayed factor or return to the original scaling.

Therefore the scale factors available actually are 1.0, 0.25, 0.50,

2.0, 4.0, 3.0, 0.75, 1.5, 6.0, 12.0. In case of TEXT and L.TEXT,

the output string can be located centered or left-adjusted.

Some experimental outputs shown in Figure 5 were drawn on a

Tektronix 4027 terminal.
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CREATED.UPDATED:10/21/83Up-doiun Octal Counter

*♦****♦**■»NET LIST***********

DESTINATION PAGE REFERENCE

PINS

SOURCE

PIN

NET
NO.NAME

0 CllOutput to the external device
0 CllOutput to the external device
0 CllOutput to the external device
0 C!I Input

0 Cllinput

0 C ! Ilnput

0 CIIlnput

0 Cllinput

0 C1Ilnput

0 C ! I

0 C ! I

0 C ! I

0 C I I

0 C ! I

0 C ! I

0 C ! I

0 C!I

0 C! I

O C ! I

0 C ! I

0 C ! I

0 C ! I

0 C ■ I

0 C ! I

O C ! I

0 C ! I

0 C ! I

0 C ! I

0 C ! I

0 C ! I

U02 - a

U02 -10

U02 -12

*LED1

*LED2

*LED3
from the external device

from the external device

from the external device

from the external device

from the external device

from the external device

UOO -13

UOl - 9

UOl - 1

UOO - 3

UOl - 4

UOl -10

U04 - 6 U04 - 2

UOO - 5

UOl - 5

U03 - B UOO - 4

U03 -12

U03 - 6 U03 - 2

U02 - 4 U03 -11

U02 - 2 U03 - 3

UOO - 6 UOO -10

UOO -12 UOO -11

UOO - 8 U02 - 1

UOl - 3 UOl -13

UOl - 6 UOl -12

UOl -11 U02 - 3

UOl - 8 U04 - 3

U04 - 5 UOO - 2

UOl - 2

U02 - 9

U03 - 9 UOO - 1

U02 -11

U03 - 5 U02 -13

*X1

*X1

*X1

*X2

*X2

*X2

-QO

-Q1

-Q2

CLKl

CLK2

DOl

D02

D03

Dll

D12

D13

D14

QO

Q1

Q2

NOTE

OK . NOT AN ERROR
ARE YOU SURE? . A POSSIBLE ERROR

FATAL ERROR

C ! I

C?I

Cxi

Output documents ; net list.Figure B.l.
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CREATED.UPDATED;10/21/83Up-down Octal Countar

LIST OF MATERIAL

TOTAL TOTAL TOTAL

AREA COST POWER
UNIT UNIT UNIT QTY

AREA COST POWER
ITEM PART

NO. NO.

0. 243 0. 850 2. 5500. 243 0. 850 2. 550 1

QUAD. 2-INPUT POS. NAND CATES : UOl
1 74LSOO

0. 243 0. 800 2. 0000. 243 0. 800 2. 000 1
: U02

2 74LS04

HEX INVERTERS

0. 000 0. 850 0. 000
UOO

0. 000 0. 850 0. 000 13 74LS10

Triple 3-input Po»itive-NAND Cates

0.000 1.700 0.000
U03 U04

0. 000 0. 850 0. 000 274LS74

Dual D-type Pos.Edge-Triggered Flip-Flop ;
4

5Total number of chips

Total area occupied

Total cost estimated

Total power dissipation

0. 487 Sq. inch
4. 200 Dollars

4. 550 mW

Output documents : list of material.Figure B.2.

CREATED.UPDATED: 01/30/83Up-Down Octal Counter —

CHECK LIST

PAGE CHECK

NO. DESCRIPTION
Chip PIN IC

NO. TYPE

NET

NAME No

0 C?3Unused or No signal name specified
0 C?3Unused or No signal name specified

c?a

74LS04

74LS74

U02 - b

U04 - 8

9

0 r!3

0 C!3

0 C!D

0 C!3

0 C!3

74LS10

74LS00

74LS04

74LS74

74LS74

UOO - 7

UOl - 7

U02 - 7

U03 - 7

U04 - 7

GNO

E!311

0 C’D74LS109UOOVcc

C ! 314

0 C!3

O C!3

74LS00

74LS04

UOl -14

U02 - 5

C!314

0 C ! 374LS74U03 - 1

C ! 34

C!310

C!313

C!314

0 C!374LS74U04 - 1

C ! 34

C ! 310

C ! 312

C ! 313

C ! 314

NOTE

OK . NOT AN ERROR

ARE YOU SURE? . A POSSIBLE ERROR

FATAL ERROR

C I 3

C?3

Cx3

Figure B.3.' Output documents : check list.
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CREATED, UPDATED; 10/21/B3
Up-doiun Octal Counter

****** PIN ASSIGNMENT LIST
***********

descriptionPAGEI/O NET

TYPE NAME
Chip_PIN
NO. NO.

TYPE
NO.

NO.

0 QUAD. 2-INPUT POS. NANO GATESI *X1

I QO

O Dll

I *X2

I -QO

0 D12

I GND

0 DIA

I *X1

I *X2

0 D13

I D12

I Dll

I Vcc

I D03

0 CLK2

I D13

O CLKl

1 Vcc

UOl - 174LS00
O- 2
0- 3
O- 4

O
5

0
- 6

0- 7
0- 8
0

- 9
0

-10
0-11
0

-12
0

-13
0

-14
0 HEX INVERTERS

U02 - 174LS04
0

- 2
0

- 3
04
0

5
0O- 6

- 7 0I GND

0 *LED1

I QO

0 *LED2

I Q1

0 *LED3

I Q2

I Vcc

I Q1

I QO

I *X2

I -Q1

I -QO

0 DOl

I GND

0 D03

I Vcc

I DOl

I D02

0 D02

I *X1

I Vcc

I Vcc

I -Q2

I CLK2

I Vcc

O Q2

O -Q2

I GND

O -01

0 Q1

I Vcc

I CLKl

I -Q1

I Vcc

I Vcc

I Vcc

I -QO

I D14

I Vcc

O QO

0 -QO

I GND

O
- 8

O9
O

-10
0

-11
o

-12
0-13
0-14 Po51tive—NAND GatesTriple 3-input0

UOO - 1

_ 2
74LS10

0

03
0- 4
0- 5
0- 6
07
0

e
0- 9
0-10
0

-11
0-12
0-13
0

-14 Pos.Edge-Triggered Flip-Fl0 Dual D-type174LS74 U03
0- 2
0- 3
0- 4
O- 5
0- 6
07

0- e
0- 9

0-10
o-11
0-12
0-13
O-14

Dual D-type Pos.Edge-Trxggered Flip-FlO
U04 - 174LS74

O2
0- 3
0- 4

0s
0- 6
0- 7
Oo- a
o0- 9
0I Vcc

I GND

I Vcc

I Vcc

I Vcc

-10
O

-11
0

-12
0

-13
0

-14

Output documents ; pin assignment list.B.4.Fi gure
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(* FILE NAME : SOURCE. IMAP *)Program IMAPi

K_TERM - 2i
K_CLOSE=
K READ_BY_KEY = 9;
K~REWRITE_REC » 20i
kIdELETE_BY_KEY - 24i
HALF - 40i

MAXPIN - 24i

UQRDLEN - Si

CONST K_INIT » li
K_OPEN - 3i
K_READ_BY_KEY_LOCKED - lOi
K_INSERT_REC = 19i
K_REWRITE_REC_UN « 21 ;
NMAX - BOi

MINPIN « 14i

BLANK - '

blankline-'

SPECCOL - 13i

STR2LEN - 2i

CROW - 12i

FNAMELEN- Si

BYTE » 0. . #FFi

STRING - PACKED ARRAY!1. . WORDLENI OF CHARi
STRING4- PACKED ARRAY!1. . STR4LEN3 OF CHARi
STRINC2- PACKED ARRAY!1.. STR2LEN1 OF CHARi
STRINOl- PACKED ARRAY!1. . STRILENI OF CHARi
HALFLINE-PACKED ARRAY!1. . HALFI OF CHARi
FNAME - PACKED ARRAY!1. . FNAMELENl OF CHARi
INPART - RECORD

STR4LEN - 4i

STRILEN - li

CCOL - 40i

C0NSTFLEN-20i

BTYPE » ARRAY!1. . 161 OF INTEGERiTYPE

REFER: HALFLINEi

COST : STRING:

MAXCUR : STRING:

MAXDEL : STRING:

NAME : STRING:

AREA : STRING:

TYPCUR : STRING:

TYPDEL : STRING:

SIZE ; STRING2i

PINDES : ARRAY!1. . MAXPINI OF STRlN04i
INOUT : ARRAY!1. . MAXPINl OF STRINOl

END:

OUTPART = RECORD
PAGE ; STRINGliCIRDES : STRING4i

NAME : STRING:

SIGNAL ; ARRAY!1. . MAXPINl OF STRING
END:

SCI STRING - PACKED ARRAY!0. . NMAXl OF CHAR:
LINEMODE -(THIN, THICK):

SELECTION=(LIB, CRE, DEL, EDI, DIS, HEL, BYE, QUI, TTL,MIC,RAM, ROM,PRO,EPR,

PLA, NAN, NOR, ANDO, ORG, XOR, INV, FFP, ADD, MUL- SHI, T74, DAT, NUL):

MENUSET = SET OF SELECTION:

T_K_SBK = PACKED RECORD
K_SCODE
K_ACCESS
K_REC_LEN
K PATHNAME

: 0. . 255:

: 0. . 255:
K_KEY_NUMBER
KIF_RESERVED

0. . 255:

0. . 255:

INTEGERi

PACKED ARRAY!!.. 301 OF CHAR:

END:

VAR EDITING,FOUND,DONE ; BOOLEAN:

STID

FILENAME : FNAME:

SCISTRING: SCI_STRINGi
INICPART : INPART:

MENUS

K_SBK

BK : BTYPE:

EM : CHAR:

LMODE : LINEMODE:

OUTICPART : OUTPART:

MENU : SELECTION:

OK_SBK : T_K_SBKi

: BYTE:

MENUSET:

T_K_SBKi
STrTnG:KEY

PATHNAME : PACKED ARRAY!1. . CONSTFLEN+FNAMELENl OF CHAR:

PROCEDURE KEY*FILE(K_COMMAND:INTEGER :
UNIV K_KEYNAME
UNIV K_BUFFER_NAME : PACKED ARRAY! l..?l OF CHAR:
VAR K_SBK : T_K_SBK)i EXTERNAL:

PROCEDURE SET»ACNM(VAR F:TEXT i VAR A: SC I_STRINO> i EXTERNAL:

PROCEDURE FIND*SYN(VAR S,V:SCI_STRING): EXTERNAL:
PROCEDURE INITSCREEN( VAR BK;BTYPE: UNIT: INTEGER): EXTERNAL:

PROCEDURE DISPLAY< VAR BK;BTYPE: LINE, COLUMN: INTEGER:
BUFFER:PACKED ARRAY!!.. ?1 OF CHAR:
LEN: INTEGER ):EXTERNAL:

PROCEDURE ACCEPT( VAR BK: BTYPE: LINE, COLUMN: INTEGER:
VAR BUFFER: PACKED ARRAY!!. . ?1 OF CHARi
LEN: INTEGER:

VAR TERMINATIONCHARACTER: CHAR ): EXTERNAL:

PROCEDURE CLEARSCREEN( VAR BK:BTYPE )i EXTERNAL:

FUNCTION STATIONIDC) : BYTE: EXTERNAL:

: PACKED ARRAY!!.. ?1 OF CHAR:
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FUNCTION CHARINC CHARACTER: STRINGS ):INTEGER;
VAR ZERO:INTEGER;

BEGIN

ZERO . « ORD( 'O' );

CHARIN:-( ORD(CHARACTER! ID-ZERO )*10+< 0RD<CHARACTERC2D-ZER0 )

END;

PROCEDURE CLEARWORDC VAR WORD: PACKED ARRAY!1. . ?IOF CHAR ;

LEN:INTEGER );

INTEGER;VAR I :

BEGIN FOR I:=l TO LEN WORD! 11 ' END;DO

PROCEDURE REALNUMCHECKC WORD: STRING; VAR FOUND: BOOLEAN );

VAR I : INTEGER;

BEGIN

FOUND :« FALSE;

FOR I:»l TO WORDLEN DO

BEGIN

IF WORD!I3='. ' THEN FOUND:-TRUE;

IF WORD!II IN (!'!'.. 'I']-!'O'. . '9', '. "D THEN FOUND:-FALSE

END;

IF WORD-'

IF NOT FOUND THEN CLEARWORD(WORD, WORDLEN)

' THEN FOUND:-TRUE;

END;

PROCEDURE INCHAR( INTNUM. INTEGER; VAR ELEMENT:STRINGS);
BEGIN

ELEMENT!11:-CHR(( INTNUM DIV 10 )+0RD('0'));

IF ELEMENT!!3='0' THEN ELEMENT!13:-' ';

ELEMENTC23:-CHR( INTNUM-(INTNUM DIV 10)*10 + ORD('O') )

END;

PROCEDURE VDT;

TYPE VDTNAME = evDT_REC;

VDT_REC = PACKED ARRAYCO. . 43 OF CHAR;
SVCB - RECORD

CODE, LUNO, DUMYS, DUMYl, DUMY2, DUMY3 ; INTEGER;

ZERO, DUMY4, FLAGS, ZERO!, ZER02 : INTEGER;
VDTNA : VDTNAME;

: INTEGERZER03, ZER04

END;

BK : BTYPE;

SSTID : PACKED ARRAYC1. .43 OF CHAR;

VAR STID : BYTE;

SVCBK: SVCB;

PROCEDURE SVC*(VAR B:SVCB);EXTERNAL;

BEGIN (* PROC VDT *)

STID: -STATIONID;

WITH SVCBK DO

BEGIN

NEW(VDTNA);

ZERO;-#0000;

ZER02: -#0000;

VDTNAe!03: -CHR(4);

VDTNAe!33:-CHR( STID DIV 10 + ORD('O') );

VDTNA6I43: =CHR( STID MOD 10 + ORD('O') );

LUNO:-#9100;

ZEROl: -#0000;

ZER04:-#0000;

VDTNAei23; -'T';

CODE:-#0000;

FLAGS:-#0400;

ZER03: -#0000;

VDTNAe!13: - 'S';

END;

SVC*(SVCBK);

INITSCREEN(BK, STID);

END (* PROC. VDT *);

STID: - SVCBK. LUN0-#9100;

PROCEDURE MAINMENU;

BEGIN (* MAIN MENU *)

CLEARSCREEN(BK);

DISPLAY (BK, 1,16,

GENERATION OF HARDWARE DIAGRAM. ',80);

DISPLAY(BK, 3, 16,

LIBRARY . CREATE U DELETE DATA IN LIBRARY. ',80);'!3

DISPLAY(BK, 5, 16,

USER : EDIT, CREATE, DELETE S. DISPLAY USER FILES. ',80);'!3

DISPLAY(BK, 6, 16,

'!3 DIS : DISPLAY AN IC SPECIFICATION. (Default)

HEL : HELP

BYE : EXIT THE PROGRAM.

TI TTL SERIES

MICROPROCESSOR

RAM

',80);

', 80);

', 80);

DISPLAY(BK, 7, 16, '!3

DISPLAY(BK, 8, 16, '!3

DISPLAY(BK, 10, 16, '!03 TTL

DISPLAY(BK, 11, 16, '!13 MIC

D1SPLAY(BK, 12, 16, '!23 RAM

',80)

',80)

',80)
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', 80)i

80)i

', 80)i

80);

80);

'.80);

*** 3 ', 80);

• DISPLAY<BK, 13. 16. 'C3] RDM
DISPLAY(BK. 14. 16, ' C4: PRO
DISPLAY(BK, 15, 16, 'CSl EPR
DISPLAYCBK, 16, 16, '163 PLA
DISPLAYCBK, 17, 16, 'C73
DIBPLAY(BK, 18, 16, 'C83
DISPLAYCBK, 20, 16, 'C «**

END; <* MAIN MENU *)

RDM

PRDM

EPROM

PLA

MAIN MENU

PROCEDURE FUNCTIONALMENU;
BEGIN <* FUNCTIONAL MENU ♦)

CLEARSCREEN(BK);

DISPLAYCBK, 1, 20, 'GENERATION OF HARDWARE DIAGRAM',
DISPLAYCBK, 3, 16, 'CO. 3 NAN
DISPLAYCBK, 4, 16, 'Cl. 3 NOR

DISPLAYCBK, 5, 16, 'C2. 3 AND
DISPLAYCBK, 6, 16, 'C3. 3 OR

DISPLAYCBK, 7, 16, 'C4. 3 INV
DISPLAYCBK, 8, 16, 'C5. 3 XOR
DISPLAYCBK, 9, 16, 'C6. 3 FFP
DISPLAYCBK, 10, 16, 'C7. 3 ADD
DISPLAYCBK, 11, 16, 'CB. 3 MUL

DISPLAYCBK, 12, 16, 'C9. 3 SHI
DISPLAYCBK, 13, 16, 'C103 DAT
DISPLAYCBK, 20, 16, 'C ***

END; C* FUNCTIONAL MENU *)

55);

55);NAND',

55)NOR ',

AND', 55)

55)DR ',
55);INVERTER ',

EXCLUSIVE OR',

FLIP-FLOP ',

: ADDER',

: MULTIPLIER',

; SHIFT REGISTER',

: multiplexer/data SELECTOR', 55)
TTL MENU

55)

55)

55)

55)

55)

', 55)*** 3

PROCEDURE LIBRARYMENU;

BEGIN C* LIBRARY MENU *)
CLEARSCREENCBK);

DISPLAYCBK, 1, 20, 'GENERATION OF HARDWARE DIAGRAM. ',32);

CReat* an IC data in LIBRARY.
EDit

DEleta an IC data in LIBRARY.

DItplag an IC data in LIBRARY. ',80)
HELP I

QUIT editing LIBRARY FILE.
LIBRARY MENU

', 80)

', 80)

', 80)

CREDISPLAYCBK, 3, 16, 'C3

DISPLAYCBK, 4, 16, 'C3

DISPLAYCBK, 5, 16, 'C3

DISPLAYCBK, 6, 16, 'C3

DISPLAYCBK, 7, 16, 'C3

DISPLAYCBK, 8, 16, 'C3

DISPLAYCBK, 20, 16, 'C ***

IC data in LIBRARY.EDI an

DEL

DIS

',80);HEL
', 80);

',80);
QUI

♦** 3

END;

PROCEDURE EDITMENU;

BEGIN C* EDIT MENU *)

CLEARSCREENCBK);

DISPLAYCBK, 1, 20, 'GENERATION OF HARDWARE DIAGRAM. ',32);

CReat* an IC data in USER FILE.

EDit an

DEleta an IC data in USER FILE.

DIsplag an IC data in USER FILE.
', 80);

QUIT editing USER FILE.
USER MENU

', 80);
DISPLAYCBK, 3. 16, '13 CRE

DISPLAYCBK, 4, 16, '13 EDI

DISPLAYCBK, 5, 16, '13 DEL

DISPLAYCBK, 6, 16, 'C3 DIS

DISPLAYCBK, 7, 16, '13 HEL : HELP I
DISPLAYCBK, 8, 16, 'C3 QUI

DISPLAYCBK,20, 16, 'C ***

END; (* EDIT MENU *)

IC data etored in USER FILE', 80);
', 80);

',80);

', 80);

',80);*** 3

PROCEDURE USERRESPONSECVAR MENU: SELECTION; VAR MENUS:MENUSET;
VAR KEY:STRING );

i : integer;VAR

BEGIN C* Userreeponse *)
MENU : » NUL;

DISPLAYCBK;23, 10, 'C3 Please enter an option or IC tgpe no.

DISPLAYCBK, 23, 56, keg, 80);
REPEAT

ACCEPTCBK, 23, 56, KEY, WORDLEN, EM);
FOR i:=l TO 2 DO IF kegCi3 IN C'a'.. 'i'3

THEN kegCi3:-CHRCORDCkegCi3)-32);
IF CKEYC13-'7') AND CKEYC23“'4') THEN MENU:-T74;
IF CKEYC13«'L') AND CKEYC23«'I') THEN MENU:-LIB;
IF CKEYC13='C') AND CKEYC23-'R') THEN MENU:-CRE;
IF CKEYC13='D') AND CKEYC23-'E') THEN MENU:-DEL;
IF CKEYC13-'E') AND CKEYC23-'D') THEN MENU:-EDI;
IF CKEYC13-'U') AND CKEYC23-'S') THEN MENU.-EDI;
IF CKEYC13-'D') AND CKEYC23-'I') THEN MENU:-DIS;
IF (KEYC13='H') AND CKEYC23-'E') THEN MENU:-HEL;
IF CKEYC13-'Q') AND CKEYC23-'U') THEN MENU;-QUI;
IF CKEYni3='B') AND CKEYC2:“'Y') THEN MENU:-BYE;
IF CKEYC13-'T') AND CKEYC23-'T') THEN MENU:-TTL;
IF CKEYC13='M') AND CKEYC23='I') THEN MENU-MIC;
IF CKEYC13='R') AND CKEYC23-'A') THEN MENU-RAM;
IF CKEYC13-'R') AND CKEYC23-'0') THEN MENU:-ROM;

: ',80);
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IF (KEYC13-'P'> AND (KEYC23-'R'> THEN MENU;-PRO;
IF <KEYC1]“'E') AND (KEYC23»'P') THEN MENU:»EPRi
IF (KEYCn-'PM AND <KEYC2]»'L') THEN MENU:-PLAi

THEN MENU:-NAN;

THEN MENU:-NOR;

THEN MENU:-ANDO;

THEN MENU: -ORG;

THEN MENU:-XOR;

THEN MENU:-INV;

THEN MENU:=FFPi

THEN MENU: -ADD;

THEN MENU: -MUL;

THEN MENU:-SHI;

THEN MENU: -DAT;

IF(KEYC1]='N' AND KEYC23-'A')
IF(KEYCn-'N' AND KEYC2]-'0')
IF(KEY:1]='A' and KEYC23-'N')
IF(KEYCn-'0' AND KEYC2D-'R')
IF(KEYCn-'X' AND KEYC2:-'0'>
IF(KEYCn-'I ' AND KEYC2]-'N')
IF<KEYCi:-'N' AND KEYC2]-'F')
IF(KEYC1]-'A' AND KEYC2]-'D')
IF<KEYCi:-'M' AND KEYC2]-'U')
IF(KEYCU-'S' AND KEYC2:-'H')
IF(KEYCn-'D' AND KEYC2]-'A')

UNTIL ( MENU IN MENUS )
END;(* PROC USERRESPONSE *)

PROCEDURE UNDERLINE(ROW. COL. LEN: INTEGER);
VAR I: INTEGER; ELEMENT : PACKED ARRAY Cl.. 13 OF CHAR;
BEGIN

ELEMENT!1] :- CHR(#5F);
FOR I;-l TO LEN DO

BEGIN

DISPLAY(BK. ROW. COL. ELEMENT. 1); COL:- COL+1

END;

END; (* PROC UNDERLINE *)

PROCEDURE HLINE<ROW. COL. LEN: INTEGER; LMODE:LINEMODE);
VAR I: INTEGER; ELEMENT : PACKED ARRAY Cl.. 13 OF CHAR;
BEGIN

ELEMENTCn :- CHR(#16);
IF LMODE-THIN THEN ELEMENTCll:- CHR<*2D);
FOR I:-l TO LEN DO

BEGIN

DISPLAYCBK. ROW. COL. ELEMENT. 3); COL:- COL+1

END;

END; (* PROC HLINE *)

PROCEDURE VLINE(ROW.COL.LEN:INTEGER; LMODE;LINEMODE);
VAR I: INTEGER; ELEMENT : PACKED ARRAY Cl.. 13 OF CHAR;
BEGIN

ELEMENT C13 :-CHR(*09);
IF LMODE-THIN THEN ELEMENTC13:- CHR(*70;
FOR I:-l TO LEN DO

BEGIN

DISPLAY(BK. ROW. COL, ELEMENT, 3); ROW: - ROW+1

END;

END;(* PROC VLINE *)

PROCEDURE BOX(CROW,CCOL, WIDTH, HEIGHT: INTEGER);

WIDTH2, HEIGHT2, RIGHTCOL, BOTROW, TOPROW, LEFTCOL :

ELEMENT : PACKED ARRAY Cl.. 13 OF CHAR;
BEGIN

WIDTH2 WIDTH DIV 2;

TOPROW :- CROW - HEIGHT2;

LEFTCOL:-- CCOL - WIDTH2;
ELEMENT! 13 :» CHR(*OA);

ELEMENT! 13 :» CHR(*1A);

ELEMENT!13 :- CHR(*OD);
ELEMENTC13 :-CHR(*lD);

HLINE(TOPROW. LEFTCOL+1, WIDTH-1, THICK);
HLINE(BOTROW, LEFTCOL+1, WIDTH-1, THICK);
VLINE(TOPROW+1, LEFTCOL, HEIGHT-1, THICK);
VLINE(T0PR0W+1, RIGHTCOL, HEIGHT-1, THICK)

END; (* PROC BOX *)

VAR
INTEGER;

HEIGHT2:- HEIGHT DIV 2;
BOTROW ;- TOPROW + HEIGHT;
RIGHTCOL :- LEFTCOL + WIDTH;
DISPLAY(BK, TOPROW, LEFTCOL, ELEMENT, 1);
DISPLAY(BK,TOPROW,RIGHTCOL,ELEMENT,1);
DISPLAY(BK, BOTROW, LEFTCOL, ELEMENT, 1);
DISPLAY(BK, BOTROW, RIGHTCOL, ELEMENT, 1);

PROCEDURE SPECDISPLAY;

BEGIN

DISPLAY(BK, 2, 1, 'Typ» Numb»r: ',
DISPLAY(BK, 3, 1, 'Discription: ',
DISPLAY(BK, 4, 1, 'ATea($<v. in): ',
DISPLAY(BK, 5, 1, 'Price( • ) ; ',

DISPLAY(BK, 6, 1, 'T^. Power. mW: ',
DISPLAY(BK, 7, 1, 'Mx. Power. mW: ',

DISPLAY(BK, 8, 1, 'Ty. Deleg. n«: ',
DISPLAY(BK, 9, 1, 'Mx. Delay, ns: ',
DISPLAY(BK, 10, 1, 'No. of pins: '
WITH INICPART DO

BEGIN

80);

80);

80);

80);

80);

80);

80);

80);

80);
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80)DISPLAY (BK. 2, SPECCOL- NAME,
DISPLAY(BK, 3, SPECCOL, REFER,
DISPLAY (BK, 4, SPECCOL, AREA,
DISPLAYCBK, 5, SPECCOL, COST,
DISPLAY(BK, 6, SPECCOL, TYPCUR,
DISPLAY<BK, 7, SPECCOL, MAXCUR,
DISPLAYCBK, 8, SPECCOL, TYPDEL,
DISPLAY (BK, 9, SPECCOL, MAXDEL,
DISPLAY(BK, 10, SPECCOL, SIZE,

END; (* WITH *)

END; (* PROC SPECDISPLAY *)

80)

80)

80)

80)

80)

80)

80);

80)

PROCEDURE ICDISPLAYi

VAR

TOPROWLABEL, TOPCOLLABEL, RHTROWLABEL,
LFTROWLABEL, LFTCOLLABEL, RHTCOLLABEL,
I, INSIZE, SIZE2, WIDTH, HEIGHT, WIDTH2, HEIGHT2 :
ELEMENT : STRING2i

INTEGER)

BEGIN

CLEARSCREEN(BK))

SIZE2 ;= INSIZE DIV 2)
HEIGHT2: “HEIGHT DIV 2;

WIDTH HEIGHT + 2 i

INSIZE:“CHARIN( INICPART. SIZE )(
HEIGHT;-SIZE2 +1)

WIDTH2: -WIDTH DIV 2)

TOPROWLABEL:- CR0W-HEIGHT2-1) TOPCOLLABEL:- CCOL-3)
LFTROWLABEL:- CR0W-HEIGHT2+1) RHTROWLABEL:- LFTROWLABEL)

RHTCOLLABEL:- CC0L-WIDTH2+WIDTH+1)LFTCOLLABEL:- CC0L-WIDTH2-2)
BOX( CROW, CCOL, WIDTH, HEIGHT ))
DISPLAY(BK, TOPROWLABEL, TOPCOLLABEL, INICPART. NAME, 10))

FOR I:-l TO SIZE2 DO

BEGIN

INCHAR ( I, ELEMENT ))

UNDERLINE(LFTROWLABEL, LFTCOLLABEL-5, STR4LEN))
DISPLAY(BK, LFTROWLABEL, LFTCOLLABEL, ELEMENT, 2))
DISPLAY(BK,LFTROWLABEL, LFTCOLLABEL+3, INICPART. PINDESC11, 4))

LFTROWLABEL :- LFTROWLABEL+1
END)

FOR I:- INSIZE DOWNTO SIZE2+1 DO
BEGIN

INCHAR ( I, ELEMENT ))

UNDERLINE(RHTROWLABEL, RHTCOLLABEL+2, STR4LEN))
DISPLAY(BK, RHTROWLABEL, RHTCOLLABEL, ELEMENT, 2))
DISPLAY(BK, RHTROWLABEL, CCOL+1, INICPART. PINDESCII, STR4LEN))

RHTROWLABEL :- RHTROWLABEL+1

END)

END) (* DISPLAY IC *)

PROCEDURE SIGDISPLAY)

VAR

BOTROWLABEL, BOTCOLLABEL, RHTROWLABEL,
LFTROWLABEL, LFTCOLLABEL, RHTCOLLABEL,
I, INSIZE, SIZE2, WIDTH, HEIGHT, WIDTH2, HEICHT2 :
ELEMENT : STRING2)

BEGIN

INSIZE:-CHARIN( INICPART. SI ZE ))
SIZE2 ; - INSIZE DIV 2)

HEIGHT :- SIZE2 ♦ 1)

WIDTH :-■ HEIGHT + 2 )

BOTROWLABEL;- CR0W+HEIGHT2+1)
LFTROWLABEL:- CR0W-HEIGHT2+1)
LFTCOLLABEL:- CC0L-WIDTH2-2)

DISPLAY(BK,23,20, 'Edit user file as shown ;
DISPLAY(BK, BOTROWLABEL, BOTCOLLABEL, OUTICPART. CIRDES, 80))

LFTROWLABEL :- CR0W-HEIGHT2+1) RHTROWLABEL :- LFTROWLABEL)
FOR I;- 1 TO SIZE2 DO

INTEGER)

HEIGHT2:-HEIGHT DIV 2)

WIDTH2:-WIDTH DIV 2)

BOTCOLLABEL: - CCOL-2)

RHTROWLABEL; - LFTROWLABEL)
RHTCOLLABEL: - CC0L-WIDTH2+WIDTH+1)

',80))

BEGIN

DISPLAY(BK, LFTROWLABEL, LFTCOLLABEL-13, OUTICPART. SIGNALCI3, 80))

LFTROWLABEL :- LFTROWLABEL+1

END)

FDR I:- INSIZE DOWNTO SIZE2+1 DO

BEGIN

DISPLAY(BK, RHTROWLABEL, RHTCOLLABEL+6, OUTICPART. SIGNALC11,80))

RHTROWLABEL :- RHTROWLABEL+1

END)

END) (* PROC SIGDISPLAY *)
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PROCEDURE Ch*cksig( VAR signal;string )i
VAR i : integer;

BEGIN

IF signalOblank then
BEGIN

uriteC signal );
WHILE signalCil”'
uriteC signal );

IF signalCl]«'G' OR signa1C13='V' THEN
BEGIN

CASE signalCi: OF
'G' : BEGIN

FOR I:-l TO 7 DO signa1Ci3:=signa1Ci+ 13;' DO

IF signalC23«'N' and signalC33='D' THEN
signal: GND

END;

'V' : BEGIN

IF signalC23-'c' AND signa1C33«'c' OR
signalC23='C' AND signalC33='C' THEN
signal:“' ';Vcc

END;

END;

uritelni ' signal );
END;

END;

(* Checksig *)END;

PROCEDURE GETSIGNAL;

VAR

BOTROWLABEL, BOTCOLLABEL. RHTROWLABEL,
LFTROWLABEL, LFTCOLLABEL- RHTCOLLABEL-
I, INSIZE. SIZE2, WIDTH, HEIGHT, WIDTH2. HEIGHT2 :
ELEMENT : STRING2;

BEGIN

INSIZE; =CHARIN( INICPART SIZE );
SIZE2 :• INSIZE DIV 2;
HEIGHT :* SIZE2 + 1;

WIDTH : - HEIGHT + 2;

BOTROWLABEL: - CR0W+HEI0HT2+1;
LFTROWLABEL; - CROW-HEIOHT2+1;

LFTCDLLABEL:= CC0L-WIDTH2-2;
WITH OUTICPART DO

INTEGER;

HEI0HT2:-HEIGHT DIV 2;

WIDTH2:-WIDTH DIV 2;

BOTCOLLABEL: - CCOL-2;

RHTROWLABEL: - LFTROWLABEL;

RHTCOLLABEL; - CC0L-WIDTH2+WIDTH+1;

BEGIN

IF EDITING = FALSE THEN
BEGIN

DISPLAYiBK, 23, 10,
',80);Enter a circuit designator ( eg: U12 ).

DISPLAY(BK, BOTROWLABEL, BOTCOLLABEL, CIRDES, STR4LEN);
ACCEPT(BK,BOTROWLABEL, BOTCOLLABEL, CIRDES, STR4LEN, EM)

'C3

END;

IF CIRDESC130'Q' OR CIRDESC230'U' THEN
BEGIN

DISPLAYiBK, 24, 10,
',80);external with * or 8.' Begin I/O signal from/to

DISPLAY(BK, 23, 10,

Enter signal names on pins.
LFTROWLABEL :- CROW-(HEIGHT DIV 2)+l;
FOR I:- 1 TO SIZE2 DO

',80);
'[3

BEGIN

IF INICPART. INOUTCI, 130'N' THEN

BEGIN

IF I-SIZE2 AND SIGNAL!13-BLANK THEN SIGNALCI3:-'
DISPLAYCBK, LFTROWLABEL, LFTCDLLABEL-13, SIGNAL!I 3, 80);

ACCEPTCBK, LFTROWLABEL,LFTCDLLABEL-13, SIGNAL!I3, WORDLEN, EM);

Checksig(signal!i3);

GND

WRITELNi'«', SIGNAL! 13, '8');

END

ELSE

BEGIN

SIGNAL!I 3: -BLANK;

DISPLAYtBK, LFTROWLABEL, LFTCOLLABEL-13, SIGNAL!I3, 80)

END;

LFTROWLABEL : - LFTROWLABEL*1

END;

RHTROWLABEL :- LFTROWLABEL-1;

FOR I:- SIZE2+1 TO INSIZE DO

BEGIN

IF INICPART. INOUT! I, 1 30'N' THEN

BEGIN

IF I-INSIZE AND SIGNAL!I 3-BLANK THEN SIGNAL!I 3:='
DISPLAY(BK, RHTROWLABEL, RHTCOLLABEL+6, SIGNAL!I 3,80);
ACCEPTCBK, RHTROWLABEL, RHTCOLLABEL+6, SIGNAL!I 3, WORDLEN, EM);

Vcc
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WRITELN< '8'. SIONALCi:. '8');Ch#cksi9(signalCl])i
END

ELSE

BEGIN

SIGNALCn:-BLANK;

DISPLAY(BK. LFTROWLABEL. LFTCOLLABEL+6, SIGNALCII. SO);

END;

RHTROWLABEL :- RHTROMLABEL-1

END;

(* NOT QUIT *)

(* WITH *)

(* PROC GETSIGNAL *)

END;

END;

END;

PROCEDURE SPECACCEPTI VAR JSIZE:INTEGER );
LABEL 20;

VAR I : INTEGER; ISTRING ; STRING2;

VAR KEY: STRING );PROCEDURE SPECLINEI K: INTEGER;
LABEL 10;

BEGIN

ACCEPTIBK, K, SPECCOL, KEY, WORDLEN, EM);
REALNUMCHECKI KEY, FOUND );

IF NOT FOUND THEN
BEGIN

DISPLAYIBK,K, 30, '** Enter
GOTO 10

10:

real number OR blank **',80);

END

DISPLAYIBK, K, 30, blankline, 80)ELSE

END;

BEGIN

WITH INICPART DO

BEGIN

SPECLINE( 4, AREA );

SPECLINE( 6, TYPCUR );

SPECLINEC 8,TYRDEL );
20: ACCEPTIBK, 10, SPECCOL, SI ZE, STR2LEN, EM);

JSIZE:-CHARIN( SIZE );

IF JSIZECMINPIN OR JSIZE>MAXPIN OR ( JSIZE MOD 2 )<>0 THEN

BEGIN

DISPLAYIBK, 10, 20,
'** Enter an even no.

INCHAR(MINPIN,ISTRING);
DISPLAY(BK, 10, 52, 'AND', 80);
DISPLAY(BK, 10, 57, ISTRING, 80);
GOTO 20

SPECLINEC 5, COST );

SPECLINEC 7, MAXCUR );

SPECLINE( 9, MAXDEL );

♦*',80);

DISPLAYIBK, 10, 49, ISTRING, 80);
INCHAR(MAXPIN,ISTRING);

between

END;

DISPLAY<BK, 10, 20, b lank 1 ine, 80)
END; (* WITH INICPART *)

END; <* SPECACCEPT *)

PROCEDURE Asker;

BEGIN

Displagibk, 23, 40, '<CR> to c ont i nue', 80); Accapt(bk, 23, 60, key, 1, em)

END;

PROCEDURE Errorlib;

BEGIN

Di5play(bk,22, 10, iniepart. name, 80);
Display(bk,22,20, ': Not implemented in the 1ibrary',80);
Asker; DisplayCbk, 22, 10, b lank 1 ine, 80)

END;

PROCEDURE READLIB ;

BEGIN

FOUND : - FALSE;

(* READ RECORD *)

KEY»FILE<K_READ_BY_KEY, INICPART. NAME, INICPART, K_SBK );

IF K_SBK. K_SC0DE-0 THEN FOUND.-TRUE;
IF NOT<FOUND) THEN Errorlib;

END; (* PROC READLIB *>

PROCEDURE T74DISPLAY;

BEGIN

CLEARSCREEN(BK);

IF FOUND THEN

BEGIN

ICDISPLAY;

READLIB;

AskerSPECDISPLAY;

END;

END; (* T74DISPLAY *)
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PROCEDURE WRITELIBi

LABEL 5, 10, 20i

I, J. STARTCOL, STARTROW : INTEGER;VAR

BEGIN

MENUS ; » C LIB. . QUI, T74 3iLIBRARYMENUi

USERRESPONSEtMENU, MENUS. INICPART. NAME);

CLEARSCREEN<BK);

CASE MENU OF

QUI,by>,HEL : ;
T74 : BEGIN

CRE : BEGIN

5:

END;MRITELIBT74DISPLAY;

WITH INICPART DO

BEGIN

CLEARWORDl REFER, HALF );

CLEARWORDC NAME, WORDLEN);

CLEARWORDl COST, WORDLEN);

CLEARWORDf MAXCUR, WORDLEN);

CLEARWORDt MAXDEL. WORDLEN);

DISPLAYIBK, 1, 10, 'Cl Enter data as follouings ;
SPECDISPLAY;

ACCEPT(BK, 2, SPECCOL, NAME, WORDLEN, EM);

ACCEPT(BK, 3, SPECCOL, REFER, HALF, EM);

SPECACCEPT(J);

FOR I:-1 TO J DO

BEGIN

IF I<15 THEN

BEGIN

STARTROW :- I+IO;

CLEARWORD( AREA, WORDLEN);

CLEARWORDC TYPCUR, WORDLEN);

CLEARWORD( TYPDEL,WORDLEN);

CLEARWORD( SIZE. STR2LEN );

',80);

STARTCOL ; » 1

END

ELSE

BEGIN

STARTROW ;-I-14; STARTCOL : -50

END;

CLEARWORD( PINDESC13, STR4LEN );

DISPLAYfBK, STARTROW, STARTCOL, 'PIN ',4);

INCHARCI, SIZE);

DISPLAYCBK, STARTROW, STARTCOL+4, SIZE, 3);

DISPLAY(BK, STARTROW, STARTCOL+8, '; ',2);

IF I»<J DIV 2) THEN

DISPLAY(BK, STARTROW, STARTCOL+10, 'GND ',4);

IF I=J THEN

DISPLAY(BK, STARTROW, STARTCOL+10, 'Vcc ',80);

ACCEPTCBK, STARTROW, STARTCOL+10, PINDESC I 3, STR4LEN, EM);

DISPLAYCBK, STARTROW, STARTCOL+20, 'I/O/C/N; I ', 80);

ACCEPTCBK, STARTROW,STARTCOL+28, IN0UTCI3,STRILEN, EM);

IF INOUTCI, 13<>'I ' AND INOUTC 1, 1 30'0 ' AND

INOUTCI, 130'C ' AND INOUTC I, 1 30'N ' OR i«l THEN

10;

BEGIN

DISPLAYCBK, STARTROW, STARTCOL+31,

'** I: input ,0:output ,N:no internal connection ',80);
DISPLAYCBK,STARTROW+1,STARTCOL+31,

' C;open collector or 3-state output **',80);

GOTO 10

END;

DISPLAYCBK, STARTROW, STARTCOL+31, blankline, 80);

DISPLAYCBK, STARTROW+1, STARTCOL+31, blankline, 80);

END; C* FOR *)

KEY*FILECK_INSERT_REC, NAME, INICPART, K_SBK);
IF K_SBK. K_SCODE O 0 THEN Errorlib;
GOTO 3;

C* WITH *)

C* CRE *)

END;

END;

EDI :

BEGIN

WITH INICPART DO

BEGIN

DISPLAYCBK, 23,20, 'C3 Enter an IC type number to edit ; ',80);

ACCEPTCBK, 23, 60, NAME, WORDLEN, EM);

KEY»FILECK_READ_BY_KEY_LOCKED, NAME, INICPART, K_SBK);
IF K_SBK. K_SC0DE-0 THEN
BEGIN

DISPLAYCBK, 1, 10, 'C3 Edit spec, as Fo 11 owing s. ', 80);

SPECDISPLAY; ACCEPTCBK, 3, SPECCOL, REFER, HALF, EM);

SPECACCEPTCJ);

FOR I:=l TO J DO

BEGIN

IF I<15 THEN
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BEGIN

STARTROW I + lOi STARTCOL : “ 1

END

ELSE

BEGIN

STARTROW :-I-14i STARTCOL : -SO

ENDi

DISPLAYtBK, STARTROW, STARTCOL. 'PIN ',4);
INCHAR ( I, SIZE);

DISPLAY(BK, STARTROW, STARTCOL+4. SIZE, 3);
DISPLAY(BK, STARTROW, STARTCOL+8, ',2);

DISPLAY(BK, STARTROW, STARTCOL+10,PINDESI11,80);
IF I»(J DIV 2) THEN

DISPLAY<BK, STARTROW, STARTCOL+10, 'OND ',4);

IF I=J THEN

DISPLAYtBK, STARTROW, STARTCOL+10, 'Vcc ',80);
ACCEPT<BK, STARTROW,STARTCOL+10,PINDESEI3,STR4LEN, EM);

DISPLAYCBK, STARTROW, STARTCOL+20, 'I/O/C/N: ',80);
DISPLAY<BK, STARTROW, STARTCOL+28, INOUTCII, 1);
ACCEPT (BK, STARTROW, STARTCOL+28, INOUTCII, 1,EM);

IF INOUTII, nO'I ' AND INOUTI I, 1 DO'0 ' AND
INOUTCI, nO'C' AND INOUTC I, 1 DO'N' OR i-1 THEN

20:

BEGIN

DISPLAY(BK, STARTROW, STARTCOL+31,

'«* I: input ,0: output , N: no internal connec tion ', 80);

DISPLAY(BK, STARTROW+l. STARTCOL+31,

' C:open colector or 3-state output **', 80);

GOTO 20

END;

DISPLAY(BK, STARTROW, STARTCOL+31, blankline,80);
DISPLAYCBK, STARTROW+l, STARTCOL+31, blankline, 80);

END; <* FOR *)

KEY*FILE(K_REWRITE_REC_UN, NAME, INICPART, K_SBK);
END (* IF FOUND *)

ELSE Errorlib;

END; <* WITH *)

GOTO 5

END; (* EDI *)

DEL :

BEGIN ^

DISPLAY(BK, 23, 10, 'CD Enter an IC type number to (felete : ',80 );

ACCEPT(BK, 23, 50, INICPART. NAME, WORDLEN, EM);

KEY*FILE(K READ_BY KEY, INICPART. NAME, INICPART, K_SBK);
IF K_SBK. kIsC0DE=0~0R K_SBK. K_SC0DE=180 THEN

KEY»FILE(K_DELETE_BY_KEY, INICPART. NAME, INICPART, K_SBK )

Errorlib;ELSE

GOTO 5;

(* DEL *)END;

DIS :

BEGIN

DISPLAYCBK, 23, 10, 'CD Enter an IC type number to display : ',80);

ACCEPTCBK, 23, 50, INICPART. NAME, WORDLEN, EM);

KEY*FILE(K_READ_BY_KEY, INICPART. NAME, INICPART, K_SBK);
IF K_SBK. K_SC0DE=0 OR K_SBK. K_SC0DE“180 THEN
BEGIN

ICDISPLAY; AskerSPECDISPLAY;

END

ELSE Errorlib;

GOTO 5

END; (* DIS •)

LIB : GOTO 5

END; (* CASE *)

END; (* Writelib *)

PROCEDURE EDIT;

LABEL 5, 10, 20;

PROCEDURE Erroruser;

BEGIN

Display(bk, 22, 10, outiepart. cirdes,80);
DisplayCbk, 22, 20. ':No circuit/device designated in userfi1e', 80);

DisplayCbk, 22, 10. b lank 1 ine, 80); Askeri

ENDi

BEGIN

MENUS C CRE. . QUI» T74 J;5: EDITMENU;

USERRESPONSE( MENU, MENUS. INICPART. NAME )i

CLEARSCREEN( BK )i

CASE MENU OF

QUI, bije, HEL ; i
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GOTO 5 END^T74 ; BEGIN

CRE : BEGIN

T74DISPLAYi

WITH QUTICPART DO

BEGIN

CLEARWORD( CIRDES. STR4LEN ); CLEARWORD( PAGE.STRILEN );

CLEARWORD( NAME. WQRDLEN U

FOR I: «l TO MAXPIN DO

CLEARWORDCOUTICPART. SIGNALCII. UORDLEN);

10 .• CLEARSCREENCBK);

DISPLAY(8K. 23. 10.

'C3 Enter en IC type number to put in file :
DI SPLAY < BK, 23, 60. NAME. 80 ) i

DISPLAYiBK, 24, 10.

'C: Enter QU to nuit making file. ',SO)i
ACCEPT ( BK, 23, 60. NAME, WORDLEN, EM ) i
IF NAMECIIO'Q' OR NAMEC2:0'U' THEN
BEGIN

INICPART. NAME: «NAMEi

IF FOUND THEN

BEGIN

I CO I SPLAY,

DISPLAY<BK, 23, 10,

'Cl Please, enter a page number (eg:
DI SPLAY (BK, 1, 64, 'PACE', SO); DISPLAY (BK, 1,68, PAGE, 80 );

DISPLAY(BK, 24, 10,

'C3 Enter QU to quit making file
accept (BK, 1, 68, PAGE, STRILEN. EM);

IF page: 1 DO'Q' THEN

BEGIN

GETSIGNAL;

KEY»FILE(K_INSERT_REC, CIRDES, OUTICPART, 0K_SBK),
IF 0K_SBK. K_SC0DE OO THEN
begin”

C learscreen(b k);

DISPLAY(8K, 23, 20,

'The circuit designator duplicated. ',80);
Asker;

GOTO 10

', 80);

READLIB;

SPECDISPLAY;

PAGES) : ', 80);

',80);

END;

END; (* NOT QUIT *)

END; (• IF FOUND *)

END; (* NOT QUIT FIRST CHECK *)

END, (» WITH OUTICPART *)

GOTO 3

END; (* CRE *)

EDI : BEGIN

WITH OUTICPART DO

BEGIN

CLEARWORD( PAGE, STRILEN ); CLEARWORD( CIRDES, STR4LEN ),

20 CLEARSCREEN(BK);

DISPLAY(BK, 23, 10,

'CD Enter a circuit designator to edit ( eg:
DISPLAY(BK, 23. 65, CIRDES, 80);

DISPLAY! BK, 24, 10. 'CD Enter QU to quit editing file. ',80);

ACCEPT(BK. 23, 65, CIRDES, STR4LEN, EM);

IF CIRDESCIDO'Q' OR C IRDESC2DO'U ' THEN

BEGIN

KEY«FILE(K_READ_BY_KEY_L0CKED, CIRDES. OUTICPART, 0K_SBK);
IF OK_SBk”k_SCODEOO then Erroruser
ELSE

BEGIN

INICPART. NAME: -NAME;

READLIB;

SPECDISPLAY;

DISPLAY(BK, 1,64, 'PAGE', 80), DISPLAY(BK, 1, 68, PAGE, SO),

ACCEPT(BK, 1,68, PAGE, STRILEN, EM);

GETSIGNAL;

KEY»FILE(K REWRITE_REC_UN, CIRDES, OUTICPART, OK_SBK);
GOTO 20

END; (• NOT QUIT *)

END; (• NO QUIT FIRST *)

END; (* WITH OUTICPART *)

GOTO 5

END; (• EDI *)

DEL : BEGIN

U15 ) : 80),

ICDISPLAY,

SIGDISPLAY;

EDITING :- TRUE,

EDITING :- FALSE,

WITH OUTICPART DO

BEGIN

CLEARWORD! CIRDES, STR4LEN ),

DISPLAY ( BK, 23, 10.

'CD Enter a circuit designator to delete (eg U11) ',80),
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ACCEPT(BK. 23, 65, CIRDES, STR4LEN, EM ) J

KEY»FILE<K_READ_BY_KEY, CIRDES, OUTICPART, OK_SBK);
IF OK_SBK. K_SC0DE=0 THEN
KEY»FILE(K_DELETE_BY_K.EY, CIRDES, OUTICPART, OK_SBK)

ELSE Erroruseri

ENDi (* WITH OUTICPART *)

GOTO 5

END i (* DEL *)

DIS : BEGIN

WITH OUTICPART DO

BEGIN

DISPLAYIBK, 23, 10,

'Cl Entir « circuit designator to display (eg.
ACCEPTCBK,23, 65, CIRDES,STR4LEN,EM);
CLEARSCREENIBK);

KEY*FILE(K READ_BY_KEY, CIRDES, OUTICPART, OK_SBK);
KEY*FILE(K_READ_BY KEY, NAME, INICPART,K_SBK);
IF OK_SBK. K_SCODE = 0 THEN
BEGIN

ICDISPLAY;

SIGDISPLAY;

U13) : ', BO);

SPECDISPLAY;

Asker;

END

ELSE Erroruser;

END; (* WITH OUTICPART e)

GOTO 5

END; (* DIS *)

END; (* CASE *)

END; (* PROC EDIT *)

PROCEDURE OPENFILES;

CONST STARTCOLl “ 10;

PROCEDURE MAKESCI (F: PACKED ARRAYCl..?! OF CHAR; N: INTEGER;

VAR S: SCI_STRING);

STARTC0L2 - 35;

VAR I:INTEGER;

BEGIN

SCOl: «CHR(N); FOR I: «1 TO N DO SCI1;-FCI1;

END;

PROCEDURE GETFNAME( F;FNAME; VAR S:SCI_STRING);
CONST CONSTFNAME -

I: INTEGER;

UID, USERID : SCI_STRING;

. OUTFILE.

VAR

BEGIN

PATHNAME := CONSTFNAME;

MAKESCI < 'S*UI ', 4, UID);

FOR I: *2 TO 4

FOR I:»6 TO 11 DO PATHNAMECI 3;“USERIDCI-51;

FOR I;“CONSTFLEN+1 TO CONSTFLEN+FNAMELEN DO
pathname:II: =FCI-C0NSTFLEN1;

WRITELN < PATHNAME);

USER ID C 01: -C HR(C ONSTFLEN+FNAMELEN);

FIND*SYN(UID, USERID);

DO PATHNAMECIl: “USERIDCI-11;

MAKESCI(PATHNAME, CONSTFLEN+FNAMELEN, S)

END;

BEGIN (« Openfiles *)
(* INITIALIZE KEY FILE ROUTINE *)

KEY*FILE(K INIT, KEY, INICPART, K_SBK);

K_SBK. K_PATHNAME: * 'VOLl RES, RES549. LIBFILE. LIB74 ';

KEY»FILE(K_OPEN, KEY, INICPART, K_SBK);
DISPLAY(BK, 7, 5,

'Cl Enter a output key filename to create/edit your IC design. ',80);

DISPLAY(BK, 8, 5,

' This file will be input key file for CMAP <eg:KEYTEST): ',80);

CLEARWORD( FILENAME, FNAMELEN );

ACCEPT(BK, 9, 8, FILENAME, FNAMELEN, EM);

GETFNAME (FILEN AME, SC ISTRI NO);

FOR I:=l TO CONSTFLEN+FNAMELEN DO

OK_SBK. K_PATHNAMECI1: -SC ISTRINOC11;
KEY»FILE(K_OPEN, OUTICPART. CIRDES, OUTICPART, OK_SBK);
DISPLAY(BK, 11, 8, 'OUTPUT KEY FILE PATHNAME : ',80 );

DISPLAYOK, 11, 35, PATHNAME, 80);

K_SBK. K_KEY_NUMBER'. -1;
KEY*FILE(K INSERT_REC, INICPART. NAME, INICPART,K_SBK);

OUTICPART. CIRDES '0000';

KEY»FILE(K_INSERT_REC, OUTICPART. CIRDES, OUTICPART, OK_SBK);

out i epar t. c ir d es 'UOO ';

Asker;

INICPART. NAME 'OOOOLIBR';

OK SBK. K KEY NUMBER .» 1;

ini epart. name 'LIBRARY ';
END;

PROCEDURE Closefiles;

BEGIN

(* CLOSE FILES *)

KEY»FILE(K_CLOSE, KEY, INICPART, K_SBK);
KEY*FILE(K_CLOSE, KEY, OUTICPART, OK_SBK);
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(* TERMINATE KEYFILE FUNCTION *)

KEY*FILE(K_TERM, KEY, INICPART, K_SBK);
CLEARSCREEN(BK); DISPLAY(BK, 11, 35, PATHNAME, BO) i

DISPLAYtBK, 11, 15, 'KEY FILE PATHNAME : ',80)i

DISPLAY(BK, 13, 15, 'This File can be a input keg file to CMAP',eO)i

END;

PROCEDURE MAINCASESi

LABEL lOOi

BEGIN

DONE : - FALSE;

REPEAT

MAINMENU;

100 : MENUS ;» C LIB. . DAT I;

USERRESPONSEI MENU, MENUS. INICPART. NAME );

CASE MENU OF

LIB : Mritelib;

CRE, EDI.DEL ; BEGIN

DIS :

BEGIN

DISPLAYIBK, 23, 10, 'Enter an IC tgpe number to displag. : ',80);

ACCEPT(BK, 23, 50, INICPART. NAME, WORDLEN, EM);

READLIB;

IF FOUND THEN

BEGIN

ICDISPLAY;

EDIT END;

SPECDISPLAY; Asker

END;

END ; (* DIS *)

T74 : T74DISPLAY;

TTL : BEGIN FUNCTIONALMENU; GOTO 100; END;

RAM

BEGIN

CLEARSCREEN(BK);

DISPLAY(BK, 1, 5,

'Ci: 256-BIT RAM<3-STATE OUTPUT)<256*1)', 80);

DISPLAYCBK, 2, 9, '74S201, 54S201',80))

DISPLAY(BK, 3, 5,

'C2I 256-BIT RAM<OPEN COL. OUTPUT)<256*1)', 80);

DISPLAY(BK, 4, 9, '74S301, 54S301',80);

DISPLAYCBK, 5, 5,

'C3I 64-BIT WORDS RAMCOPEN COL. OUTPUT)(16*1)', 80);

DISPLAYIBK, 6, 9, '74S2B9, 7489, 54S289

GOTO 100

', 80);

END;

ROM :

BEGIN

CLEARSCREEN(BK);

DISPLAYCBK, 1, 5,

'Cl 3 2048-BIT ROM (OPEN COL. OUTPUTS)', 80);

DISPLAYCBK,2,9, '74S270(512*4), 74S271(256*8)', 80);

DISPLAYCBK, 3, 9, '543270(512*4), 54S271 (256*8)', 80);

DISPLAYCBK, 4, 5,

'C23 2048-BIT ROM(3-STATE OUTPUT) ', 80);

DISPLAYCBK, 5, 9, '743370(512*4), 74S371 (256*8)', 80);

DISPLAYCBK, 6, 9, '543370(512*4), 54S371 (256*8)', 80);

GOTO 100

END;

PRO, EPR, PLA, MIC: BEGIN

NAN :

BEGIN

CLEARSCREEN(BK);

DISPLAYCBK, 1, 5, 'C13 QUAD 2-lNPUT POSITIVE-NAND GATES', 80);

DISPLAYCBK, 2, 9, '7400, 74H00. 74L00, 74LSOO, 74S00',80);

DISPLAYCBK, 3, 9, '5400, 54H00, 54LOO, 54LS00, 54S00',80);

DISPLAYCBK, 4, 5, 'C23 TRI. 3-INPUT POSITIVE-NAND GATES', 80);

DISPLAYCBK, 5, 9, '74S10, 74H10, 74LS10, 7410, 74L10',80);

DISPLAYCBK, 6, 9, '54S10, 54H10, 54LS10, 5410, 54L10',80);

DISPLAYCBK, 7, 5, 'C33 DUAL 4-INPUT POSITIVE-NAND OATES', 80);

DISPLAYCBK, 8, 9, '74S20, 74H20, 74LS20, 7420, 74L20'.80);

DISPLAYCBK, 9, 9, '54S20, 54H20, 54LS20, 5420, 54L20',B0);

DISPLAYCBK, 10,5, 'C43 8-INPUT POSITIVE-NAND GATES',80);

DISPLAYCBK, 11, 9, '74S30, 74H30, 74LS30, 7430, 74L30',80);

DISPLAYCBK, 12, 9, '54S30, 54H30, 54LS30, 5430, 54L30',B0);

DISPLAYCBK, 13, 5,

'C53 QUAD. 2-INPUT POSITIVE-NAND OATESCOPEN COL. OUTPUTS)', 80);

DISPLAYCBK, 14, 9, '7401, 74LS01 ', 80);

DISPLAYCBK, 15, 9, '5401, 54LS01, 54L01',80);

GOTO 100

MAINMENU; END;
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END;

NOR :

BEGIN

CLEARSCREEN(BK);

DISPLAY(BK. 1. 5. '113 QUAD 2-INPUT POSITIUE-NOR GATES', 80);

DISPLAY(BK, 2, 9, '74S02, 74LS02, 7402, 74L02',80);

DISPLAYCBK, 3, 9, '54S02, 34LS02, 5402, 54L02',80);

DISPLAYCBK, 4, 5, 'C23 TRI. 3-INPUT POSITIVE-NOR GATES', 80);

DISPLAYCBK, 5, 9, '7427, 74LS27, 5427, 54LS27',B0);

DISPLAYCBK, 6, 5, 'C33 DUAL 4-INPUT POSITIVE-NOR GATES', 80);

DISPLAYCBK, 7, 9, '7425, 5425', 80);

DISPLAYCBK, 8, 5, '143 DUAL 5-INPUT POSITIVE-NOR GATES', 80);

DISPLAYCBK, 9, 9, '74S260 ', 80);

GOTO 100

END;

ANDG :

BEGIN

CLEARSCREENCBK);

DISPLAYCBK, 1, 5, 'C13 QUAD 2-INPUT POSITIVE-AND GATES', 80);

DISPLAYCBK, 2, 9, '7408, 74LS08, 74S08',80);

DISPLAYCBK, 3, 9, '5408, 54LS0B, 54S08',80);

DISPLAYCBK, 4, 5, 'C23 TRI. 3-INPUT POSITIVE-AND GATES', 80);

DISPLAYCBK, 5, 9, '74S11, 74H11, 74LS11',80);

DISPLAYCBK, 6, 9, '54S11, 54H11, 54LS11',80);

DISPLAYCBK, 7, 5, '133 DUAL 4-INPUT POSITIVE-AND OATES', 80);

DISPLAYCBK, 8, 9, '74H21, 74LS21',80);

DISPLAYCBK, 9, 9, '54H21, 54LS21',80);

DISPLAYCBK, 10, 5,

'C43 QUAD 2-INPUT POSITIVE-AND GATESCOPEN COL. OUTPUTS)',80);
DISPLAYCBK, 11, 9, '74S09, 7409, 74LS09',80);

DISPLAYCBK, 12, 9, '54S09, 5409, 54LS09',80);

DISPLAYCBK, 13, 5,

'C53 TRI. 3-INPUT POSITIVE-AND GATESCOPEN COL. OUTPUTS)', 80);

DISPLAYCBK, 14, 9, '74S15, 74H15, 74LS15',80);

DISPLAYCBK, 15, 9, '54S15, 54H15, 54LS15',80);
GOTO 100

END;

ORG :

BEGIN

CLEARSCREENCBK);

DISPLAYCBK, 1,5, 'C13 QUAD 2-INPUT POSITIVE-OR OATES', 80);

DISPLAYCBK, 2, 9, '7432, 74LS32, 74S32',80);

DISPLAYCBK, 3, 9, '5432, 54LS32, 54S32',B0);

GOTO 100

END;

INV ;

BEGIN

CLEARSCREENCBK);

DISPLAYCBK, 1, 5, 'C13 HEX INVERTERS', 80);

DISPLAYCBK, 2, 9, '7404, 74LS04, 74S04, 74H04, 74L04',80);

DISPLAYCBK, 3, 9, '5404, 54LS04, 54S04, 54H04, 54L04',80),

DISPLAYCBK, 4, 5, 'C23 HEX INVERTERS COPEN COL. OUTPUTS )', 80),

DISPLAYCBK, 5, 9, '7405, 74LS05, 74S05, 74H05',B0);

DISPLAYCBK, 6, 9, '5405, 54LS05, 54S05, 54H05',80);
GOTO 100

END;

XOR, FFP, ADD, MUL, SHI, DAT, HEL, QUI :

BYE : DONE: -TRUE

END C* CASE *)

UNTIL DONE;

END; C* MAINCASE *)

BEGIN C» MAIN PROGRAM *)

VDT;

OPENFILES;

MAINCASES;

CLOSEFILES

END.
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<* FILE NAME : SOURCE. CMAP *)
Program CMAP;
(* MAKE OUTPUT FILES *)

K_TERM = 2i
K_CLOSE « 4i
K_READ_BY_KEY
MAXPIN - 24)

MAXNOCHIP

WORDLEN = 8

STR4LEN » 4

STRILEN » 1

ttr9I«n = 9

CONST K_INIT « 1)
K OPEN » 3)

K_READ_eREATER = 7)
MINPIN - 14)

NMAX = 80)

HALF = 40)

BLANK « '

STR2LEN = 2)

FNAMELEN ” B)

dottedlin»=

« 9)

- 10)

')

BTYPE « ARRAY!1. .163 OF INTEGER)

STRING - PACKED ARRAY!1.. W0RDLEN3 OF CHAR)
string9- PACKED ARRAY!1. . »tr91an3 OF CHAR)
STRING4= PACKED ARRAY!1. . STR4LEN3 OF CHAR)
STRING2- PACKED ARRAY!1.. STR2LEN3 OF CHAR)
STRINGl” PACKED ARRAY!1. .STR1LEN3 OF CHAR)
HALF_LINE='PACKED ARRAY! 1. . HALF3 OF CHAR)
FNAME = PACKED ARRAY!1.. FNAMELEN3 OF CHAR)
INPART - RECORD

TYPE BYTE = 0. . #FF)

REFER: HALF_LINE)
COST : STRING)

MAXCUR : STRING)

MAXDEL : STRING)

NAME : STRING)

AREA : STRING)

TYPCUR : STRING)

TYPDEL : STRING)

SIZE

PINDES

INOUT

STRING2)

ARRAY!1. . MAXPIN3 OF STRING4)
ARRAYCl. . MAXPIN3 OF STRINGl

END)

T SIGNAL “ RECORD

NAME

CIRDES

SIZE

PAGE

STRINGl)

STRING)

STRING2)

INOUT

ICTYPE

PINNUM

STRING)

STRING4

STRING2

STRINGl

END)

OUTPART = RECORD
CIRDES

NAME

SIGNAL

PAGE : STRINGl)STR1NG4)

STRING)

ARRAY!1. . MAXPIN3 OF STRING

END)

SCI_STRING = PACKED ARRAYIO. . NMAX3 OF CHAR)
T K_SBK = PACKED RECORD

K_SCODE
K_ACCESS
K_REC_LEN
K PATHNAME

K_KEY_NUMBER : O. . 255)
KrF_RESERVED

0. . 255)

0. . 255)

INTEGER)

PACKED ARRAY!!. . 303 OF CHAR)

0. . 255)

END)

INTEGER)aigcount.blanksignal. gndvcc :
EM : CHAR)

BK : BTYPE)

OUTICPART

NETSIGNAL

sortkag
NFILE.LFILE, CFILE. SFILE :

FILENAME

OK SBK

VAR
STRING2)

SC I .STRING)
INPART)

ISTRING

SC ISTRING

INICPART

ARRAY!1. . maxnochip*maxpin3 OF T.SIGNAL)
ARRAY!1. . maxnochip*maxpin3 OF *tring9 )

TEXT)

HALFLINE : HALF.LINE)
K SBK : T K_SBK)

OUTPART)

FNAME)

T_K_SBK)
STRING)KEY

PROCEDURE KEY*FILE(K_COMMAND: INTEGER )
UNIV K.KEYNAME
UNIV K_BUFFER_NAME :
VAR K_SBK : T_K_SBK)) EXTERNAL)

PROCEDURE SET»ACNM(VAR F:TEXT ) VAR A: SCI_STRING))EXTERNAL)
PROCEDURE FIND»SYN<VAR S. V :SCI_STRING ))EXTERNAL)
PROCEDURE DISPLAY<VAR BK: BTYPE) LINE, COLUMN: INTEGER)

BUF:PACKEDARRAY!1..73OF CHAR)
PROCEDURE ACCEPT( VAR BK:BTYPE) LINE,COLUMN:INTEGER)

VAR BUFFER:PACKED ARRAY!1..73 OF CHAR)
LEN:INTEGER) VAR TERM:CHAR ))EXTERNAL)

PROCEDURE DELAYCMILLISECONDS: LONGINT))EXTERNAL)
PROCEDURE INITSCREEN( VAR BK:BTYPE) UNIT: INTEGER ))EXTERNAL)

; PACKED ARRAY!!. . ?3 OF CHAR)
PACKED ARRAY!1..73 OF CHAR)

LEN:INTEGER))EXTERNAL)
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PROCEDURE CLEARSCREENCUAR BK:BTYPE ); EXTERNAL;

FUNCTION STATIONIDO : BYTE; EXTERNAL;

PROCEDURE CHAR IN( CHARACTER: STRING2; VAR INTNUM: INTEGER );

BEGIN

INTNUM:-(ORD(CHARACTER!11)-ORD<'O'))*10+(ORD(CHARACTERC2I)-ORD( '0'))

END;

PROCEDURE CLEARWORDfVAR WORD;PACKED ARRAY!1 lOF CHAR; LEN: INTEGER );

I ; INTEGER;

BEGIN (* CLEARWORD *)

FOR I:«l TO LEN DO WORD! 11 '

END; (* CLEAR WORD *)

VAR

PROCEDURE INCHAR( INTNUM:INTEGER; VAR CHARACTER:STRINC2 );

BEGIN

CHARACTER!!!:=CHR(( INTNUM DIV 10 )+0RD('0'));

IF CHARACTER!1!='0' THEN CHARACTER!11:-' ';

CHARACTER!2I:»CHR( INTNUM-!INTNUM DIV 10)*10 + ORD('O') )

END;

PROCEDURE CHARREALCWORD: STRING; VAR REALNUM: REAL);

I, DECOUNTER,FRCOUNTER, COUNTER. ZERO : INTEGER;VAR DEC I, FRAC: REAL;

BEGIN

IF WORDOBLANK THEN

BEGIN

COUNTER : = 0;

REPEAT
COUNTER :- COUNTER+1;

UNTIL COUNTER>WORDLEN OR WORDIDECOUNTER+11='. '

COUNTER := COUNTER+1;

REPEAT

COUNTER :- COUNTER+1;

UNTIL COUNTER>WORDLEN OR W0RD!C0UNTER+13-' ';

DECI : « 0;

DECOUNTER :» 0; FRCOUNTER : - O;

DECOUNTER :« DECOUNTER+1 ;

FRCOUNTER :« FRCOUNTER+1;

ZERO : » ORD( '0' );

FOR I:=l TO DECOUNTER DO

DECI :« DECI + (ORD(WORD!n)-ZERO)*<EXP( (DECDUNTER-I)*LN(10) ) );

FRAC := 0;

FOR I:-DECOUNTER+2 TO DECOUNTER+FRCOUNTER + 1 DO

BEGIN

COUNTER :« COUNTER+1;

FRAC :« FRAC + (ORD(WORD!II)-ZERO)*<EXP((-C0UNTER)*LN(10. 0)))

COUNTER : = 0;

END;

REALNUM := DECI+FRAC

END

ELSE REALNUM: »0. 0

(* PROC CHARREAL *)END;

PROCEDURE VDT;

TYPE VDTNAME = eVDT_REC;
VDT REC - PACKED ARRAY!0. . 41 OF CHAR;

SVCB = RECORD

CODE, LUNO, DUMYS, DUMYl, DUMY2, DUMY3

ZERO, DUMY4. FLAGS, ZEROl, ZER02

VDTNA

INTEGER;

INTEGER;

INTEGER: VDTNAME; ZEROS. ZER04

END;

VAR STID : BYTE;

SVCBK: SVCB;

BK : BTYPE;

SSTID : PACKED ARRAY!!. . 43 OF CHAR;

PROCEDURE SVC*(VAR B: SVCB): EXTERNAL;

BEGIN (* PROC VDT *)

STID:-STATIONID;

WITH SVCBK DO

BEGIN

NEW(VDTNA);

ZERO;-40000;

ZER02:-40000;

VDTNAe!03: -CHR(4);

VDTNAe!33:-CHR( STID DIV 10 + ORD('O') );

VDTNAe!43:-CHR( STID MOD 10 + ORD('O') );

CODE. -40000;

FLAGS: -40400;

ZEROS: -40000;

VDTNAe!13: - 'S';

LUNO: -49100;

ZEROl.-40000;

ZER04: -40000;

VDTNAe!23: ='T';

END;

SVC*(SVCBK);

INITSCREEN(BK, STID);

END (* PROC. VDT *);

STID: - SVCBK. LUNO-49100;
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PROCEDURE Openfil«Si
CONST startcoll » lOi

constfltn “ 20i

pathname : PACKED ARRAYC1. . constfItn+Pnamelen3 OF chari

startcol2 • 35i

VAR

PROCEDURE MakescKf: PACKED ARRAYCl. .?: OF char; n: Integer;

VAR * . »c i_string ) i
VAR i:integer;
BEGIN

sCOI:-CHR(n); FOR i:»l TO n DO sCII:-fCi:;

END;

PROCEDURE GETFNAME( F:FNAME; VAR S:SCI_STRINO);
CONST CONSTFNAME -

INTEGER;

UID, USERID : SCI_STRING;

. OUTFILE.

VAR I;

BEGIN

PATHNAME : « CONSTFNAME;

MAKESCK '*»UI 4, UID);

FOR I: -2

FOR I. »6

FOR I:-CONSTFLEN+1 TO CONSTFLEN+FNAMELEN DO

PATHNAMECII;-FCI-CONSTFLENI;

WRITELN(PATHNAME);

MAKESCI(PATHNAME. CONSTFLEN+FNAMELEN. S)

USER IDC01:-CHR(CONSTFLEN+FNAMELEN);

FIND»SYN(UID. USERID);

DO pathname:II:=USERIDCI-1];TO 4

TO 11 DO PATHNAMECn:-USERIDCI-SI;

END;

BEGIN (* OPENFILES *)

KEY*FILE(K_INIT. KEY. INICPART. K_SBK);
K_SBK. K_PATHNAME: - ' VOLl. RES. RES549. LIBFILE. LIB74 ';

KEY*FILE(K_OPEN. KEY. INICPART. K_SBK);
K SBK. K_KEY_NUMBER: =1;

DISPLAYCBK. 7. 5.

'Cl Enter a source key Filename to make all the output files'.80);

DISPLAYCBK. 8. 8. ' (eg; TESTMAP ) :'.80);
DISPLAYCBK. 9. 5.

'Cl Enter a title for your design(eg . Up-dou/n Octal Counter )'. 80);

DISPLAYCBK. 11.5.

'Cl Enter a filename to save net list (eg:NETMAP) :
DISPLAYCBK. 11. 68. 'NET'. 80);

DISPLAYCBK. 12. 5.

'Cl Enter a filename to save list of ma t er ia 1 (eg : LISTMAP ): '.80);

DISPLAYCBK. 12. 68, 'LIST', 80);

DISPLAYCBK, 13, 5,

'Cl Enter a filename to save check-list (eg:CHECKMAP) : ',80);

DISPLAYCBK, 13, 68. 'CHECK', 80);

DISPLAYCBK, 14, 5,

'Cl Enter a filename to save pin assignment 1ist(eg:PINMAP) : ',80);

DISPLAYCBK, 14, 68, 'PIN', 80);

',80);

CLEARWORDC FILENAME, FNAMELEN );

ACCEPTCBK, 8. 24, FILENAME, FNAMELEN, EM);

GETFNAME(FILENAME, SC ISTRI NO);

FOR I:-l TO CONSTFLEN+FNAMELEN DO

OK_SBK K_PATHNAMECI1: =SCISTRINGC11;
KEY»FILE(K_OPEN, OUTICPART CIRDES, OUTICPART, OK_SBK);
OK SBK. K_KEY NUMBER 1;

CLEARWORDC HALFLINE, HALF );

ACCEPTCBK, 10, 8, HALFLINE, HALF, EM);

CLEARWORDC FILENAME, FNAMELEN );

ACCEPTCBK, 11,68,FILENAME, FNAMELEN, EM);

GETFNAME(FILENAME, SC ISTRING);

SETSACNMCNFILE, SCISTRING);

DISPLAYCBK, 16, STARTCOLl, 'OUTPUT FILE PATHNAME :

DISPLAYCBK, 16, STARTC0L2, PATHNAME, 80);

REWRITECNFILE);

', 80);

CLEARWORDC FILENAME, FNAMELEN );

ACCEPTCBK, 12, 68. FILENAME, FNAMELEN, EM);

GETFNAME(FILENAME, SCISTRING);

SETSACNMCLFILE, SCISTRING);

DISPLAYCBK, 17, STARTCOLl, 'OUTPUT FILE PATHNAME :

DISPLAYCBK, 17,STARTC0L2, PATHNAME, 80);

REWRITECLFILE);

',80);

CLEARWORDC FILENAME, FNAMELEN );

ACCEPTCBK, 13, 68, FILENAME, FNAMELEN, EM);

GETFNAME(FILENAME, SCISTRING);
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SET*AC NM(C FILE.SC ISTRING >i

DISPLAY(BK, 18, STARTCOLl. 'OUTPUT FILE PATHNAME ;

DrSPLAY(BK, 18,STARTC0L2, PATHNAME, 80)i

REWRITE(CFILE)i

'.00 >;

CLEARWORD( FILENAME,FNAMELEN >i

ACCEPT(BK, 14,68.FILENAME, FNAMELEN, EM);

OETFNAMECFILENAME, SCISTRING);

SET»ACNM(SFILE, SC ISTRING);

DISPLAY(BK,19,STARTCOLl,'OUTPUT FILE PATHNAME :

DISPLAY(BK, 19,STARTC0L2,PATHNAME, 80);

REWRITE(SFILE);

',80);

DATE(KEY);

WRITELN(NFILE, '

WRITELN(NFILE, '

WRITELNCNFILE, '

WRITELN(NFILE,

');

HALFLINE, 'CREATED, UPDATED: ',KEY);

NET LIST

WRITELN(NFILE, '

WRITELNCNFILE,

'NET

WRITELN(NFILE,

'NAME

URITELN(NFIL£, dotttdlinc);

' )i

SOURCE DESTINATION PAGE REFERENCE' );

PIN PINS NO. ' >;

WRITELN(CFILE. '

WRITELN(CFILE. '

WRITELN(CFILE. '

WRITELN(CFILE,

');

', HALFLINE, 'CREATED. UPDATED; '.KEY);

');

CHECK LIST ');

WRITELN(CFILE, ' ');

WRITELN(CFILE,

'NET

WRITELNCCFILE,

'NAME

Chip_PIN 1C PAGE CHECK ');

No. NO. TYPE

WRITELN(CFILE, dottedline);

NO. DESCRIPTION ' );

WRITELN(LFILE, '

WRITELN(LFILE, '

WRITELN(LFILE, '

WRITELN(LFILE,

');

'.HALFLINE, 'CREATED, UPDATED: '.KEY);

');

LIST OF MATERIAL ' );

WRITELN(LFILE, ' ');

WRITELN(LFILE,

'ITEM PART

WRITELN<LFILE,

'NO. NO.

UNIT UNIT UNIT QTY TOTAL TOTAL TOTAL');

COST

URITELN(LFILE, dottedline);

AREA POWER AREA COST POWER');

WRITELN(SF1LE.'

WRITELN(SFILE, '

WRITELN(SFILE, '

WRITELN(SFILE,

');

', HALFLINE, 'CREATED, UPDATED: '.KEY);

');

PIN ASSIGNMENT LIST ');***********

WRITELN(SFILE, ' ');

WRITELN(SFILE,

'TYPE

WRITELN(SFILE, 'NO.

WRITELN(SF1LE.dotted Iin#)

END; (« Openfiles *)

Chip_PIN I/O NET
NO. NO.

PAGE

TYPE NAME

DESCRIPTION ');

NO. ' );

PROCEDURE Concatenate(first:string;second;char;VAR ksort:string9);
VAR

BEGIN

FDR i:-l TO 8 DO k sor t C i 3 :-f ir s t C i 3;

CASE second OF

i ; integer; (a concatenate two kegs in order «>

'N'

'C'

'0'

'I '

ksortC93:-'A'

ksortC93;»'B'

ksortC93:*'C '

k sort C93;«'D'

;

;

;

END;

END; (♦ Concatenate ♦)

PROCEDURE Readnet(VAR sigcount: integer );
(* read library, user input file, make netsignal records*)
VAR i.pincount : INTEGER;
BEGIN

OUTICPART. CIRDES :* '0000'; sigeount ;« 0;
KEY*FILE(K_READ_BY_KEY, OUTICPART. CIRDES, OUTICPART, OK_SBK);
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WHILE OK_SBK. K_SCaDE=0 DO
BEGIN

KEY*FILE(K READ_GREATER, OUTICPART. CIRDES, OUTICPART, OK_SBK)i

IF OK SBK. K_SC0DE=0 THEN
BEGIN

KEY*FILE(K_READ_BY_KEY, OUTICPART. NAME- INICPART, K_SBK );

CHARINC INICPART. SIZE-PINCOUNT )i

FOR I:-l TO PINCOUNT DO

BEGIN

SIGCOUNT: =SIGCOUNTi-l;

WITH NETSIONALCSIGCOUNTI DO

BEGIN

NAME

CIRDES :-OUTICPART. CIRDESi

SIZE INICPART. SIZE;

PAGE : » OUTICPART. PAGE;

Concaten«te(name-InoutClI.sortk««C»igcount3)i

ENDi (* WITH *>

(* FOR pincount *)
<* IF *)

(* WHILE *)

sortkegCsigcount+13;-'iiiiiiiii'i
END; (* Raadnat *)

INCHARd- ISTRING);

-INICPART. INOUTCIIi; -OUTICPART. SIGNAL! 13; INOUT

ICTYPE; -OUTICPART. NAME-

PINNUM:-ISTRING;

END;

END;

END;

<* axchange two kegs *)PROCEDURE Ksu;ap(VAR a-b ; str ing9);
c:stTing9;VAR

BEGIN

c:-a; a:-b; b;“c;

END;

PROCEDURE SuapIVAR a-b: t_signa1);
VAR c: t_signal;
BEGIN

c; -a; a: »b; b: =c;

END;

PROCEDURE Quicksort(louerbound - upperbound: integer);
keg:string9;VAR i- j: integer;

BEGIN (* Quicksort *)

IF louerbound < upperbound
BEGIN

THEN

i:-louerb ound;

j: -upperbound + 1;
Keg: -sortkegClowerbound3;
WHILE i < J DO

BEGIN

REPEAT i:-i+l UNTIL sortkegCi3>=Keg;

REPEAT UNTIL sortkegCj3<-Keg;

IF i < J THEN
BEGIN

Suiap (netsignalCi3-netsignal!j3);
Ksuiap (sortkegCil - sortkegljl);

END;

END;

Swap(netsignalllowerbound 3-netsignallj3);
Kswap(sortkegClowerbound3-sortkeg[j3);
Quicksort(1owerbound- j-1);

Quicksort(j+l-upperbound);
END

END; (* Quicksort *)

PROCEDURE Bubblesortilowerbound-upperbound:integer);
VAR integer;i-j-cpin-spin :
BEGIN

FOR i:-1owerbound TO upperbound-1 DO
BEGIN

FOR J:-upperbound DOWNTO i+1 DO
BEGIN

WITH netsignalCjI DO
BEGIN

IF ictgpe<netsignalCj-13. ictgpe THEN
Swap <netsignalCj3 - netslgnaICj-13);

IF ictgpe-netsigna1CJ-13.ictgpe THEN
BEGIN

IF cirdesCnetsigna1CJ-13. cirdes
THEN Swap(netsignalCj3-netsignalCj-13)
ELSE

IF cirdes-netsignalCJ-13. cirdes THEN
BEGIN
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Char in(pinnumicpin);
CharintnetsignalC j-n. pinnum. spinii
IF cpinCspin THEN

Suap(netsignalCJ3.netsignalCj-i3)i
ENOi

ENDi

(* with *)ENDi

END; (* douinto *)

ENDi (* opparbound *)
ENDi <* Procedure Bubblesort «)

PROCEDURE WritePilesi
(* Write net list and some of check-list.
CONST ERRO » ' C?lUnused or No signal name specified i^

' CxlSignal associated with onlg one pin'i

*)

ERRl »

ERR2 “ ' CxlNo driving source'i
ERRO » ' CxlNo destination specified'i
ERR4 > ' CxlSignal duplicated, multiple driving sources

i

MESQ « ' C?: 'i

MESO « ' CIINo internal connection'i
MESl - ' CJlOutput to the external device'i

' Cllinput from the external device'i
output ( s ), 3-state output(s))'i

MESN = ' 1!3'i

MESS -

MESO • ' (Open collector
blank2='

i, p incount, small, current, nc signal, countc: integer
i

UAR

BEGIN

of no internal connection pins and
not have a net name.

(* Count no.

pins uhich does
nc signal:=Oi
FOR I:=l TO SIOCOUNT DO

BEGIN

WITH NETSIGNALCn DO

BEGIN

IF INOUTC13»'N' THEN NCSIONAL:-NCSIGNAL+li
IF name=' GND 'OR name-' Vcc ' THEN ONDVCC:-GNDVCC

+ 1,

IF NAME « BLANK THEN BLANKS IGNAL:-BLANKSIGNAL+1 i

*)

blanksignal:-Oignd VC c : -Oi

ENDi

ENDi
*)

bg circuit designator and pin no.'blank ' net name(* Sort

FOR I:-NCSIGNAL+1 TO GNDVCC-1 DO
BEGIN

SMALL.-li

FOR CURRENT:-! TO GNDVCC DO
BEGIN

IF ( NETSIGNALCCURRENT3. CIRDESCNETSIGNALCSMALL:. CIRDES ) OR

netsignalccurrent:. cirdes-netsignalcsmalli. cirdes and

NETS IGNAL CCURRENTI.PINNUM<NETSIGNAL C SMALL 3 PINNUM ) THEN

SMALL :- CURRENT

(

ENDi

SiDap<netsignalCsmall3, netsignalCi3)i
ENDi (* NCSIGNAL+1 *)

internal connection *)list pins with no(* Start writing check-list ,
FOR I:=l TO NCSIGNAL DO

BEGIN

WITH NETSIGNALCI3 DO

BEGIN

WRITE(CFILE, NAME, '

IF i-1 THEN WRITELNCCFILE, MESO)
ENDi (* WITH *)

ENDi <* FOR NCSIGNAL *)
WRITELNCCFILE, ' ')i

GND pins *)

', page)i■ ', ICTYPE, '

ELSE WRITELNCCFILE, MESN)i
'.CIRDES, PINNUM, '

(* List Vcc,

FOR I;-NCSIGNAL+1 TO BLANKSIGNAL DO
BEGIN

WITH NETSIGNALCI3 DO

IF I-NCSIGNAL+l OR NETSIGNALCI-13. CIRDESOCIRDES THEN
WRITELNCCFILE,

NAME, '
'.PAGE, ERRO)i', ICTYPE, ''. CIRDES, '-', PINNUM, '

IF NETSIGNALCI-13. CIRDES-CIRDES THEN WRITELN(CFILE,
NAME,' ', ' PINNUM, ' '. MES(

ENDi

ENDi

WRITELN(CFILE, ' ')i

FOR I:- BLANKSIONAL+1 TO BLANKSIONAL+GNDVCC DO
BEGIN

WITH NETSIGNALCI3 DO

BEGIN

FOR I .-l TO WORDLEN-2 DO NAME!I 3:-NAMECI+23 i
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IF NAMEONETSIONALII-n . NAME THEN WR ITE( CFILE. NAME )

ELSE WRITECCFILE. '

ICTYPE, '

' )i

PACE, MESN)CIRDES, PINNUM, 'WRITELN(CFILE, '

ENDi

END;

WRITELN(CFILE. ' ');

countc: «0i

FOR I:=BLANKSieNAL+ONDVCC+l TO SIGCOUNT DO

BEGIN

WITH NETSIGNALCn DO

BEGIN

IF NAMECi:-'*' OR NAME!11-'8' THEN

BEGIN

CASE INOUTCII OF

'O': WRITELN(NFILE,

NAME, ' '.PAGE, MESl )i'.CIRDES, '-'.PINNUM, '

'C': BEGIN

'.CIRDES, '-'.PINNUM,WRITELN(NFILE, NAME, '

', PAGE, MESl )i

WRITELN(NFILE, blank2, MES3),'

ENDi

'I ': WRITELN(NFILE,

NAME, '

ENDi (< CASE •)

', PAGE, MES2)i', CIRDES, '-'.PINNUM, '

END

ELSE

IF NETSIGNALCI-13. NAME-NAME DR NETSIGNALCI+ 13. NAME-NAME THEN

BEGIN

IF INOUTC13='C' THEN

BEGIN

IF NETSIGNALCI + 13. NAME-NAME THEN

BEGIN

IF NETSIGNALCI+13 INOUTCl3='C' THEN

countc:-COuntc+li

IF NETSIGNALCI + 13. INOUTC13-'I' THEN

BEGIN

FOR J:-countc DOWNTO O DO

BEGIN

IF J-countc THEN

WRITELNCNFILE, NAME, '

NETSIGNALCI-J3. PINNUM, '

NETSIGNALCI-J3. PAGE, MES3)

', NETSIGNALCI-J3. CIRDES, '-'

ELSE

', NETSIGNALCI-J3. CIRDES,WRITELN(NFILE, '

'-', NETSIGNALCI-J3. PINNUM,

', NETSIGNALCI-J3. PAGE, MESN)

ENDi

countc:—0

ENDi

ENDi <* INOUT-C , CI+13NAME-NAME *)

IF (NETSIGNALCI + 13. NAME-NAME AND NETSIGNALCI + l3. INOUTC13='0')

OR (NETSIGNALCI + 13. NAMEONAME) THEN

BEGIN

FOR J:-countc DOWNTO 0 DO

BEGIN

WRITELN(CFILE, NAME, '

NETSIGNALCI-J3. PINNUM, '

NETSIGNALC I-J3. PAGE, ERR4)i

WRITELN(CFILE, blank2, ERR3)i WRITELN(CFILE,blank2, mes3)

', NETSIGNALC I-J3. CIRDES, '-'

', ICTYPE, ' ',

ENDi

countc:-0

ENDi

END (* INOUT-C *)

ELSE

BEGIN

IF INOUTCl3-'0' THEN

BEGIN

IF NETSIGNALCI + 13. INOUTCnO'I ' OR

NETS IGNAL C I +1 3 . NAMEONAME OR

NETSIGNALC1-13. INOUTC13='C'

BEGIN

WRITELN(CFILE,

'.CIRDES. '-'.PINNUM, '

WRITELN(CFILE, blank2, arr3)

(* INOUTOC *)

THEN

'.PAGE, ERR4)i', ICTYPE, 'NAME, '

END

ELSE

'.CIRDES. '-'.PINNUM)WRITE(NFILE, NAME, '

ENDi
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IF INaUTCi:='I' THEN

BEGIN

IF NETSIGNALCI-II. NAME=NAME THEN
BEGIN

IF NETSIGNALCI-n. INOUTC 11- ' THEN
WRITELN(NFILE,

' CIRDES. PINNUM. '

IF(NETSIGNALCI-i:. INOUTCII-'I' OR
NETSIGNALCI-II. INOUTCII-'C') THEN
WRITELN(NFILE. '

PAGE, MESN)i

PAGE, MEBN)CIRDES, PINNUM, '

END

ELSE

WRITELN<CFILE

NAME,'

END; <* INOUT-I *)

END; (* SMALL ELSE , INOUTO C *)

', ICTYPE, ' ',PAGE,ERR2)', CIRDES, PINNUM, '

END

ELSE

BEGIN

WRITELNICFILE,name,'

' ', page, errl )•
CASE INOUTCII OF

'I': WRITELN(CFILE, err2)i

ENDi (* CASE *)

(* LARGEST ELSE *)

', ictgpe', cirdes, pinnom, '
WRITECCFILE, blank2)i

WRITELN(CFILE, err3)i'O' 'C':

END;

END; (* WITH *)

(* SIGCOUNTER *)

(* PROC WRITEFILES *)
END;

END;

PROCEDURE Materiallist;

(* Write the list of material *)
VAR INTEGER;I, U, CHIPCOUNT, UNIT :

TCOST, TAREA, TPWER, UCOST, UAREA, UPWER, SCOST, SAREA, SPWER: REAL;

CHIPLIST ; ARRAYCl. . MAXNOCHIP + II OF STRING4;

PROCEDURE Writeline( LINE: HALF_LINE );
VAR count ; integer;

BEGIN (* Writeline *)

c ount : « O;

REPEAT

count := count+1;

UNTIL(LINE!countI='

WRITE( LFILE, ' : ' )

END; <* Writeline *)

WRITE(LFILE,LINE!count I);

' AND LINECcount + 11-' ') OR (count»HALF);

BEGIN

FOR I:=l TO SIGCOUNT+1 DO

BEGIN

WITH NETSIGNALCII DO

BEGIN

IF 1=1 THEN

BEGIN

J: =1;

KEY»FILE<K_READ_BY_KEY, ICTYPE, INI CPART,K_BBK);
WRITELNCSFILE, ICTYPE, ' ', CIRDES, PINNUM, '

NAME,' ',PAGE, '

CHARREAL( INICPART. AREA, UAREA);

CHARREAL( INICPART. COST, UCOST);
CHARREAL( INICPART. TYPCUR, UPWER);
TAREA : = UAREA;

TCOST := UCOST

CHIPLISTCUNITI.=CIRDES;CHIPCOUNT: =0;UNIT:=1;

', INOUT, '

', INICPART. REFER);

SAREA: -UAREA;

SCOST: -UCOST;

SPWER: -UPWER;

TPWER: -UPWER;

END

ELSE

BEGIN

IF CIRDES=NETSIGNALCI-n. CIRDES THEN
WRITELN(SFILE, ' ', INOUT, '-', PINNUM, '

NAME,' ',PACE)

ELSE

BEGIN

CHIPCOUNT:-CHIPCOUNT+1;

IF ICTYPE-NETSIGNALCI-II. ICTYPE THEN
BEGIN

WRITELNCSFILE, ICTYPE, '

INOUT,'

UNIT: =UNIT+1;

SAREA:-SAREA+UAREA

SCOST:-SCOST+UCOST

SPWER:=SPWER+UPWER

', CIRDES, PINNUM, '

', INICPART. REFER );

CHIPLISTCUNITI: -CIRDES;

TAREA:-TAREA+UAREA;

TCOST: -TCOST+UCOST;

TPWER: -TPWER+UPWER

',NAME, ' ',PAGE, '
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END

ELSE

BEGIN

WRITELNCLFILE- J: 2, '

UCOST: 7: 3. UPWER: 7: 3. UNIT: 3, '

SCOST: 7: 3. SPWER: 7: 3)i

WRITE( LFILE, ' ')i

FOR K:-l TO UNIT DO

WRITE( LFILE, CHIPLISTCKI. ' ');

NETSIGNALCI-II. ICTYPE, UAREA: 7: 3,

SAREA; 7: 3.

WRITELINEC INICPART. REFER );

WRITELNC LFILE- ' ')i

UNIT:»1 i

IF IOSIGCOUNT+1 THEN

BEGIN

KEYSFILE(K_READ_BY_KEY, ICTYPE, INICPART, K_SBK)i
WRITELN(SFILE- ICTYPE, ' ', CIRDES, - PINNUM, '

', INICPART. REFER);

SAREA:-UAREA;

SCOST: -UCOST;

CHIPLISTCUNITI:-CIRDES;J: -J+li

INOUT,'

CHARREALCINICPART. AREA, UAREA);

CHARREALt INICPART. COST, UCOST);

CHARREAL(INICPART. TYPCUR, UPWER); SPUER: -UPWER

TAREA

TCOST

TPWER

'-NAME,' '-PAGE,'

- TAREA+UAREA

- TCOST+UCOST

- TPWER+UPWER

END;

WRITELNCLFILE, ' ');

END;

END;

END; (* lOl *)

END; (* WITH *)

END;

WRITELN(LFILE, dotted 1ine);

WRITELNCLFILE, 'Total number of chips

WRITELN(LFILE- 'Total area occupied
WRITELN(LFILE- 'Total cost estimated

WRITELNtLFILE, 'Total power dissipation
END; (* Materiallist *)

'- CHIPCOUNT. 3);

', TAREA: 7: 3, ' Sq. inch ' );
', TCOST: 7: 3, ' Dollars ');

', TPWER: 7:3,' mW ');

PROCEDURE Closefiles;

CONST notel - ' NOTE

note2 - 'C!1

notes = '[?!

note4 = '1x3

OK , NOT AN ERROR';

ARE YOU SURE? - A POSSIBLE ERROR';

FATAL ERROR';

BEGIN

WRITELNCNFILE, '

WRITELN(NFILE- notel);

WRITELN(NFILE, note3);

CLOSE(NFILE);

WRITELN(CFILE, '

WRITELN(CFILE, notel);

WRITELNCCFILE, note3);

CLOSE(CFILE);

CLOSE(LFILE);

KEY*FILE(K_CLOSE. KEY, INICPART, K_SBK);
KEY*FILE(K_CLOSE, KEY, OUTICPART, OK_SBK);
KEYSFILECK TERM, KEY, INICPART, K_SBK);

END; . <* PROC CLOSEFILES *)

WRITELNINFILE, dottedline);

WRITELN(NFILE, note2);

WR1TELN(NFILE, note4);

WRITELN(LFILE, dottedline);

WRITELN(CFILE,dottedline);

WRITELN<CFILE, note2);

WRITELN(CFILE- note4);

WRITELN(SFILE, dottedline);

CLDSE(SFILE);

');

' );

BEGIN (• MAIN PROGRAM «)

VDT;

Openfilet;

Readnet(sigcount);

Quicktort(l,sigcount);
Writefiles;

Bubblesort(l,sigcount);
Materiallist;

Closefiles;

END.
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