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ABSTRACT

The development of a 'C' language program named LOGDESIGN, which generates a circuit
diagram from a list of components is described. The component list, called a net-list, is supplied
by the user interactively using the keyboard. Once a net-list is read, the software package
manipulates the information and generates the logic diagram on the screen. The package
makes some logical decisions about the best placement of modules to enhance clarity. The
program operates on the HP-9000 series computer. It employs the HP-9000 advanced
graphics package to take care of all graphics tasks. A detailed software development discussion

is included along with the source code for future extensions on the project.
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CHAPTER 1

INTRODUCTION

Logic diagrams are one of the most efficient ways to represent digital systems. These
pictorial representations may be drawn as a system level block diagram or as a detailed circuit
diagram [1]. Such diagrams are necessary to understand the operation of a digital system from a
conceptual and an applicatons point of view. Although the standard logic symbols used in
schematics are universal, there are many design criteria which may be implemented to
represent a logic diagram.

The preparation of logic diagrams has always been a very tedious and time consuming
effort when performed manually. With the increasing use of LSI and VLSI [2] circuits, the
number of circuit components in a diagram has increased dramatically. So, automated
procedures to generate circuit diagrams have become desirable.

A software package for the automatic generation of schematic diagrams can be very
useful in the area of computer aided design (CAD). Schematics may be produced at various
levels during the process of synthesizing a detailed circuit design from a high level description
[3]. This circuit diagram provides sufficient information to the circuit designer to have at least a
conceptual idea of the workings of the circuit. This thesis describes the development of a CAD
software package to generate schematic diagrams from an user supplied net-list, i.e., list of
components .

A study of other research work in the area of logic diagram generation is presented in
Chapter 2. A brief overview of the different techniques are also discussed. Algorithm

development and problem overview are explained in Chapter 3. The different design criteria
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are also discussed. Chapter 4 presents the software development on the HP 9000. A brief
discusson of all the function modules is included. A typical session with LOGDESIGN is
presented in Chapter 5 to illustrate the steps involved in generating logic diagrams. Chapter 6
contains some examples of circuits generated by LOGDESIGN. Some test resuits are included
also. Chapter 7 summarizes the work and gives some conclusions. Limitations of LOGDESIGN
and future improvements are also discussed. For future expansion of the modules, a source

code for the modules is listed in the Appendix.



CHAPTER 2

RELATED WORK IN LOGIC DIAGRAM GENERATION

Several researchers have designed different processes in order to develop
schematic diagram generators. Although the primary focus in the electronic industry has been
directed toward the physical layout of PC boards, the objectives for PC board layout and logic
diagram generation are quite distinct. The main objective of PC board layout is to minimize the
length of interconnections or the number of wires or the area of the layout. On the other hand,
for logic diagrams the main objective is to have a diagram which illustrates the operation of the
circuit clearly. In other words, the user should be able to follow the flow of the circuit easily and
quickly without being distracted by a maze of blocks and lines. A brief discussion of two

schematic diagram generators is given below.

2-1. The ALDGS system

The ALDGS system is an experimental logic diagram generator. It was developed at
the University of Waterloo and used FORTRAN as its carrier language. It takes a
pseudo-boolean input description of a logic circuit and generates a logic diagram{1]. The
program does four operations simultaneously in order to achieve this. The operations are:
a) Parsing

This section of the program acquires the circuit description from the user. The desired
logic diagram size of each logic element is also supplied. Once a basic symbol is defined, it is
stored in a library. For different size diagrams, the drawing area differs in size, as does the size

of each component. The number of components that can be placed on a page is dependent
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upon the user specification of full-size or reduced drawings. The ALDGS offers the optioh of
storing signal names and component data.
b)_Partitioni | Pl I

In ALDGS, a placement of a particular module is sought so that the logic flows from left
to right and reversed connections are minimized [1]. Once a module is selected for placement,
the objective is to place the module to the right or to the left of a preferred neighbor module. In
this way, signal tiow is maintained from left to right. The selected module chooses a "preferred
neighbor" which is the rightmost source or the leftmost sink module. A grid location is selected
based on the preferred neighbor grid location. If the chosen grid location is already taken, the
module selects a secondary preferred neighbor and tries to find a grid location corresponding
to the secondary neighbor. The process continues until an empty grid location is found. Once
that is done, the module is placed in the location and the program returns to select a second
candidate module. If all the grids available on a page are occupied, the system creates another
page and starts the process of laying out the unplaced modules. The process continues until
all the modules are placed and the drawing is complete.
c)_Components Placement Refinement

Once all the modules are placed and the initial drawing is done, a placement
refinement algorithm takes over. Now the objective is to place the highly connected modules
as close as possible and minimize the interconnection length [1]. This is completed by vertical
and horizontal shifting of modules for placement refinement. Pin assignments and signal name
assignments are also done at this time.
d)_Bouting

The ALDGS system employs a channel router to accomplish routing [4]. To minimize
wire bends, the router examines each connection and, on the basis of the connection end

points, assigns it a connection class. The connections are then broken down into horizontal
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and vertical segments. These segments are processed to minimize wire crossings.

The ALDGS system implements most of the design goals of logic diagram generation
in a very eftective manner. It produces clear and legible diagrams. The page breaking feature
makes complex circuit design possible. The authors did not mention the time required for

generating such diagrams.

2:2. CAD system of lIT

An automatic schematic diagram generator was developed at the Indian Institute of
Technology, Delhi. This package was written in PASCAL and runs on the HP 1000 machine.
Input to the schematic generator is a design in structural form, which essentially specifies a set
of modules and the interconnections between them [3]. A database contains the graphical
information about each module. The input design specifications are given in terms of the
following factors:

- a set of modules

- a set of nets

- a set of terminais for each module

- the direction of each terminal; in, out or bi-directional

- terminal orientation; fixed, movable, or semi-movable
Once a circuit is defined, the circuit diagram is drawn in two phases. The first phase, called the
logical phase [3], begins with the identification of the nets and how they may be laid out. Then
modules are placed logically with the same design criteria in mind. Routing is added to
complete a rough sketch. The geometric phase [3] is a refinement of what was done earlier. A
detailed description follows.
a) Logical Phase

First the bus nets [3] are analyzed and a decision is made about their layout. The goal
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is to have left to right signal flow. If signal loops (i.e. , feedback paths) are present, the nets
containing them are set aside to be dealt with later. The next step is to determine a logical
placement of the modules. Once a module is selected for placement, it is assigned a location
such the bus nets selected in the earlier step have signal flow from left to right. Routing
channels are set aside while placing the modules. A channel router is used to accomplish
routing.
b)_Geometric Phase

The geometrical phase is a schematic refinement step. This step executes
manipulations in order to achieve the optimum circuit design. The grids are now transformed to
uniform sizes, with each slot being large enough to hold the largest module. The objective
now is to minimize interconnection length between modules. If more than one module may be
accomodated in one slot, it is done. After placement is redone, routing is invoked once more.
The goal now is to minimize wire crossings. A channel router algorithm is employed for the
second time. After routing, terminals are put on modules such that neighboring module
connections will be on a straight line. The last operation which is performed is compaction [3].
Now, neighboring modules and bus nets are moved closer together without allowing any
overlapping. The result is a much more concise drawing which is aesthetically beautiful.

The schematic diagram generator developed at IIT accomplishes most of the goals of
schematic diagram generation. The placement improvement algorithm in the geometric phase
is extremely effective in making the drawings clear. However it has no option to include signal

names and can operate only on one page schematics.



CHAPTER 3

ALGORITHM DEVELOPMENT

There are many design constraints that should be taken into consideration while
developing a schematic diagram generator. As observed in chapter two, the rhost important
aspect of a logic diagram is clarity. The following is a list of design considerations which
LOGDESIGN attempted to address.

a) Clarity: To get a graphics output which represents the circuit information clearly is
the main design objective of LOGDESIGN. In order to accomplish that, the software package
goes through an algorithm which determines the placement for each module. A formatted
output is generated. Once a slot location is assigned to a module, it is drawn in the slot. The
size of each module depends on the number of pins the module has. For a module with a large
number of pins, a large one is drawn.

To enhance clarity, a left to right signal flow is desired. A placement algorithm is
included which improves the spatial layout of modules on the sheet. The algorithm executes
several routines in order to achieve optimal placement of the modules. The goal is to place the
heavily connected modules close together without giving up left to right signal flow. The
placement routine utilizes the seeded [5] placement technique .

b) User Friendliness: The data entry to the package is made as user friendly as
possible. At time of data entry, the package prompts the user for input. The instructions are
fairly simple to follow.

¢) Portability: The software package LOGDESIGN was developed using the 'C’

programming language with portability in mind. Almost all of the main program and all but one of
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the function modules are machine independent. The function which draws the circuit modules
on the screen utilizing the HP 9000 graphics package is the only instance in which commands
specific to the HP 9000 machine have been used. A portion of the main program which calls
this function also uses HP commands.

d) Future Enhancement: To have room for future additions and corrections to the
package, it was designed employing the structured programming approach. All the different
tasks are broken into several functions. In the future, if any changes are to be made or extra
features added, the application programmer may make the changes to a function or add
independent functions without affecting the existing program.

With these design goals in mind, the algorithm for LOGDESIGN was developed. The
development process may be divided into three distinct parts. A discussion about each section
is given below.

i) Data Input

Data entry to LOGDESIGN is done on the HP 9000 terminal. During the running of the
program, the user is prompted for the different types of input, i.e., module names, connection
details, connection quantity, etcetera. The details are discussed in chapter five (sample
session). Correct data entry is a requirement for the proper usage of LOGDESIGN.

i) Module Selection For Placement

The placement algorithm for LOGDESIGN is the key to a clear circuit diagram. The
algorithm employs the "seed" placement algorithm similar to the one employed by the MIMOLA
software package developed by Honeywell [5]. The module which has the most connections to
other modules is selected first as the "initial seed ". The other modules are then selected one
by one based on their connectivity to the initial seed. These modules attempt to build a cluster
around the selected module.

During the development of LOGDESIGN, the order of module selection was
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determined by the weight of connectivity of modules. The sequence of modules selected for

placement is a logical decision based upon the notion of how "strongly" [6] unplaced modules
are bound to the modules already placed. Let us define some terminology which will be used to

develop the placement algorithm.

S the weight (number of modules) associated with pin number
"a" of module

k total number of modules in system ( maximum 9)

i module selected for placement

j teration cycle

A set of modules selected after jth iteration

B set of modules not selected after j th iteration

ip input pin number

op output pin number

The initial seed is determined by taking the summation of the modules connected to
all the output pins of each module and then choosing the maximum. We denote the total
number of modules connected to module | by

S, forali

P () = 0, forallop=0 (Eg. 3-1)

The summation value matrix is called the P matrix.

After the formation of the P matrix (Eq. 3-1), the next step is to determine the
maximum entry in the matrix. The program sorts each value to find the maximum. In case of a tie,
the first module with the maximum P matrix entry is chosen arbitrarily. The module chosen is the

initial seed. The seed module will be placed on the middle of the drawing area and all the other
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modules will be placed to build a cluster around it.

Once the selection and placement of the first module is complete, the selection of the
next module depends upon its connectivity to the initial module. The algorithm tries to find the
measure of connectivity between modules which are placed and the ones which are unplaced.
Before a new module "I" is selected for placement, a number F(l) is selected for each of the
unplaced modules. If ¢ is the number of connections between unplaced module "1" and

placed module p, then we have

c where | not equalto p

Fi) = 0, where | equal p (Eq.3-2)

Once the computation of the F list for each module is complete, the task now is to find
the maximum entry, The module with the maximum F list value will be the next module selected
for placement. To resolve a tie situation, LOGDESIGN takes the modules with the maximum F
list values and sorts their P lists (Eq. 3 - 1) values to compute a maximum. if a tie situation still*+
persists, module selection is done arbitrarily. After the selection of the second module, the
program selects another unplaced module. This time the F list (Eq. 3 - 2) is formed with respect
to both placed modules. The algorithm applied is the same as before. The selection process is
determined using the same algorithm applied earlier. The process iterates until all the modules
are selected for placement. For a system of eight modules, in addition to the initial seed
module, six iterations are required.
iii)_Slot Selection on Screen

The display area on the screen is divided into nine distinct slots. The space separating
each slot is the same as the width of a module. This allows for adequate routing space for
interconnections.

Once a module is selected for placement, LOGDESIGN proceeds to classify it as one
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of three types. The first type is called the "Global input" type. A global input module may be
defined as the source module {0 the schematics from an outside circuit. It may also be defined
as the input module to the circuit from an external environment. If the module selected is of the
global input type, LOGDESIGN proceeds to place it to the leftmost slot available to insure left to
right signal flow. A "Global QOutput" module is the opposite of a global input type. It is the type of
module which has only output connections to the external environment. All its output
connections are to devices outside the schematic created by LOGDESIGN. Figure 1 explains
graphically the different types of modules. The goal of LOGDESIGN now is to place a global
output module to the rightmost location possibie to insure left to right signal flow.

When a module is identified as neither the Global Input nor the Global Qutput type, it is
defined as a general type module. The algorithm used to find a slot location for this type of
module is quite different from what was employed earlier. Now the slot location of the unplaced
module depends upon the location of its "preferred neighbor". The "preferred neighbor"
module is the unplaced module which has the maximum number of connections with a placed
module . If a preferred neighbor module exists, LOGDESIGN tries to determine whether the
selected unplaced module is a source or a sink to the preferred neighbor module. If it is a
source, LOGDESIGN searches to find an empty slot to the left of the preferred neighbor. For a
sink, the search is to the right. If no empty module is available, an arbitrary search is initiated to
find the first empty slot.

After a module is assigned a slot, the program selects another module for placement.
This selection procedure was discussed earlier. It then proceeds to select a slot location for the
module. The process continues until all the modules are placed. The last step is the graphics
phase, in which the modules are drawn on the screen in their respective slot locations. Figure

2 gives the flowchart of the main program of LOGDESIGN.
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*** - Type Global Output module

Figure 1. Examples of Module Types
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CHAPTER 4

SOFTWARE DEVELOPMENT

The software package LOGDESIGN is designed using the 'C' programming language,
since 'C' is highly portable. Also ‘C' allows the applications programmer to design software
using structured programming techniques [7]. A large program may be broken down into
several distinct modules. This gives the main program the option to cail on an individual
function when it needs to use it. If an error occurs, it is limited to that function only and the other
modules remain unaffected. Modular design makes the task of debugging program flow simple.

The different data structures employed by LOGDESIGN are included in the header file
“local2.h". Data for each individual module is stored as a structure [7] . A variable of type
structure may be defined as a group of variables stored as one. This is an attribute of the 'C'
language. This type of variable is used to store different information about the same variable
together. Hence they may be accessed one at a time and the total number of variables is
reduced in the system.

Given below is a detailed description of each of the function modules. Their source
codes are listed in the appendix.

a) function mod_numb()

This function prompts the user for the total number of modules in the system. Once it
is entered, The value is returned to the invocation environment. The program then clears the
standard input buffer [7]. Figure 3 shows the flowchart of these operations.

b) tunction read_info()

The function gets the name of a module and the input and output pin quantity. A

variable of type structure module is passed to the function to store the information. There is no

retumn value. Figure 4 shows the flowchart of these operations.

16



prompt user for
module quan

Flush VO buffer

return value

Figure 3. Function mod_numb()
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Figure 4. Function read_info()
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c)function read connection()

This function gets the net-list of the system from the user. For each output pin (load
pin), it prompts the user for the number of modules it is connected to, the names of the
connected modules and the signal names associated with them.

The function accepts as an input the chip type module, the module number and an
array to store the quantity of modules that are connected to. Figure 5 contains the flowchart.
d){unction Get_slot()

Function Get_slot() determines the slot location on the screen for each grid. it stores
the x and y coordinate values in a structure of type slot1. There are nine slots for module
placement on the screen. Figure 6 gives a flowchart of these operations.
e)function sum()

The function is used to find the summation of the number of modules each chip is
connected to on the load side. This value is used later to choose the initial module for
placement. Ties are also resolved using this value. An array is passed to the function which
stores the computed value for each module. Figure 7 depicts the flowchart.

) function sort()

This function determines the first module to be chosen. This sorts the values
calculated earlier by the sum() function (P_matrix) and tries to locate the maximum. In case of a
tie, module selection is arbitrary. The module chosen is the initial seed. Figure 8 is a flowchart
of this operation.
g)function placing()

The function placing() keeps track of the modules that are placed. When called upon
by the main program, it checks a matrix with the placement information for each module and
returns a zero (0) value for a placed matrix and a one (1) value for an unplaced one. Figure 9 is

a flowchart of this operation.
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Figure 9. . Function Placing()
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h) function connection matrix()

This function computes a matrix from the interconnection between the different
modules called the connection matrix. This matrix is the primary source where all the decision
about placement and slot selection are based. For N number of modules a N x N matrix is
formed. The function also generates a matrix called the output matrix which is used in the
preferred neighbor algorithm. Figure 10 gives a flowchart of the function.

i) function F_list()

This function determines the F_list (Eq. 3.2) for module selection. It accepts as an
input the connection matrix and determines the F_list entry for each unplaced module. Figure
11 gives the flow diagram of these operations.
j)function F list max()

This function module is used to find the module with the biggest F_list value. In case a
tie exists, an unplaced module is chosen by referring back to the P_list computed before. The
module with the larger P_ list value is chosen. Figure 12 gives the flow diagram.

K)_funct h_qil) h_gi 20 I ) I 20

These functions implement the search algorithms to find empty slot locations for
global input and output modules. The functions with the _2 extensions employ the same
algorithm, but give the secondary choice of slot locations. Once an empty slot location is
found, it is returned to the calling environment. Figure 13 gives the flowchart of operations of
function search_gi(). The other functions implement a similar search algorithm.

.functi lobal_input() and global_output(

These two functions determine the classification of a module, whether it is a
global_input or a global_output module. The type is determined by manipulating the output
matrix. If either case is true a one(1) value is returned. Otherwise a zero(0) is returned to

indicate it is a regular module. Figure 14 gives the flowchart.

25




matrix ¢, o, w * function variables
module m,

ij, k

var |, '

char array q * local variables

k <- module quantity
i ! \ T

<= X

end
q <- connected

imodule name

fncrem C matrix

increm o matrix

Figure 10. Function connection_matrix ( )

26



matrix Pl, i

matrix s

end

increm i

increm i

store in s

increm

®

* function variables

* local variables

iterate |

Figure 11. Function F_list ()
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Figure 13. Function search_gi( )
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m)_function prefer_neigh()

The function is used to find the preferred neighbour for a selected module. The
prefer neighbour selection is critical because the module placement is determined by it. The
function attempts to find a slot location for the selected module . The choice is to find a location
next to the preferred neighbour. If it is successful, the slot location is returned. Otherwise the
module is placed in the first empty slot. Figure 15 gives the flowchart of this operation.

n) function draw _box2()

This function employs the HP 3000 Advanced Graphics Package [8] to draw each
module on the screen. The function draws each module based on their pin quantity. It uses
some commands specific to the HP. To transfer LOGDESIGN in a different machine , this
function have to be modified to exclude the commands of the graphics package. Figure 16

gives the flowchart.

31



matrix o, ¢
m

ice 0
j< o

j <= module
quan

** function var

* local var

search ¢ matr for
max entry

tempt <- temp

temp <- slot
location femp <- max

increm j

find empty slot to é

right of temp

‘ return siot >

find empty slot
to left of temp

( return slot )

Isave[m] <- max

fncrem m

choose arbitra
slot location

Figure 15. Function Prefer_neighbor( )

32



©,

module m,
q <- slotnumb

* function var

XX, yy

* local var

XX <- slot q, x ;i

yy <-slotq,y
coord

move cursor to
XX, yy

write module nam

move cursor to
fop right

draw right side

draw bottom

draw left side

draw top of box

33

Figure 16. Function draw_box2( )




CHAPTER 5

A SAMPLE SESSION

To demonstrate a session with LOGDESIGN, a simple circuit is chosen. The circuit has

four modules. The net-list is given below:

quan Qan module

a 2 3 1 c ac 1
2 c ac 2
3 b ab_3

b 2 3 1 d bd_1
2 d bd_2
3 d bd_3

c 2 3 1 co_1
2 co_ 2
3 co_ 3

d 2 2 1 do_1
2 do

The signal names associated with the source pins are as follows:

module a:
source pin num: 1 signal name: at
source pin num: 2 signal name: a2
module b:
source pin num; 1 signal name: ab3
source pin num: 2 signal name: b2

34



module ¢;
source pin num: 1
source pin num: 2
module d:
source pin num: 1

source pin hum: 2

signal name: ac_1

signalname: ac 2

signal name: bd_1

signalname: bd 2

To generate the logic diagram from this net-list employing LOGDESIGN, a step by step

approach is given below:

note: The boldfaced letters are what the user has to type in. The dollar($) sign denotes the HP

prompt. Hit enter (return key) after data input is done.

STEP1
To initiate LOGDESIGN type:
$ JLOGDESIGN
STEP2
$ enter total number of modules in system: 4
$ enter chipname(string) & hit return a
$ enter number of input pins (int) & hit return 2
$ enter number of output pins (int) & hit return 3
$ enter chipname(string) & hit retum b
$ enter number of input pins (int) & hit retum 2

$ enter number of output pins (int) & hit retum 3

AAAA LA A A a a2t 2T 2T YTy
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$ enter chipname(string) & hit retum ¢

$ enter number of input pins (int) & hit retum 2
$ enter number of output pins (int) & hit return 3
$ enter chipname(string) & hit return  d

$ enter number of input pins (int) & hit return 2

$ enter number of output pins (int) & hit return 3

ARARRARRAAE A AANARANS AR AR d R h bR dd ik

L2 222223 input pin info module a..‘.’ti"’."'
$ enter signal name of pin 1: at

$ enter signal name of pin 2: a2

Ahhhhdd inpUt pin info rﬂOdUle btﬁii"tt.t.ii
$ enter signal name of pin1: ab_3

$ enter signal name of pin2: b2

whhhhdd input pin info module c'ﬁi."tiﬁtt'tl
$ enter signal name of pin1:  ac_1

$ enter signal name of pin 2: ac_2

212211} input pin info mdule d'ttttiiittf't
$ enter signal name of pin 1:  bd_1

$ enter signal name of pin2:  bd_2

e i 22l l] Output pin info module a wRAAhA Rk Ak Ahd
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$ enter quantity of modules pin 1 is connected to:

1

*** note: DO NOT leave any space between the chipname and signal

name, the comma(,) is the separator *********

$ enter connected chipname(string) acomma (',) signal name ( string) and hit enter:

c,ac_1

$ enter quantity of modules pin 2 is connected to:

$ enter connected chipname(string) a comma (',

$ enter quantity of modules pin 3 is connected to:

1
signal name ( string) and hit enter:

1

c,ac_2

$ enter connected chipname(string) a comma (') signal name ( string) and hit enter:

b,ab_3

Rk hRdd output pin info rmdule b AR RN EAA A

$ enter quantity of modules pin 1 is connected to:

1

$ enter connected chipname(string) a comma (',') signal name ( string) and hit enter:

d,bd_t1

$ enter quantity of modules pin 2 is connected to:

$ enter connected chipname(string) a comma (',")
$ enter quantity of modules pin 3 is connected to:
$ enter connected chipname(string) a comma (',)
and hitenter: d,bd_3

Rl kdrdd

output pin info module ¢c*************

$ enter quantity of modules pin 1 is connected to:

$ if no modules, enter connected signal name:

$ enter quantity of modules pin 2 is connected to:

$ if no modules, enter connected signal name:
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signal name ( string) and hit enter:
1

signal name ( string)

co_1
0

co-2
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$ enter quantity of modules pin 3 is connectedto: 0
$ if no modules, enter connected signal name:  ¢co_3
sevee GUtput pin info module d****+s++ssses

$ enter quantity of modules pin 1 is connectedto: 0
$ if no modules, enter connected signal name:  do_1
$ enter quantity of modules pin 2 is connectedto: 0

$ if no modules, enter connected signal name:  do_2

$ press 'y’ and then hit enter if you want to employ the prefer red neighbor algorithm:

The package LOGDESIGN is ready to be executed. In the first iteration, the seed

module is selected by examining the number of connections of each module to other modules

and selecting the maximum among them. Module 'a’ is selected first and placed on the middle

of the screen in slot number six. Then the selection procedure is implemented by the F_list

algorithm explained in Chapter 3. Module 'c’ is selected next and placed in slot seven. The

system recognizes 'c' as a global output module and places it to the right. The next module

selected is 'b'. The system attempts to find a preferred neighbor for 'b'. Module 'd' is identified

as the preferred neighbor module. Since 'd' is not placed yet, slot selection for b’ is arbitrary.

Slot one is selected. The only module left to be selected is 'd". This is a global output module

and the system selects slot location eight to place it. Figure 17 gives the schematic generated

by the sample session.
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2
ab_1
Figure 17. Sample Session Circuit
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CHAPTER 6

RESULTS

The graphics package LOGDESIGN implements most of the design goals discussed
in Chapter 3 quite effectively. The package generates a clear and concise circuit diagram, given
the net-list. The diagram which is generated is a formatted schematic with each module
occupying a slot determined by the placement algorithm.

The schematic is generated by placing the modules to have signal flow from left to
right. Modules which are input to the system are attempted to be placed in slots to the left side
of the screen. The system output modules are placed in siots to the right side of screen. Each
module is drawn based on it's pin quantity. Modules with larger number of connections
between them are placed together. This reduces the total wire length of connections. Figures
18 and 19 gives two examples of circuits generated by LOGDESIGN. The routing and signal
names were added manually to enhance clarity.

Figures 18a and 19a are the graphical representations of two net-lists for the test
circuits. They are shown graphically to allow visual comparison with the schematics generated
later. Figures 18b and 19b are defined as being the intermediate placement of the modules. In
these two cases the preferred neighbor algorithm was not employed. The placement of global
input and output modules remains unaffected. But when siot selection for a normal module is
called, the first empty slot is chosen. In most cases by not employing the preferred neighbor
algorithm, optimum module placement cannot be achieved. Figures 18c and 19¢ give two
examples of optimum circuits generated by LOGDESIGN. In both tests, the initial module
selected is the one with the most number of connections to other modules and it is placed in
the middle row of the screen. For Figure 18c the initial module is module b. The selection of the

remaining modules are based on the connection between the placed and the unplaced
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Figure 18. Continued
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c) Final Placement

Figure 18. Continued
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Figure 19. Test Circuit 2
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Figure 19. Continued
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modules. For test two (Figure 19) the sequence of unplaced module selectionis B, D, E and F.
After each module is selected for placement, a slot location is assigned to each of them. Once
this is done, each of the modules is drawn on the screen in its respective siot location.

Figures 20 through 23 are examples of additional schematics generated by
LOGDESIGN. The placement for the “after” schematics were computed by the software
package. These examples further illustrates the advantages of using LOGDESIGN to compute
optimum placement of modules in a schematic diagram generation.

The logic diagram generator designed in this thesis is an excellent tool for a circuit
designer. The designer can implement this package to have a pictorial representation of the
optimum module placement for a logic diagram. The simplicity in using the package makes it's

use worthwhile.
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Figure 22. Example Circuit 2
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CHAPTER 7

SUMMARY AND CONCLUSIONS

The software package LOGDESIGN presented in this thesis is an excellent schematic
diagram generator. When this project began, it was difficult to set the design goals for the
generated schematic diagram. Since an aesthetically pleasing diagram cannot be expressed in
a quantitative manner, this made the task of choosing the design criteria very difficult. Finally, by
studying the work of several authors in this area, a decision was reached concerning the design
objectives for the generated schematic. During the development of the program, knowledge
was gained about the use and features of the HP Advanced Graphics Package. This chapter
contains a discussion about the limitations of LOGDESIGN as well as suggestions for future
modifications of the package.

The graphics package LOGDESIGN is set to work with a maximum of nine modules.
The schematic generated is a single page design and there is no option for handling a circuit
with more than nine modules. If all the modules have the same number of connections to each
other, using the package becomes redundant.

Another limitation may be the lack of having a router to draw the interconnections
between modules. This is an excellent candidate for future modifications to the software
package. The slot locations were designed such that adequate routing channels are already
provided.

The package may also be implemented on a different machine. Since the program is
coded in 'C' the only changes that have to be made are in the function draw_box2.c() and parts
of the main program which calls commands specific to the HP 9000 computer.

The graphics package may also be used with a schematic capture software like

P_CAD. Instead of having the net-list typed by the user, the input net-list may be a schematic
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drawn by P_CAD. LOGDESIGN can then manipulate the schematic to generate a better
placement. If the additional placement feature can be added to the schematic capture program,

this will assist in generating superior schematics.
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"local 2.h"”

struct Module

{
char chipnam[10]; /* stores module name */
connection input_pin_numb;
connection output_pin_numb;

}

struct connection

{

int pin_numb; /* stores pin number */

int chip_number; /* stores quantity of conneced chips */
char signali_name[10]; /* stores signal name */

char chip_name[10]; /* stores module name */

struct slot1

{

int x_centr; /stores center of x_slot */

inty_centr; /* stores center of y siot */



/i..iﬁ.'.'ﬁ'..'iti...i‘..'.'t*'.'..ittt.ti.ii".‘tQ'ﬁiﬁ..'i‘ﬁ".."'tﬁti'ﬂi"ttQO""i.itiit*i'ﬁ'.'ii..t

Schematic Diagram Generator Program

Purpose To generate a canonical schematic from a user specified text
schematic
Process *  Prompt user for net-list

Select seed module and place on screen
Select remaining modules for placement
Assign slots for each module

Draw modules on screen

Variables P stores P_list

W stores pin quantity of modules
R stores P_matrix entry

chip stores module information
C stores connection matrix
O stores output matrix
F  stores F list

sposi  keeps track whether a slot is empty

LA R AL AL R A A A S A L A A e A Ty Y Y R A I I I I I /




Bincladr "lncal? K"
i lude Catdrn. b

“lat]l xlat{ 'y, Lty

]
ANt SSheu. e - pregram name: completm program 9/17/87 #,
LS I I
1 Vl“\:lruL!NIlHN_IPthHI, M(HAXLENGTHI[HQXLENGTH), RUMAXLENGTH I TMAXLENGRTHI ;

bt LT ENLTHI ) e stores the 1nfo ahout which mndule have bhean placed »/

nt ni s wuarvahla ysed far selnction of chips for placement #/
0t e ShinlMaYiilER )

10t l_‘lHAXI_FNlZH-.][r1.‘-a:<l_EHGTH]_: 7% C is the connection matrix */
tnt 115 /% 11 1s practise variable »/

char Madule i MAYLEMGTH | (MAXLENGTH) Y

tnt xl, nl; /% var nsed to print out connectian details %,

int n!nnxlﬁuurHl(HAXLENGTH); /% matrix stormes infn about chip output connectionse/

ctarn alnt) sInt IHAXSLOTY; /= aats slot laratinn 1nfn e/ _ —_— e -

LR R LA AT R N

int log; /= $3tad2': the amnty alat rnmher tar temn tee e,
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int FIMAXNLIMBERI(1);

int loc; /* var gets the empty slot number for temp use #/
int spnsilMAXSLOT); /» sposi & b keeps track of empty slot locations

/% agp variables »/

short id = 1,usplan,uspnam(2),iodlan,iodas[&l,control,lorr;
char ®*wscnam = (char *)wspnam;
char ®jinces = (char ®*)iodes;

fFloat XSt = 1.0, YSI e 0.763; /» ysad to detarmine Aspack ratio %/

float xxmin « 0.0, xxmax = 132.0, yymin = 0.0, yymax = 100.00;
short p4, pS;

k = mod_numh();
printf(“\ntotal number of modules: \t%d\n", Kk);

For (i = 1; | ¢ (k + 1); +eq)
read_info (&chiplil);

/% read input signal names %/

Jetchar();

far (1= 1; 3 ¢ (K + 1); ieen (

printfi\n\teessnns ngd,¢ pin 1nfo madule Xs """"""""'.\n“, chiplil.chipnam);
for (j = 1; j < (chlp(|].|nput_p|n_numb.pin_numb + 1) jeed -
raad_tn_s:gnel(&chip(i), IFER RN
> /% for lonp */

/% reading connection details %/

Far (1= 15 3 ¢ (k + 1) seiy ¢
prantfi"\n\nessnsncnag,tpyt pin infn module Xs information Rosunsnsanst, chiplil.chipnam);
far () = N; § <= (chlp[n1.output_pln_numb.pin_numb = 1); *+j)

read_cannention (&ehipli), 3, W, i);

>

prantfl"\nprass 'y’ and then entmr if want to use prefer neighbor algnrithm\t");
scanf("%e", &y); /% gets rmsponse from user e,

7% et slnt locatinon s/
for (i = 1; 1 < MAXSLOT; i+9)
Get_slot(&slintli), 1);

For (i = 1; 1 ¢ MAXSLET; iee)
printf("N\n slat Xd \tx = %¢ Nty = Xf\at, slotlil.x_centr, slotlil.y_centr);

<% function deumliops the R (summation) matrix %,
b= 1; , .
for (1 » 1; § ¢ (K o 1); *+1) ¢
for () = 0 ; j <= (chnp(nl.autput_pln_numb.pln_numh -~ 1) ¢ej)
sum (v, j, W, R, 1);
)

/% rhansing the Jnitial chip »/

nz 4ctt LR, K
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RinI(1] = 0;

PIT 169 = 15 /¢ lettina systam know this chip has already been selasctad »/,

#nsilé) = n; /® choose slot location =/

for (i = 15 i ¢ (k o 1); e+i) ¢
~ o if (placing (Pl, i) == 1)

printf("\nThe chips that arm unplaced are : %s\n*, chiplil.chipnam);

/% ronstructing the connection matrix */
for (1 = 1; 1 ¢ (k ¢+ 1); 1++)
strcpu(Modulell], chipllil).chipnam);

for (i = 15 i ¢ (k ¢ 1); ise)
for (j = 0; ) <= (chip[i].output_pin_numb.pin_numb -~ 1); jeo) (
Clilei)l = 0; i
connection_matrix(C, &hiplil, k, Module, i, W, j, o}; N
) .
printf("\n\t ##» CONNECTION MATRIX w## \n");

for(i = 1; i ¢ fk & 1); je+) ¢

printf("\n\n");

for(l = 15 1 < (k + 1); l+e)
printf ("Nt C(%d1{%4) = Xant*, 1, 1, CLilC1)]) ;
>

7% F list computation */

for- (j = 15 j ¢ k ; ++j) (
for (v = 15 & ¢ (k ¢ 1); +¢i) ¢
if (placing (Pl, 1) == 1)
F_list (C, i, j, P1, k, F);

hl = F_list_max (F, P}, k, R); .
printf("Chip chosen is \tXs\n iteration number : N\tXd\n", chiplnll.chipnam, ));
/7% decides glnbsi input & output chips #/ .

if. (Glohal_input (n1l, o, k) == 1) ( '
printf (“Global input chip is %s\n", chip{nll.chipnam);

loc = search_gi (sposi, nl);

if (loe > 0) /% means slat available */
<

printf ("slot chnsan is %d\n", loc);
)

#lse if (loc == 0) (
loc = search_gi_2 (sposi, nl);

if (lor > 0) /% means ampty slot {ggr
< T

"y
2 e
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printf (“slot chosen in second try is Nd\n", loec;

else

printf ("\n no empty space this Paga gn to next *);
exit(0); /% oxit main proagram s/

N -
} /% end glnbal input loop =/

CREY) 1f(Global_output (nl, o, k) =a 1) ¢
printf ("Ginhal output chip is Xs\n" chipinll.chipnam);

lngc = search_go (sposi, nl);

1f (loe > 0) /# means slot available */
<

printf ("slot chosen is Xd\n", lac);
>

mlse if (lon == ) ¢
Ilnc = search_go_2 (sposi, nl);

itf (loc > 0) /% maans ampty slot found #/

printf ("slot chosen in second try is %Xd\n", loe);

)
alse

printf (“\n no 2mpty space this page go to naxt ");
Y /% loc == loop */
} /% end globhal output «/

/® process general modules #/
elsm if (y we 'yl oy me oty

loc = prefer_neigh(nl, €, Pl1, sposi, o, k);

Prantf("\nslat location for chip \t%s jg NtXd\n", chlp(nll.chnpnam, loe) ;

) /% and of alse ;f»,

else ¢

Fap (1 = 1: ] ¢ MAXSLOT; 1++) ¢

if (snasi(1] == g)¢

sposill) = nl; /» chonses slot for arbitrary case ®*/
breat, ;

Y sm o af wy
>

} 7% nnd of nlse #/
} /% end of iteration loop w/

7% Aanp aubroutines %,
jhean();

——— — -
e len & 43
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usénamfﬂl

- 'D;
wacnam(1] = 'B*;
wacnam(2] = 'Q';
wacnam{3] = ‘vy';
control = 0;

1ndien = 83

)dint(Rid, Swsplan, wspnam,8iodlan, "sdav/tty” &control);
1won(&id);

Jaspk (8XS1, 8¥Sl);

yuind(&xxmin, &xxmax, Syymin, &yymax);

far(j = 15 j < MAXSLOT; jee)

<

iF (spnsiljl > 0) ¢ /% cks if slot is occupirad »/

pé = sposiljl;

p% = ji

printf("\nchip chasen \tXd\t slot numb %d\n", sposiljl, j);
draw_box(&chip(p4], p4, pS);

> /% end of if loop */
» /% for and */
Jwoff(gid);

Jwend (&1d) ;

jend();

Y /7* end of main »/
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int getlinm(s)
char siRN);
<

int ¢, i

forti = 0; § ¢ gp ga (c = getchar()) = EQF g c |=

'\n'; jee)
sli) = ¢;

if (e == t\nt)
slil = '\gr; -

return(i);

sum (v, j, P, R, 1)
Int 1, y, PIMAXLENGTHIIMAXLENGTHY, RIMAXLEMGTH] [MAXLENGTHI, 1;

Nt ok, sum;

sSam = fi3

fFrr (k= N: L <= 18 +ok)

aven 43 (10K, o - :
kcf!(\\ ERYLY ’ . " g

JRYSES ST,

. . *
( 3

]

Nt mod_numb ()

¢
int i;
printf(“Snenter total number of modules in system:Nt");
scanf("%d", &i);
grtehar();
r2turn(i};
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raad_info (m) /% fynction reads names of chips and quantity of pins for w/

module #m;

<
printf ("\nentaer chip name(string) & hit return\n'");
VF (scanf("Xs" m -> chipnam) == 1)

pPraintf ("N\nanter number of input pinsCint) hit returni\n");
if tacanf("%1d", &m -> input_pin_numb.pin_numb) a= 1)
printf (“\nantar outnut pin number & hit return\n");

1 f (scanf("%X1d", &m -> output_pin_numb.pin_numb) =e 1)
s’

nrlntf(”\n%s\n*s\nks“,

" l'."..'.I.I.l'.....I...QI.ﬂ'...'l.............. L4 ’
" l...‘.Il.l..I..Q...."..Ql.....l.Q'.OCQ..'II’..l "'
" l.".ﬂl..-.dQ.IQQ-....l'll..........l..l..lDCQI. ");

sort (P, n) /% function stores tha maximum antry in P matrix returns the val

nt P(HAXLFNGTH)[HRXLFNGTH], n;

4

int i, max, j;
max = 0;
for (1 @ 1 & i ¢ (n s 1Y ++i) ¢ s beginning of loop *~

tEPEIII1Y > max) ¢
max = Pl1](1];
jo= 1
>
clss if (PLil(1) == max)

g}
HE

Y} /% end of loop #/
raturn (§)
>

Placing (P, n) /» checks if a4 module have bern selmcted or not e/
int PIMAXLEMNGTHI(1), n;
¢ .

if (PIn1{1] == 1)
return (0)
else
return (1):
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resd_conn ,un (m, ), W, i) /% function gets names sno connection detayir - sienss
maodule *
Pt ) /% pin numhar o/

int WIMAXLENGTH]MAXLENGTH)
1nt 1§ /% madule numbar */
<

char tampleal, ton2(801); *

1t v,l,n, 021, x1, p e 1, %2, n1, ilg

Printf("\n\n\nfor chip %s number of output pins are Xd\n", m =) chipnam, » =) output_pin_numb.pin_numbd )}

switch (§) ¢ " L. .

case 03 . B )
printf{“\nenter quantity of modules pin 1 is connected toi\t*))

break; B

casms 1:

printf(“\nenter quentity of modules pin 2 is connsctad toinetyy . K
break) . . ’
case 7t X L -
prantf(*\nenter quantity of madules pin 3 is connected toi\e®);

hreak; .

R .
casa 3: . - : ..
printfi“\nanter quantity of modules Pin 4 is connected totl\t"); o
brmak; » LT e

» /% end nf suiteh o/ IR s

16 (scanf(®%a™, tm > output pin_numd.chip_number) == 1)
printf (“\nconnected modula quantity \tXd", m =) output_pin_pumb.chip_number);

gatchar()} B .
x S M=) output_pin_numh.chip_number ) st
Wit)) = »; .

1f (v == D) ¢ e :
printéi®snif no connected modules s Snter signal nams of pin , hst enter\n”);
getiinelremp); .

strecpnuim => mnput_pm_nu-b.ug»ll_nnu(nl, temp);

»

Aalan ¢

prainté(=\n\nnnta: DO NOT |

Ve any space betwaen chip name and 8ignal neme ) the comma 1s the separatarey;
< .
.

for (1l = 15 1 ¢ (x o 1) 1 SR
1§ (g == 1) .
xl = g3 .
f
Ao Cinl ® ) e gy -
Printti"\n nenter connected chipname(string) \ta comms = X ‘bt enterncy;

qetline(temp)}
fFarCil = 03 11 ¢ BN: 3300y ¢
1t (templal] =e ' ¢y

brestk -

olne
tenilsl) @ tomnl e

-,

tep2(11) = 'og0;

Atrrpaim «) mnpul_pm_nuno.emp_an»lnI. tmp2);
strepuim =) ouvput_pln_num.algn.l_nlno(nl, e(.»““”
¥

} 7% and of ~lse o/

=N}

¥l = x}

far (] o 15t ¢ {x o 133 ool ¢
ifF ip e= 1)

Nl e (w2 = 4) o 1);

VUi e )

-
e printfi \naignal nane aof pin 13I\tNS\n" , - o) 0’"90‘_[!In_hu-b..lqn.l-n.q(nl]);

Prirtt ("“n\nconnactad modyle name 13 XoN\
" t s19nal nema 143 \tXs\n®, m > w'put_pun_ma-h.chup_unm(nlI, mo=) QuipLt _pen_naeh. 44008

——pi
¥2 & w}

return (ndg
)

66


https://pr.�t(i-\f**.pn
https://oiJtnut^in_nMao.ehip_f.na
https://strrp.HM
https://connae.ad

cgrrnectiar_matrix (e, m, k, n, i, W, j,0) /% fynction gets thas connaction matrix Ciﬂ;

int c[HﬁXLEHGTH][MAXLENGTHl, k, i3 7% ¢ is the connection matrix */

char n(HﬁXLENGTH][HAXLENGTH); -
int M[HAXLENGTH)(HQXLENGTH]; ° ‘
int : '

madule *m;

int o[HﬁNLENGle(NAXLEHGTHl;

<

int 1, b, g, ql;

int 11 =1, p, bl, x;

char OIMAXLENGTHY; /» yap gets the namm for the chip connectad to®/
1 = 0;

shi1{a] == g3

x = WCilLj1;
For (b = 15 b < (4 + 1); +ob) ¢

if (11 =aa 1)

hl = 5;

noe(tal ) e p);
--11;

bl = x3; .
strepy (0, m ~> oufput;pin_numb.chlp_neme(pl);

whrle (stremp (O, n{11) (= N e&& 1 ¢ (k + 1))

*el;

sernl1101)3
t+cl(11l1);

ol 11[1Yes;
prantf ("N\n c(Xd1(%4) = %124 c [(Nd)(%d) = %54 Nty o, 0, cliltiy, 1, i, elilti)y;

prantf("\n output matrix 18 ¢ ol%d)[%d} = %5d\n*, i, 1, olilltl;
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#include "local2.h"

Qrts the fF_tiat, =

ck.

/

1terations, k

it module

F_list (c, t, ), pl, k, f) /* F_list.e
int 1, j. k3 /* i is chip id, j is numb. of
int c[MAXI_ENGTHIIMAXLENGTHI; /% connection matrix */
int pl[MAXLENGTHI(1); 7% placement matrix */
int FIMAXMIMEERII1); 7/ F ~ list matrix */
¢
int 1, m, n, s; /% tampnrary uvar »/
int saus{MAXINIMRER] ;
far (1 = 13 1 ¢ (k + 1); 1+ {

1f (1 te 1)«

if (pll1if1l == 13 « /n
saveim] = 13}
+em;

H
>
Y /% ¥nr loop */
savalm]l = 'N0°';
s = m:
m = 0
Far (1 = 13 1 ¢ (k + 1); ++1)

far (m = N: m (= (s = 113 ++m)
1§ (] == 2aveim]) |

n += clvilV1];
{TLILT =N
printt ("\nf_ list is FlXdl = Xd\n", 1,

H
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#include “local?2.h"

Get_slnt (8, 4 ) /® fynntion gats the slat lacatinana to

alotl *=s; /* var is slot identifying structure */
imt 1: /% incr var ®/

int of = 4: /% unar holds nffent uvalues = °

if (i >= 1 R& i <= 3) (

¢ = ¥_neantr = 20,03
\ S =Yy cAntr 2 HA.D - ((§ - 1) &= A » nf);
Yrlnm 3 F ({ 2= 4 11 | == § | i =w &) ¢

3 =) u_cAntr ® H4.0 - ((i -~ 4) =@ = afy;
3 =) w_centr = G54 _();

elsn 1f (i == 2 |1 § »=2 9 || | ma g ) «
3 =) gy chrntr = B4.0 - ((j = 7)) = B * af);

3 ~> x_rentr = 92 _0;

suatams ¢/




F__Iikt mecCfy pl, k, p) /o F . list_max.c function fainds the ma. i of F list

tnt FIMAXNUMRERI(L); /» F_ list matrix =«

int k, pliMAXIENGIHITLT; /% K is numb 3§ mndules, Pl js selertinn matrix, & -
int r{MAXLENGTH]I TMAXLENGTHY; /= o m3trix is the p_list matriv

{

Int 1, i, Yy, max; s temparary variables #/

int save[MAXLENGTH); /* UaR STORES modulms where a t e AYiIste %/

For €5 = 1 5 j ¢ (k +» 1); ey ¢
if (j == 1) ¢ /» 1st iteration »,
max = f{3111);

printf ("\n j i1s %d\n ", 1)

H
else 1f () > 1) ¢«
1 tmax < FLjIT1)) (¢

max = t0j31(11;

7% for loop »/

v o= 1;

far (3 = 15 j ¢ (k + 1) ++)) { /% save to resnlue ties #.°

1f (max == f(jl1l1]1) ¢ /% save valie to resolve ties in Future =,
save [y++e] = 55

for (3 =1 ;5 j < Yolotey) |
if () =a 1) (

max = sauelyl ;

el=em it (1 1= )

E trfmax (1) < rlj101]) <
max = savml)];

rlse 1 f (rl{ma<)lLl] == F[31013) <
max = sauel()];

»

Y stelsm if loop */

)
plimax1{11 = 1; /» chip is selected */
Flmax1(1) = 0;

return (mAx); /% return selected chip numbar »/
H
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#include “"1ncal2 p"

7% functinn datermines whether chip is alebal input madule revisesd R/Q-37w .
Glnhal_input (m, o0, k)

int m, n["ﬂXLE’HI:THl[NﬂXl.ENI:TH]; 7% 1 is modula numher | o o ALt mate v @
VYoo

'xnt k} 7% k is number of modules »/
{

-
]

int i; /% { is the incremant oparatar o

int sum = 0;

far (i = 15 § ¢ (K « 1) i+e)
sum += olil{m];

it (sum > )
return (0);
alam

reaturn (1);

Glnhnl‘output (m, o0, k) /7* function finds glnbal outpur =,
it m, m(MAKLENGTH][HAXLENGTH]; /* m is module, o
itnt ko

4

1S ONrput matriw »,

int i, sum: /e § s ‘ncrement opar, sum gets the asym «,
sum = 1);

for (| = 1: i ¢ (k + 1); i)
sum += o(mlli];

1f (sum > )
return (0);
nlise

return (1); /% chin global output =/
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#include "local?2.h"

senrch_gi (s, i) /= se_Aarrh?.c — has the latase fanctions tn Facilitate bhe
program . Aug 8, 191H7s,. '

int s{MAXSLATI; /» string keeps tha siot avarlakle intn =
. Int 13 /% module numb */

int j;

for (j = 1; j <= 35 jeer (
if (s(j] == g) ¢ i
slj) = i; /% mndule is located in slotnigmbar ] %

return (j); /* slot number returned */
H
>
for (j = 4: j (= 53 jee)

if (30)]1 == 0) (¢

sljl = 1;

return (j3;
H

> /* for lonp ands */
b4

search_gn (s, i) /* funetion finds the slnt locatinn far a glahat outpge char

int =(MaxsLOT);

int i;
<
int j;

for ;) = 2; J <= 95 jee) (
if (s[1) == 0) ¢ /% ;hics if slot is ampry = -
alj)l = {;
return (j);
Y /% GF w,
M

for () = 4; J <= 63 j+4¢) |
if (s(j] == gy ¢

return (53
>
Y} sefnr e/
v

7% Funetinn laat s far amnti s lnb smamms Yoy aden. e s R s
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searen_gi_y ts, 1) - :

int s (MAXSLOT); : -

mt j;
<
int j;

For (j = 23 ) <= 94 J*+) <
' if (s0j] =a 1)) <
s(j] = i;

return () ;

> S%Far e,
¥

s2arch_qm 2 (s, 1) r= funetion looks ta Find empty sinty fap lohal
\ S L » LAY g
output chips —~ 2nd try =,

nt 3[NGXSLUT];
i3 '

=iy = 35 .04, <
1t (s(j) =ae ) 4
3()]1 = 1;
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#rnectinta laeal) K[n

pr-ﬂ-fn:*_nevgh (1, S, piy, 3, n, k) Va4 nrat neinT e [ KR Y STIPE A B KA S R

int o by ose e madule name, Lo a BT TR
int 5[ ™May NTY: ,» 4 is <lmat Man e -
nt r_‘.IHHT'LFP‘"}'IH]TH(\.‘-'I F'Hf‘.TH]' Al sy, g Freecviey . L L R Y T B I T YRR B
it b Mn E'Hl'-.TH)fl]: 7% nlarrmene matry. -
-~

o~

et tamn s, i, tamn?, 1: .. Portarorie Aree vy e
Nt cavel &5 aTti;
1Rt

fFor () = 1 ]Gtk o+ 1y 1ot R L N L T T TN B to it e e

1f () == )y ¢
temn = ~lalia g
tamnl = ;e Amte udule rovar e s

LR I | B 1

vE (et a0y > tawm ¢ * cherbx far IR T L e P Y
trop = iy 10,
tenpl = 4 e A=tr the tdevtytiratyar, A plaved ekl -
saurfu] = 5.

y
2lea 1 F ftenp == e B I I BT I S S N
me+ 2
TAawe ] = g
L ) R P |nw.r\ -

PO btar lamn oeands s e
1f fm == 1 .

printie” n oantle ane nossthle nerqhbg e vy
vl

Prantt " nagmbie e ct pasagbh(e n2tntbara qr.. %d

For Lim om0 omac) ¢
ey ] a o fal g

prantf(" .pn chip rhinzmn e Ldat, e e b Y

v (p i tenn]l 111) 2e | Y
prinrre " rajacrag nevdhbar fhap s Meen o 0] g

Far 4 = s 1 DO P S I W yre
N tsl{)] == teepm )
tewp = 4

"To=lat numbher tor placed nady e e R T L

printe
P ber laap e s

Y e tern e mhether csmlectead madigle ANPPEE aeety e e e

Lt fnlu]l’r;...—..—,}] > N ¢
nrantr("Nnzelmacted chip 15 sauren Ty

1t (tenn ~ (0 &F temn? G4 o
tar (L = 5 ] ¢ G b g
VE (sl L =2 gy 2
~Err o=y
printt (" n slat chrsen For apm e b g RS P

L I

1

|

|

n' 1
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Yo% ¥Far laap ¢

[ N A T SR e

rlem 1§ Crtemp, > 3 28 bern ¢ T
L A e I e A N

1Foral 1) == 1y ¢

- E5 I O
feantfi"sn alat chaser bae e dec bed oot e )
retiogrn 010 '
1f (=1l e= 1Y !
LI 1D B B
pr tnt " At rhecens For ome e tee e e St ot s
tootrn )
N
. Ly e
: - ,\Ir"\ ]. -
R N R N e £ o S P A R B
tar |l o= 4 1 - Yo les
L U I O T LI B
L I I T
prant FeY e lat ahesern Far s lectad mead cle ot T
retoen (1Y)
»
> * tor lonp %7
Far 01 = b 1 2 A ey
vEore b)Y ==t
ER I I B T
srantt "N mos et o char sy Far ose e e tedd ment ol M0t
. tetyrn T
s btor laon ®2s
N Y ez 1+ s/
) - N 1 LT -
oo A oo len .
y r
[ VRS L B o B ST SIYE B B R
forant b 0NN roane At the e 0 B Y U A A

Fooe 0 = A I A I N

1t le,f]] o ))&
ALY o= gy
reftuyrn

’

1)

> * topr laap e

Y /% mrdl o nY mAaTA
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Binnlune “tneai?. K"
LALLE VT T SOV

draw_hox(m, i, q) /* draw_hox2.c - draws hoxes s/
maile *m; /% madule numher o/

short  i; /% module number o/

shart q; /* siot number e/

¢

extarn sintl slot(MAXSLOTY; /» slot lorations =,
float *_loc, y_lee, yof = 4.0, xof = 0.3 7* x_loc and y_loc are vear, vof and yof are nés
shnee j, 9P, ip, ml = 3, n; se ap, ip ,n local var, m is for marking */

/® fallowing var are for taxt =/

short n1, 1, tepliBY; /e N1, 1 local var, tmpl stores atring o/
char *nl « (char *)tmpl;

char tamp(151; /= storms string =/

strepy(teamp, m -> chipnam);
nl e atriaen(temp);

for ( j1 e 0; j1 ¢ nl; jlee) /®» stores sString as short o,
plljl} =« temp{j1);

Printf(*\nmndule numher \t Xd\t siot numb \tXd\t mndula name Xe\a®, i, 9, m > chipnam);

¥ _log = slot(q).x_centr;
y_lng = alnthl.y_centr;

)2nov(&'_loc, 8y_loc)}
jtaxl(gnl, tepl);
1?mav(8x_lac, 8y _loc)}

L it 6l pnrpyppmy Lnrar e, IR N L | Pl b 2t e o « | 5e

U Y )

op = m <) output_pln_numb.pln_numh;
p=mn - Input_plﬂ_numb.pln_numby 7% g8ts pin quan ®,
Printf{*\npin numbers are :\n 1nput pins:\tXd\t output PInsINeNdNt\n® ap, np);

1F (ip > op)

n e pj;
~lsm if (op > i

n = op;
alam o

n = ap;

N *s 1; /% incram n s/
y_tloes = (n s fyof1) ,2.0;
Prantfi"sn y location aftar moua 18 N\tXt\n", y_loe);

Jr2muilynt, Ry_lor);
prantf(“\nyof value is Xf\n", yof);

Far () = 17 § ¢ n; jee) ¢

ynf e _4.0;

1r2dr(&xaf, Ryof);
Printf("\n) ualiye XdNn", j3;
1r2mkl&xof,&wof,&ml);
prantf("\n) valya XANn®, j);
>

)r2dr(&xnf, &yi0f);

yof = 2 ¢ uaf;

jrldrckung E¥né); /8 Hraws bottom of bhox ¢/

yof = onf /oy,

pPrantfi“Snatrar bottom of hox drawn %xoff o \tXF\t yoff = NERINENnt, vof, pof);
Printfi\n n ;4 NEXANt 1p s XdNt\n", n, 1p);

ynf a ~(n = vot) ztip o 1): ,» arts offsact val for right sidm o,
PrintF("N\noffset value of left side of box 1a: XENtNn", yaf);

for (n = 1; n (= 1P mee)
)rrdrlﬁrnf, %yof);
,r?mk(&zof,crof,&ml);
H
)rﬂdr(&wnﬂ, Aynf);
ynf e L) ¥
vl = 2 & (ynfr;

1F20r kunf, Bxof); e draws top of bax */

printi("\nralative draw ;s INAxnfamti\tNi\n yorset:NtXNi.n, .o», yofi}
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