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ABSTRACT 

The development of a'Clanguage program named LOGDESIGN,which generates a circuit 

diagramfrom 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 asa 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 appiicatons 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 diagramsfrom 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 Chapter5to illustrate the steps involved in generating logic diagrams. Chapter6 

contains some examples of circuits generated by LOGDESIGN.Some test results are included 

also. Chapter7summarizesthe work and givessome 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. 
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CHAPTER 2 

RELATED WORKIN LOGICDIAGRAM GENERATION 

Several researchers have designed different processes in order to develop 

schematic diagram generators. Although the primaryfocus 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 orthe 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 ofthe 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 ALDGSsvstem 

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 diagramjlj. The 

program doesfour operations simultaneously in order to achieve this. The operations are: 

a)Parsinn 

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, asdoesthe 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 fuil-size or reduced drawings.The ALDGS offers the option of 

storing signal names and component data. 

Partitloninn and Planement 

In ALDGS,a placement of a particular module is sought so that the logicflowsfrom 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,signalflow 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 Planement Reflnemflnt 

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 modulesfor placement refinement. Pin assignments and signal name 

assignments are also done at this time. 

d) Routinn 

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 ciass. The connections are then broken down into horizontal 
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and vertical segments.These segments are processed to minimize wire crossings. 

The ALDGSsystem implements most of the design goals of logic diagram generation 

in a very effective 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 svstem of IIT 

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 structuralform,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 

-aset ofterminalsforeach 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. 

a1 Looical 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 rrxjdules. 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. 

bt 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 NT 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. 



CHAPTERS 

ALGORfTHM DEVELOPMENT 

There are many design constraints that should be taken into consideration while 

developing a schematic diagram generator. As observed in chapter two,the most 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 dependson the numberof pins the module has. For a module with a large 

numberof 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. 

0)Portability:The software package LOGDESIGN wasdeveloped using the'C 

programming language with portability in mind. Almost all ofthe main program and all butone of 
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the function modules are machine independent.Thefunction which drawsthe circuit modules 

on the screen utilizing the HP9000 graphics package is the only instance in which commands 

specific to the HP9000 machine have been used.A portion of the main program which calls 

this function also uses HPcommands. 

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. 

it Data Input 

Data entry to LOGDESIGN is done on the HP9000terminal. 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 requirementforthe proper usage of LOGDESIGN. 

in Module Selection For Placement 

The placement algorithm for LOGDESIGN is the key to a clear circuit diagram. The 

algorithm employsthe"seed"placement algorithm similarto 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 someterminology which will be used to 

develop the placement algorithm. 

S the weight(numberof modules)associated with pin number 

"a"of module 

k total numberof modules in system(maximum9) 

/ module selectedfor placement 

j iteration cycle 

A setof modules selected afterjth iteration 

B set of modules not selected afterjth 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 I by 

S, forall 

P (I) = 0, for all op = 0 (Eq. 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 "1" is selected for placement,a number F(l) is selected for each of the 

unplaced modules. If c is the number of connections between unplaced module "1" and 

placed module p,then we have 

c where I notequaltop 

F(l) = 0, where I equalp (Eq.3-2) 

Oncethe 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 theirP lists (Eq.3-1)valuesto compute a maximum.If a tie situatbn 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)isformed 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, 

iiil Slot Selection on Soreen 

The display area on the screen is divided into nine distinct slots. Thespace 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 caiied the "Glcbai Input" type. A global input moduie may be 

defined asthe source moduie to the schematicsfrom an outside circuit, it may also be defined 

asthe input module to the circuitfrom an externai environment. If the module selected is of the 

global inputtype,LOGDESiGN proceeds to place it to the leftmost slot available to insure left to 

right signal flow. A "Global Output" module is the opposite of a global input type. It is the type of 

moduie 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 moduies. The goal of LOGDESIGN now is to place a global 

output module to the rightmost locatbn possible to insure ieft to right signalflow. 

When a module is identified as neither the Global Input northe Global Outputtype, it is 

defined as a general type module. The algorithm used to find a slot location for this type of 

moduie is quite different from whatwas employed earlier. Now the slot location of the unplaced 

module depends upon the location of its "preferred neighbor". The "preferred neighbor" 

nfK)dule 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 moduies are drawn on the screen in their respective slot locations. Figure 

2givesthe flowchart of the main program of LOGDESIGN. 
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•- Type Global input module 

- Type regular module 

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 call on an individual 

function when it needsto use it. If an error occurs, it is limited to thatfunction only and the other 

modules remain unaffected. Modular design makesthe 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, 

function mod numbft 

This function prompts the userfor 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]. Figure3showsthe flowchart of these operations. 

bHunction read infofi 

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 

return value. Figure4shows the flowchart of these operations. 
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c)function read connectionO 

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 modulesthat are connected to. Figure5contains the flowchart. 

d)function Get siotO 

Function Get_siot()determinesthe slot location on the screen for each grid. It stores 

the X and y coordinate values in a structure of type slotf. There are nine slots for module 

placement on the screen. Figure6 gives aflowchart ofthese operations, 

et function sumH 

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 vaiue for each module. Figure 7depicts the flowchart, 

f^ function sortf^ 

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 moduie chosen is the initial seed. Figure8 is a flowchart 

of this operation. 

a)function olacinqn 

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. Figure9 is 

a flowchart of this operation. 
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h)function connention matriyn 

This function computes a matrix from the interconnection between the different 

moduies called the connection matrix. This matrix is the primary source where ail 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 listH 

This function determines the FJist(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 ofthese operations, 

j)function F list maxO 

Thisfunction nxjdule is used to find the module with the biggest FJist value. In case a 

tie exists, an unplaced module is chosen by referring back to the PJist computed before. The 

module with the larger P_ list value is chosen. Figure 12 gives the flow diagram, 

k)functions search gift, search oi 20.search nofT search no 9{\ 

These functions implement the search algorithms to find empty slot locations for 

global input and output moduies. 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 otherfunctions implementa similar search algorithm. 

\) functions global inoutn and ninhal niitmitn 

These two functions determine the classification of a module, whether it is a 

globaljnput or a globaLoutput module. The type is determined by manipulating the output 

matrix, if either case is true a one(1) value is returned. Otherwise a zero(O) is returned to 

indicate it is a regular module. Figure 14 gives the ftowchart. 
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function Drsffir nftinhn 

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 forthe selected module.The choice is to find a location 

next to the preferred neightjour. 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. 

n1 function draw box2n 

This function employs the HP 9000 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. 
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choose arbitra 

slot location 
return slot 

Rgure 15. Function Prefer_neighbor() 
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module m, 

q <- slot numb 

XX, yy 

XX <- slot q,X a> 

yy <- slot q,y 
coord 

move cursorto 

XX. yy 

write module nami 

move cursorto 

top right 

draw right side 

draw bottom 

draw left side 

draw top of box 

*function var 

local var 

Figure 16. Function draw_t)0x2() 
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CHAPTER5 

A SAMPLESESSION 

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

four modules.The net-list is given below; 

Module name source oins load pins load pin no. connected sloname 

WED rTYrtilR 

1 C ac_l 
2 c ac_2 
3 b ab_3 

1 d bd_1 
2 d bd_2 
3 d bd_3 

1 C0_1 
2 co_2 
3 co_3 

1 do_1 
2 do 2 

The signal names associated with the source pins are asfollows: 

module a: 

source pin num: 1 signal name: a1 

source pin num: 2 signal name: a2 

module b: 

source pin num: 1 signal name: ab3 

source pin num: 2 signal name: b2 
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module c: 

source pin num:1 signal name: ac_1 

source pin num:2 signal name: ac_2 

module d: 

source pin num:1 signal name: bd_1 

source pin num:2 signal name: 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 doiiar($) sign denotes the HP 

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

STEP1 

To initiate LOGDESIGN type: 

$JLOGDESIGN 

STEP 2 

$entertotal numberof modules in system: 4 

$enterchipname(string)& hit retum a 

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

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

$enter chipname(string)& hit retum b 

$enter numberof input pins(int)& hit retum 2 

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

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

$enter numberof output pins(int)& hit retum 3 

$enterchipname(string)& hit return d 

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

$enter numberof output pins (int)& hit return 3 

******* input pin info module a******" 

$enter signal name of pin 1: a1 

$enter signal nameof pin 2: a2 

******* input pin info nwdule b********' 

$enter signal name of pin 1: ab_3 

$entersignal name of pin 2: b2 

******* input pin info module c********' 

$entersignal name of pin 1: ac_1 

$entersignal name of pin 2: ac_2 

******* input pin info module d**"****' 

$entersignal name of pin 1: bd_1 

$entersignal name of pin 2: bd_2 

output pin info module a ************* 
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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(,)isthe separator********* 

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

c,ac_1 

$enterconnected chipname(string) acomma signal name(string)and hit enter: c,ac_2 

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

b,ab_3 

$enter quantity of modules pin 2is connected to: 1 

$enter quantity of modules pin3is connected to: 1 

******* output pin info module b 

$enter quantity of modules pin 1 is connected to: 1 

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

d,bd_l 

$enterconnected chipname(string) acomma(V) signal name(string)and hit enter: d,bd_2 

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

and hit enter: d,bd_3 

$enter quantity of modules pin 2is connected to: 1 

$enter quantity of nxjdules pin3is connected to: 1 

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

$enter quantity of modules pin 1 is connected to: 0 

$if no modules,enterconnected signal name: co_1 

$enter quantity of modules pin 2 is connected to: 0 

$if no modules,enterconnected signal name: co-2 
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$enter quantity of modules pin3is connected to: 0 

$if no modules,enterconnected signal name: co_3 

******* output pin info module d***""***"* 

$enter quantity of modules pin 1 is connected to: 0 

$if no modules,enterconnected signal name: do_1 

$enter quantity of modules pin 2is connected to: 0 

$if no modules,enter connected signal name: do_2 

$press y and then hit enter if you wantto employthe prefer red neight)or algorithm: y 

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 FJist 

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 neighlDor 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 17gives the schematic generated 

by the sample session. 
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bd 2 CO 2 
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do 1 

do 2 

a 1 

ac 2 

a 2 

ab 1 

Figure 17. Sample Session Circuit 
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CHAPTER6 

RESULTS 

The graphics package LOGDESIGN Implements most of the design goals discussed 

in Chapter3quite 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 slots 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 

nameswere 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 slot selection for a normal nrradule 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 19c 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 18cthe initial module is module b.The selection of the 

remaining modules are based on the connection between the placed and the unplaced 

40 



 

 

All AD! D01 

D02 
A12 

F01 

CD1 

CF1 

1 F 

F02 

C1 

1 9 

BC1 C 
2 

8 

B12 BF1 

a) OriginalSketch 
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Figure 18. Continued 
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Figure 19.Test Circuit2 
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Figure 19. Continued 
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FINAL PLACEMENT 

Figure 19. Continued 
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modules.For testtwo(Figure 19)the sequence of unplaced module selection is 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 slot 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 examplesfurther 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 placementfor a logic diagram.The simplicity in using the package makes it's 

use worthwhile. 
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Figure 22. Example Circuit2 
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Figure 22. Example Circuit3 
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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 

rTX)difications 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'Cthe only changesthat have to be made are in the function draw_box2.c()and parts 

of the main program which calis commandsspecific to the HP9000computer. 

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 placementfeature 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 signal_name[10]:/* stores signal name */ 

char chip_name[10]; /* stores module name7 

} 

struct slot1 

{ 

int x_centr: /"stores center of x_slot */ 

int y_centr; /* stores center of y slot */ 
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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 modulesfor placement 

Assign slotsfor each module 

Draw moduleson screen 

Variables P stores PJist 

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 
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I 1 * I of T •Vi! SL •ir 1 i 

- P'-"'irArn namr.: complete program 9/17/87 •/ 

"''. t . - . I :

• . I I" I M„, Ult.1«XI rMKTHHMAXLENGTHl, RtriAXLKMGrH,fMAXLENRTH 1, 

for placement -x 

riMAX,.rM,;,M,M^x,,EMr,THl; X. C .» the connect.on metr,, -x 
inr I t ; /• ij prac^^se v^ariable •/ 

rhar Mn^Mr<-(ttA-rLEMf;THI[MAXLENr;THl, y; 

'nt .1. nl; ^er need to print out connection detai ls ./ 

•nt oinn.,EMUrHHnPXLEMGTHI, connect lons-x 

*-rn ,.nt l s.n t f MAXSLXlT 1; X. net, slot I one,.on into .^ _ 
»r. I f I Miirit -»;» 11 I I: 

if*' lOCe /• ̂ /ar na»a &U. 
enpfv ^lot r-.iip.har for f.»mn n ^ * ,■ 
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int F(tinXNI.inb€M I(IJ; 

!nJ ^'M.ivcrn?!" *'*" """•b"'- for tnmp usespos.IMAXSLOT), ,pos. & h keep, treck of empty elot locetions 
agp wariahles »/ 

short id - l,"«plen,uspnam(2J,iodlen,iodest81.control lerr-
rhar -wscnam - (char -iuspnam; ,oontro(,lerr, 
char >ioces • (char aiiodes; 

float XSI - 1.0. vsi - 0.763, used to detarm.ne aspack ratio >7 
float xxmin - 0.0, xxmax 132.0, yymin - 0.0, yymax - 100.00,
short p4, p5. 

k mod_rnjmb(): 

pr i o t f("\ntota 1 number of modules; \fXd\n**, k); 

for (i - 1; , < ((, ♦ 1). j 
rrad_info f&chipCil); 

input signal names */ 
^je tchar( ) j 
fnr (1.1; , < (k ♦ 1, . i,,, ^ 
pr intf("\n\tr»»«««» in,Jut pin info module Xs -

for (j - l! j < (chip( 1 ].inpiit_pin_numb.pin_numb ♦ 1), j*i)chipltl.chipnam); 
raad_in_signal(«.chipt i 1, j, i), » J ' 
> /• for loop 

"* ''eading connection details 

f-.r (I.I; , < ^ 1 ^ 

'"°bule *, information3r n, J <• (chip!I l.output_pin_numb.pin_numb - 1); ♦♦,) •**, chipCil.chipnam); 
rearl^cnnni-rt ion (&rhipt i), j, u, i); ^ 

s^ann'^c-r^s";'^^ gats'r::pn:%;cm"::lr'^"" neighbor a 1gor11hmvt"), 
(jat slot location ♦/'

for (i - 1, , < mpxslOT, i»») 
i>rt_s lot («s lot t 1 1, 1 ) , 

for (1 - 1 ; 1 < MdXSLCT, i»r) 
printfC'Nn slot Xd stx - Sf Stw - XfSn" i .l^.r-ily stNn , 1, slotCiJ.x_centr, slot(i1.y_centr), 

function dawn lops the R (summation) matrix "y 
1 • 1 ; 

> 

rhno«.ir.g the initial chip 

n s -4cr^ t lit J 
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RfnUll - 0; 

pir >r' > t; Iet»tnq systam know this chip has alrnady been selected »/' 

yositdl n; choose slot location */ 

for (i • 1; i < (k * 1); ♦♦i) < 

if (placing (PI, i) •. 1) 

printf("\nThe chips that are unplacad are : *sNn", chipti1.chipnam); 

constructing the connection matrix 
for (I - 1; I < (k t 1); 1 

St rcpiittlodu le( 11, chipC I 1 .ch ipnam) j 

for (i - 1; i < (k ♦ 1); i»*)
for (j - 0: i <- (chipti).output_pin_numb.pin_numb - 1); )♦♦) < 

CC i )C i ] - 0;^ connection_matrix(C, ichiptil, k. Module, i, U, j, o); 
printf("Nn^t ••• CONNECTION MATRIX \n")J 

for(i ■ 1; i < '.k ♦ I); i»*) < 
pr in^t f ("Nn\n" ) ; 
for(l - 1; I < (k ♦ l)j !♦♦)

printfC'Nt crxdlixdl - XdSt", i, I, Cliltll) ; 

E list computation 

for- ( j - 1; j < k ; ♦♦!) < 
for ( I • 1 ; i < (k « 1) ; «<>i ) < 

if (placing (PI, i) 1)
^ F_list (C, I, j, PI, k, F); 

f"! " F_l ist_max (F, PI, k, R);printf ("Chip chosen is \tSsNn iteration number : StXd\n", ch ip 1 nl ]. ch ipn.sm, j); 
y" decides global input & output chips 

if (Glohal_input (nl, o, k) •• 1) < 
printf ("Global input chip is Ns\n", chip(nlI.chipnam); 

loc - search_gi (sposi, nl); 

if (loc > 0) /• means slot auailabia 
< 

printf ("slot chosan is Sd\n", loc); 

else if ( Ioc -- 0) < 
loc - search_gi_2 (sposi, nl); 

if (lor > 0) .means amply slot four 
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pr>ntf ("slot chosen in second try is \d\n", loc); 
> 

o 1se 

'"^oxiKo")Bxitto),wC"/• exit mam program go to next ' 
> 

> /• onrt global input loop •z' 

el isfl iffGIobal_output (nl, o, k) — l) < 
printf ("tlnbsl output chip is SsSn", ch.ptn11.chipnam), 
loc - search_go (sposi, nl); 

(loc > 0) /T" means slot auailabia 

^ printf ("slot chosen is Xd\n", loc); 

* I if (1oc Q) ̂ 
loc - search_go_2 (sposi, nl); 

^•f (loc > 0) means empty slot found 

printf ("slot chosen m second try is Xd\n», loc); 
> 

0 I ISa 

> loc - 0 100^"/'^ "" 9° "»"« ">! 
^ end global output •/ 

/• process general modules •/ 
else If ( y mm ^ 'Y*)< 

loc.pref,r_neigh(nl, 0, PI, sposi, o, k); 
P^.n.f,...nslot location for chip stXs is MXdW, ch ip tn11.chipnam, loc) ; 

> end of eIse if*/ 

e I se < 

'1 - 1: I < MPXSLOT; !♦♦) < 
i f (snosI t I I 0)< 
jpos.in.nl; X. chooses slot for arbitrary case , 
> if •/ 

> 

> '•nd of e 1 se 

> end of iteration loop r 
V 

/"• enp subroutines 
)l»f*qn f )J 

I'T I An 4 1 

62 



� 

� 

� 

 

 

wscnamrU] 'Q* 

wAcnam(11 - 'H' 

WAcnam(2] '0' 

uAcnamC?]• 'Y* 
confroI • 0j 

Iod1en 8; 
jdint<«id, &u»pl,n, w»pnflm,&iodUr>, »/d«u/t t y" Scon tro 1)I 
iuion(&id); ^ j t 
ja^nk(&XSI, &VSI); 

).uind(&y»min, ixymax, iyytnin, &yymax); 
for(, - 1; j < mAXSLOT; i»») 
< 

if (spoaitjl > 0) < ✓» cka if slot is occupied 
p4• sposi t j1; 
p*? - j; 

pr,ntf("\nchip chosen NtfirINt slot numb XdSn", sposilj], i):
drau_boxfAchipCp41, p4, p5); i f i t 

^ end of if loop •/ 
> /• for end •/ 

J UiOff(4i d); 
jwrnd(&id); 
iend< ); 

> end of main 
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tnt ge ^ 1 in«"(») 

a(8n); 
< 

int c, i; 

s/.i I 1°""= " getcharO) |. EOF 4& c I- .N„., j.o 
if (c"-Xn') 

at i J - '\0'; 

roturnCi); 

) )> P, R, 1)
>"» ,, Ptn«Xl,EMGTHHMAXLENGTHl, RiMAXI.EHKTHl(MftXLENGTHl, 1; 

«nt k. 

im fj • 

fnr (k - n: U <- I • ♦ ♦(< ) 

«wr« I tiltKj, 

FO'lMi -

I n t niort_numb() 

int i ; 

of "lodulos in systancst");scan r I *«<3 ^ & I )j 

gctchar(); 

r«turn(i); 
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r«a^_,nfo (.) function roads names of chip, and quantity of pins for 
module »!«; 

< 

'^canfc Ss , m -> chipnam) -■^rfscanf^-xr'""" """"'Sf'-ing)i)& h.t roturnSn"); 
'^fTscanf^'-Md" '"P"' P<no(int) hit roturnSn");or,ntf (••L 1 ' '"P"»-P>n_numb.p,n_numb) - 1)^ "Icanf^"«d"'ocanf( %ld , T'T P'" —im -> output_pin.numb.pin.numb)7oturnSn") 1) 
printf fSnXsSnfsSnSs" .
•• .as... ' 

p.. 
int PttWXl.FNGTHltMOXLFNRTH) , n; 
< 

lot i, mav, j • 
max ■ 0; 

^ ^ +♦!) < /• beginning of loop •/ 
' 'Prnr11 > max) < 

max « P[IU11; 
j ■ i ; 

> 

<■1^0 If (Pti un " max) 
f • 

/ * 

> end of loop •/-
r e f I ir n ( ) ) ; 
> 

pie. ,nq fP, n) X. chorUs if a modulo hauo been soloctod or not 
int PfMCyLFtiGTHH n . 
< 

if tPrnlCl) .. 1) 
re t pjrn ( 0 ) ; 

e I aa 

return (1) : 
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^ (, , J, ,, „ .... ^ 
Modultt " •••• #110 Cdnnaetien 
int j| /• pin nuahar 
int UlnnXLENGrHIlnaxlENGTH)) 
int If noduU nuntoar 

char laiidllSOl, ta(>2(S0lt ^ 

a - I,.1, p.I, ,2, nl, ilf 

P'.-.M-SnSnv,»o, eh,p *. p„,p„, p,„. pp(p„,.^.-> ou.pu.j,.a_»„Ml.p.,_„„^,, 
•Witch (|) < " 

€••• Of 

pa^ntff"S«,n(,r quaatity af aodulaa pin 1 id cannaolad tdlNf)) 

eccc 1: 

baaakl'"^*"'" """'"'•n pm J ia cdnnaetad 
€•»• 7t . • '•' 

etsc 91 

"'"•"••'V •' -Odulaa pin a ia eonnaelad loiM->, 
* «nrt nf switch 

\* (scAnfChiiOp fta .> output_pIn_«uii»b.chip nuMbcr) -- 1> 
pn.n.r l-vaeonnaalad «,dula qoanli.y M*d-,.-> ou.pu.Jlinjiuidi.ehip_n„,«.,,|, 

^AtChAPt)I 
* • a -> ootpMt_pin^noiMl.ehip nwnbcri 
U1 t 11))• V; 

':M:n:::::;i?° ■=— Pin; hi. an.aaC.-,,
alrcn^iln -> nulpulJiin_nua6.aiqnaIjianaln 1, tanp); 
4 I < 

r > 
I> (o •• II \ 

.1. 

pn.nlM-vn.aania, connae.ad ch.pna«a<.,rin,. Ma Cd«.. t cntceNa*)!
pet IincftcapiI 

for (it ■Ot ll < l|n: il»») ( 

if (t*ap(il] ^ ) ' 
brcclif 

• I ^c 
• aoVf ill • »*a>nf « I I • 

II p 
11) • ;

strrp.HM.) oiJtnut^in_nMao.ehip_f.na*|„ I _ 
strcpyla -> dulput.p i n.nuaai., i,„, ^ 

— AJ 

.1 -

n • t { \ < (« ♦ I I ; »«I I i 

ir (p •. 1) 

nl • ctw? • ,) ♦ I), 

•( IU( I H • I •• 0> 
pr.«t(i-\f**.pn,| ns.A« of pm ^ 

: °-P'".P"'-"a«...,na..na-,Inn,,: ' - .. Mm ... 
-.p{ 

-? - <1 

r* t Mf A I V I I 
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Ci^.n^r t t or. k n i ii 

'' ''' •" function gata tha connaction matrix C •/ 
lot ctMftXLEMGTHJ[MAXLEMGTHI k i • ya r i- ..."'"J, K, I, y» c IS ttie connaction matrix "y 

char ntMttXLENGTHHMAXLENGTHJ; 

int WtrlAXLENGTHlttlAXLENGTH)j 

In t i: .' 

fv.nflule ♦!«; 

int o IMfiXl.tMfi FHI (MAXLEHRTHI ; " ' ' 
< 

int 1, b, q, ql; 

int II -1, p, bl, x; 

Char OinAXLEMGTHI, y. connactad to-y 
I - 0; 
ct 1 Id 1 — 0; 

* - iJt i J [ j 1 ; 

For (b « 1; b < (x ♦ 1); ♦♦b) < 

if (II 1) 
h I ■ X ; 

P - ( I > 1 • J ) ♦ b ) ; 
— n ; 

bl - x; 
strcpv (0, m -> oiitput_pin_numb.chip_nometpl)! 

1 -0: 

Uh. la ':»'rcmp (Q, ndl) I- 0 && I < (k ♦ U) 

♦♦r[ 1 l( I I ; 
»-cmt 1 1 ; 

0 ( 1 1 [ M ♦ ♦ ;P^.ntf c...n cCHOICSd. - kl.d . . t«d w, ctUCH. I. 
pr,nff("S„ output matrix is : o I Jfid 11 Tid 1 - Jt5d\n«, i, I, 
1 - n: 
> 

> 
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4^inr;)i.ide "local2.h" 

F_.1 (c, t, ), pi, k, f) F_I ist.c t hr^ f _ 1 i -

jot 1, j. k; /• i is chip id, j is numb, of ifbrst ions, k is numb, of 
inf crn«XI.FNi;TH]fMAXUENQTH I ; /• connection ma f r i x "X 
int pi triAXLENGTHltn; placement matrix •/ 
int f[HAXNPMBERHl 1 ; X»F- list matrix"/ 

< 

int 1, m, n, sj /* temporary uar •/ 

int IMRfR]} 

for (l - l; l < (k » l); l*") < 

1 f ( 1 !- i) < , 
if (pl ClHll "■ 11 < "^k . it module is placed •/ 

save(ml " Ij 

♦ ♦m; 

> 

> /* for 1oop */ 
^ a ( frt 1 * ' \fl ' J 
5 ■ m; 

m ■ 11 ; 

for ( 1 - 1 ; 1 < (k > 1); +♦n 
f .1 r ( m =» n : m < » ( ^ - I ' = * ♦ * 

if ( I ■ ■ ?.av-'p C m 1 ) < 

n +■ c I I 1 M 1 ; 

Vl;3 c,i n ; 
p r 1 n r t C " \n F"_ 1 i t is R I "id 1 ■ Si1 , i , t I i 1 I I J ) ; 
> 
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i nr 1(.1He "1 oca12.h" 

I' funntion gat-a th« slot 1 nr. 11 i ori•% to '.y«.t 

slotl »s; /• var is slot idantjfying stnictufa */ 
int ij /• incr var •/ 

< 

int of " 4: var holds offset value •' 

if (t >-l A& i <- -5) < 

s -> y_(;entr - ?n.n! 

? 7^ y_rentr H4.n - ((i - 1) • R • oft ;>r,,e 'f "4 I I , R ,, i ^ ^ 

s -> y_rentr - .(1 - ,(i .4).g, 
s -> y_centr - ■54.0; 

el .se ,f (i — 7 I I i .. 9 I I , g ) < 
3 -> y_centr « 84.0 - ((i _ 7) . g . 

3 -> y_centr - 92.0; 
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save 

p,, F fMr.,..Mn„ f,,.„. ,f , ,.,, 

tnt FIMAXNllMHERiri}; /« F_ l i,t in;,tr.x 
int k, pi(n«XI R»Jf;iHltl)j k is numb f mod..In, PI ,, 
.n« rCMAXLFNGTHlfMPXLENCTH]; x- r m„tr,x is th, pJ.sF ma^'Tr^r ''' ' 

may; /• temporary variabln?s »/ 

int saueihAXLENGTHl; x. UAR STORES moduls, ..hare a t.e ny.sts •/ 

for (j - 1 ; j < fk ♦ I); *♦,) < 
if (j »" 1) < x» 1st iteration »X 

ma X - f ( ) 1 I I ) J 

^ printf ("Sn ) IS HdSn )); 
else .f ( J > 1 ) < 

.f I max < f t j ) I 1 1 ) < 

^ ma x - t t ) 1 [ 1 1 ; 
> 

> x« for loop »X 

y - 1 ; 

1 - 1; 

for (j = I ; j < ((^ + J) . ♦+,) < saue to resolve ties »,■■ 

it (max -- fCjUin < /• save val..e to resolve ties in tut.ire 'x 
save C[y+♦1v+♦1 •- ji ;! 

> 

> 

for (j »1 ; J < y ; < 
i f ( j 1 ) < 

max - sav^e t i l ; 

tIs e It r 1 I. j) < 

it Ir f max][1 1 < rI j 1 [ 1 ] ) < 
max • save t I 1 ; 

> 

else if IrtmaxHil -- rtjltl]) < 
f"ax - save t j 1 ; 
> 

^ -'Se 1 se if 1 oop »x 

> 

pl lmaxltll ■ 1; /» chip is selected "/ 
f f ma X 1 f 1 ) - 0; 
return (max); /* return selected chip number •/ 
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♦inrhirlB "local?.h" 

r 

— ., ^ 
lot k; /» k IS number of modules 

«• 

int i; /■• i ia increment operator 
int sum " 0; 

for (i - l; i < (k * l); i»«) 
sum ♦- ot i]Cm]; 

(sum > 0) 
r^fMrn (0) : 

a I s 

t urn ( 1 ) ; 

RIobel.output (m, o, k) function finds global output 
.nt m, _ofM«XLENC,THHnAXLENGTH], .. „ module, o is output ma t r . v .. 

tlum - 'or""' •ncrameot opar, sum get, th,. sum -y
for ( , - 1: i < . 

sum ♦- otmH i 1 ; 

I f (sum > n) 
return fO); 

else 

return d); /• r.hio global output «/ 
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#include "local2.h" 

»«arch_gi (s, i) „_ar.h2.c _ ha, th. ^o M.-..,.^ a^. ^h. 
program . «ug 8, 19H7»,' i . i i r t r rnr 

.• inr I, module numbT'""•/ ■' 

< 

'"t j; 

for (j m Ij j 5. 
if (at j] — 

return ( j ) ; alot 

> 
for ( j - 4: j <- 6,; 

if (at j ] --

return (j); 
> 

> for loop enda 
> 

aearch.go (3, .) 
int atMOXBLOT] ; 
int i ; 
< 

int j; 

for (j -7: j <-9; 
if (at i ] ■-

return ( j ) ; 
> /• if 
> 

for (j - 4; j <-
if (at j ] --

return (j); 
> 

> '"♦for oy 

j++( < 
0) < 

stji - i; /'• module 13 located in alntnumhar j --

number returned •/" 

i**) { 
0) < 

a [ j 1 - i ; 

function f.nda the aint location for a glnhal output rh.r 

j»+) < 
0) < /• ohUa if alot is amp t y • ■ 

a f j J - i ; 

j**, < 
0) < 

a f 1 1 - i : 

^ * fiinctinn lool-a for emotii *Iof ■o-\ro'- . I . W . I 
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S«^rcn_g._;^ IS, .) 

sCMAXSIOri-
> nt I • ' 
< 

i n t j; 

(j - 7; j , 
9: i. , J♦♦> <'' fsfj] ■" Q) < 

S t j ] a i 

••eturn f i ) ; 
> ' 
> -'*Fr,r 
> 

, 3':!.1r-ch._go_2 i W» r• function look, to finri - . 
output ctiips _ 2nd try'^I^ '' ' '" ̂  Ol '^hol 

'fMAXSLOTl: 

' f ( 5 f ) I a a (I ) J 

n; 
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) 
r 

? rt J 1 11"^ M "'oc 1 h" 

pr • f ^r n^ f nK ( i n i-i i 

'' ' '■* nr<.l _ ,,,. ^ .•(.■■■ ■.■> I .-.r,.. ,1 !t l -;- r. • ' ■ 
' ■■■'• I liKiflii lp .i-,m» Linf - f MMV",! QT 1 ; ^ ^ I"-"' • ' 

1 r, ^ r I nn;'l.!.-nr; i h 1 rrin>n ruPTH ] I't 
't i l , X* p I 1,,'ilr x . • . I r t , 

y X 

•••■ ► , . ... 
mf I nA:,;si ciT 1 : •'•■-•i .-»• ■ ..■,i 
I n f ,-fi : 

f'T- < .1 ' I ; J < (I: ♦ 1 ) . J, , , , . 
' ■ ' ""'•■> rn I I ,T,, , „ , , , I , 

if f , -- ) ) ( 
t" h.n » ( 1 U , 1 : 
^»"»h»n 1 ■ i ; .*• _i 1' • n ^ r ^ r<.< . r1i I { «» r • • i • 'i ̂  r • 

.'I' •#»» n I ■ t j 

" ^ f-.AOl < . rh.rl, 1>,^ hln.T' It r;„p " C f 1 1 r 1 1 ; ■ < 1 . i. , •
f-„.pl = ,r1r.,,r ,, ,n„ r. , p| .„-,.p ^ , . 
SflV.C f u J ■ J ; I' I ' .1 ri, I |, • 

1 1^ ' f.-.r„p ,:I 1 I r , I nr. , > I , ( 
m ♦ + : 

T, »♦"* I fri I « J J 

> . ♦ o I , f i ,.,, ,p ... 
' ' ^ for [nr. n 
if I ni ^ = II ) 

pr- lnMI" n nnl ; . nr.r. p.-, v , , I nr- . .tPI-,,, 

-nnn...r.r r, pni.,p,e noim^hnr. . v.i „ 
f nr I . .. il ; m-- ) < 

l.TMIll .. 

P'- ir,if," .n chip , l,n = .n ,, . . .„p , , . 
I I ( p 1 f Ir-t.n n f 1 I 1 1 . 

P'-inrn"-. , p| ;,r^p n^i .lhhor rh,p ,, --..-i -.n", i 

*■ '""" ' ' " 1 : i ' MrV.-cj j i I : j ♦ ► i / 
' »» t r> r-.f, [ ) 

tof.p,? = pr.nff I Int n. ,r„p^,. p| -,c»,i r..,-..i,i in , r. ; .;p „ 
' ' f r. r I ,"5 p « * • 

h,.r I^^lerf-d n,o..1i , |» .-.nrp,,, . .. 

' ' ' n ( 1 ] r r f-r„rj 1 ) > i) i f 
pr Kit f ( "\n?.p i^CtPd Chjp -.nnrrr^ i ; 

I 1 I t ot.ip.J ' (I ti>r.>n.-i • 4 , t 
' •"> r ' 1 - I ; 1 < : i ► . i / 

if ( ^ ( I I " 111 ; 
'Ml - , : 

pr-intf t"-n ,|nr ch, iv,, ,„l,..,-t . i , ,
' ' ' ' ^ ' 1 fnrit (n i o J n " I 

• ■ • ... r. . I 1 . ' ' 
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> / "• n r 1 n n p • 

> -■ * i f 1 or.f-i • -

• 1 •. f* i f I I iiip / > 
for f I =t 1 : I ^ -4 : I ^ • 

if I f 1 ] -= Ml / 

f 1 1 

f "i r 1 n f f ( " \ n 1 n f o h o ^ r» f . I r tr . , 'M I .. "• I 

r r- r I j f t 1 ' 

i f ^ ~ f I 1 ^ 11 1 ' 

- f t J - I : 
p f 1 i> t I ' " ^ n - I n f r h !•• • ►■ f. f ri r rnr.- ! ' i l - 'v! r." , 

f . » I I r n ' ! ) : 

1 , 1 f ♦ 

o 1 " ] 1 

I ♦ ' f r ■ fi.r I ' > f'. r. r t <mi.( . 7 ' 1 1 1 i ! 
(or I I = -4 : 1 ' ' : 1 »t 1 

1 ( I A I M - fM ■: 

- f M - I : 

p I 1 n I f f " ' n 1 n f c. fi r. r> r. for ■», r r t Oil rnr.■ ! i | o ! ri " , I i 
r ( I r n Ml ; 

> • for- 1 0' "| n * 7 

fir M = 1 : I a ; ) * ♦ i < 
I f f ^ I M - = HI : 

-Ml - 1 : 
r. - I n M ( n i I o f r \,r, .or. fn t =.r- f .=•• 7 rii. I . I 

r /* f r I r n MM 

M f 1 n r. * /• 

M I f * / 

(u, «Ti n f.- ,v p I ( t , M r M " • ti 
pr inl f < " ^ fi r. .no nl fl-K- i • , I iM r. 

' ■ ' r 

: n ; ; i . i < 

1 . I ' r I 1 - 0 ) •; 
-1 1 1 - t ; 
r .' f ij r n ' I ) ; 

/ • r. rl o ^ rrt /I I n • 
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• inrin " 17.h" 

dr.w.ho.J.C - dr.w, ho,.,""iMl. •»; /. .odul. numh.r 
Rhort i; module number 
•hort q; ,iot number 

'."".(MflXSlOT); ,,o, locion. 

op; 'p";:'. .no 
'O 'ollowing war are for taxt 'f 
shorf „1, tiapUdl; /m „1 ii |„-.i 
char .pi.(char .Xmpl; ' '"P' »«oraa string »/
char tanpligi, .tora. string 

•trcpyttasip, a .> chipnaa); 
nl • atr lan(taisp I;
'or ( il.0, ji , „i, ,1.., 
P»t)ll.taapCjlK string as short 

pc.ntff.vnando,. nuahar vt VdSt slot nuah vt*dvt andwi, na- ^.Vn-, i g » > n 
» tdsaa . sa a » *1 q, m -> Chipnnml!,.loc • alot Cq].K_eentr} 
Vaaaloc « lot(q 1,y^centr; 

j2niflu(&«_ioeI &y^loe)|
itevHtnl, tmpl)| 
i7mou(&x_lne, &y ioe)i 

"laar 

op • •• -> outputj>in_numb.pin_numbj 

- ^-.sa pm,—*'printf<"Snpin numbars ara ISn Tnont """" put pinsi\tKd\t output pinsiMSdvtVn-.ip, np)i 
if c i p > op I 

n • I p; 

n 1 se i f (op > ipI 
n - op; 

e I.^n 

n - .,p; 

n I; /• innrem n •/ 

y«loc • (n • (yofI) /2.0;
printfl \n y locat ion sftar mow. is \tXISn", y_loc); 
jr?mw(*yof, lly_loc); 
printf("\nyof wains is *f\n", yof); 

for ().1; , < n, ^ 
ynf - -6.0; 
jr?dr(&vof, ftyof); 
pnintf("\nj \dSn". j); 
jrjmklftxof ,4yof,itml);
printfCNnj v^alue HdNn", j); 

j^7drt4*of, &yof); 
yof • 7 • yof; 

yof - ynf V -2 Pcaus bottom of bo, «✓ 

pr.ntf.-snoffsat' w"I'Ca'oj'I,;: s^:^.' c%"h"o": r.'! 
for (n 1 ; n <■ ,p. n**) < 

jr7dr(4<of ^ ;'.yof ) ;^jr7mk (4«of ,&-of ,4ml ) ; 

)r'.Mr(4>fn» , i4yof ) ; 
yof • 4. 1)J 
yo f . 2 • (yn f) ; 

)r2dri4yof, 4,of)i Ocsws top of bo, 
^ pnn.K \nral,, ,wa draw ,s : Vn,o f „ t I \ t *1 \n yo » as t : s t M .n-, .ol. yofi; 
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