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ABSTRACT

The timing delay of a net connecting logic cells in field-programmable logic devices

varies considerably (sometimes by a factor of two) depending on the specific routing

resources used. The designer must analyze these delays carefully to minimize the time

period required for the system clock and, hence, to maximize the speed of the system. This

thesis describes a procedure, which has been automated, for improved timing analysis of

these devices. This procedure will perform timing analysis with precise results after the

automatic placement and routing has been completed for a design. The software was

written in the C programming language specifically for the Xilinx family of devices.

However, the procedure has been generalized to be readily adopted to other devices. The

developed software, titled the "PATHFINDER," can be executed on an IBM-compatible

personal computer.
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CHAPTER I

INTRODUCTION

Introduction

Steady advances in the level of integration in electronic circuits have improved

performance and reliability, while reducing system size, power consumption, and costs.

Increasing levels of integration are most evident in microprocessors and memory integrated

circuits. With the need for higher speeds, higher densities, and lower costs, Field-

Programmable Gate Arrays (FPGAs) have become an important alternative in the market

for Application-Specific Integrated Circuits (ASICs) [1]. FPGAs are also very convenient

because of their user programmability.

When a design is initially entered into a logic-level layout, no net delays are taken

into account. After the design has been placed and routed, the physical-level layout embeds

many of the logic gates into Configurable Logic Blocks (CLBs) or some type of logic

modules.

In the Actel FPGA for example, the Actel Logic Module combines four inputs with

four control lines to produce one output. The Xilinx FPGA uses a CLB, which consists of

a 32-by-1 look-up table to implement Boolean functions. A CLB can take any combination

of five inputs and produce two outputs using Boolean functions. This method can also

generate two independent logic functions from four input variables if one variable is

common between the two function generators F and G [1].

For any given design, there exists two representations for FPGAs. Figures 1.1 and

1.2 show the logic-level and physical-level representations of a sample design. As shown,

most of the delays in the logic-level representation are not needed because in the physical

layout many of the gate delays are lumped together. In the physical-level layout, the delays

outside the logic modules are the critical delays that need to be analyzed. More detailed

information about these types of examples will be presented in later chapters.
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The Problem

In particular, the timing characteristics of Xilinx Logic Cell Arrays (LCAs) are

determined primarily by the routing delays that are introduced from the Automatic

Placement and Routing (APR) for the design. The majority of the delay is incurred from

APR because Xilinx LCAs use a programmable interconnect which consists of active

devices [5]. These active devices (transistors or pass gates) coupled with the relatively

large impedance of the LCA metal lines means that "no accurate estimate of timing can be

made prior to APR" [5]. This problem is just the opposite of the typical timing problem

encountered in most ASIC designs. In a typical ASIC, the majority of the typical timing

delays are accounted for by the intrinsic delays of the cells and by predictable lumped

delays on the nets. Accordingly, ASIC timing analysis can be performed with relatively

precise results prior to layout by simply summing intrinsic delays and lumping net

capacitance delays within data paths [5].
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Xilinx LCA designs are difficult to back-annotate because of two reasons. The first

is because many nodes are absorbed into the CLB look-up tables such that most nodes have

zero delay and only the CLB output has a real delay [5]. This is a problem because there is

no specific node on which to place the CLB output delay back on the original design. An

appropriate place would be at a node which contains a flip-flop. The second reason that

back-annotation is difficult is because most of the LCA timing is expressed as "skew delay"

(distortion) on the nets. A given net "X" may have an intrinsic delay of 7.5 nanoseconds

(ns) from the cell, while the routing delay along segment A to one input is one value (e.g. 5

ns) and the delay along segment B is a different value (e.g. 12 ns). This is exemplified in

Figures 1.3 and 1.4. The delay for the net "X" cannot be added as a delay to the cell

driving nodes. The Xilinx library should allow for input delay specification to account for

skew on such nets.
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This thesis is divided into six chapters, beginning with the introduction. Chapter II

outlined FPGAs in general and briefly covers the Xilinx, Actel, Altera, and the Plus Lx)gic

FPGA products. This chapter also shows why simulation is necessary for designing

FPGAs. The third chapter presents information on the Xilinx 3000 Series with detailed

information on CLBs and lOBs.

In Chapter IV, the development of the PATHFINDER program is discussed.

Included in this chapter are the concept and design goals of the PATHFINDER as well as

the algorithm for the PATHFINDER. Also, the destination and source nodes of delay paths

are explained. The fifth chapter analyzes the results for three test cases in which the

PATHFINDER program was applied.

Chapter VI summarizes the automated procedure for improved timing analysis of

FPGAs. This chapter also presents a comparison of the BAX program now offered by

Xilinx and the unique contributions of the PATHFINDER program. The Appendix

contains the PATHFINDER program with the test case .XNF and .LCA files.



CHAPTER II

FIELD-PROGRAMMABLE GATE ARRAYS

A Field-Programmable Gate Array is an integrated circuit (IC) which can be

programmed by the user using electronic signals. These ICs are fabricated with the

connections between transistors "missing"[4]. After entering a schematic and simulating

the design, the designer executes specific software that maps the connections of the

schematic into a string of bits, called a configuration file [4]. Then, this file is downloaded

to the FPGA to "program" the connections of the IC. FPGA technology has made a

significant impact on the design of digital logic ICs because the user can control the

interconnection of a significant number of logic gates (up to 9000 in early 1992).

FPGAs have been used in many applications and the number of FPGA users is

growing rapidly. FPGAs combine the logic integration benefits of custom Very Large

Scale Integration (VLSI) circuits with the design, production, and time-to-market benefits

of a user-programmable device. Logic functions previously performed by multiple TTL

and programmable logic devices (PLDs) can be integrated into a single FPGA device while

avoiding high cost, high risk, and long turnaround times for manufacturing that are

normally associated with custom ASIC designs. FPGAs can hold approximately 1000 to

9000 two-input gates.

FPGAs are particularly appropriate for those applications between traditional simple

and inexpensive TTL-based designs and modem, complex but expensive ASICs [4]. As

shown in Figure 2.1, the FPGA provides the logic designer the best of both worlds - the

flexibility, performance, and high integration levels of mask gate arrays, with the

convenience and simplicity of PLDs.

The logic building blocks in FPGAs are programmable and can be configured to

perform a wider variety of logic and storage functions than that is possible using PLDs. In

addition, FPGAs, which are fabricated in CMOS technology, offer lower power

consumption and more I/O resources than most PLDs which are generally manufactured



using bipolar technology. There are some FPGAs available that have an abundance of flip-

flops that can be used to pipeline data for a design. The products offered by Actel, Xilinx,

Altera and Plus Logic are discussed briefly at the end of this chapter.

Actel and Xilinx are solely FPGA companies, whereas Altera and Plus Logic

manufacture both PLDs and FPGAs. Xilinx is one of the first companies to support the

programmable array concept in the early mid-80's. Actel is a more recent start-up

company, and Altera and Plus Logic are companies which started in the area of

programmable logic devices and have since moved towards the FPGA technology.

Xilinx

The information that will be presented for the Xilinx family of devices will cover

the XC3000 series. The programming technology used by Xilinx contains a static RAM

cell constructed from two cross-coupled inverters [1]. This allows Xilinx to use a standard

CMOS process with no modifications, which is an advantage. Xilinx currently uses a 1.2-

micron CMOS technology for their XC3000 series, although the 0.8-micron technology

has been announced for the XC4(XX) series [2]. The advantage of using static RAM is that

the user can reuse the chips many times, and even reprogram the IC while it is in the

system. Xilinx has introduced its third generation of products (XC4000 series), but is still

shipping the second generation, XC3000 series.

The Xilinx XC3000 logic cell, labeled the Configurable Logic Block, contains both

combinatorial logic and flip-flops. There are five different versions of the XC3000 series

with between 64 and 320 CLBs on each chip. The CLBs have five logic inputs, an

asynchronous direct reset input, an enable clock, and two logic outputs from the two

internal flip-flops. The XiUnx CLB uses a 32-bit look-up table with coefficients stored in

the static RAM to handle the combinatorial logic of the CLBs.

The Xilinx Input/Output Block (lOB) can have the input buffer portion programmed

to be compatible with either TTL or CMOS levels. Configuration program bits for each

JOB control features of an optional output register and provide tri-state and slew-rate

control of the output.
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The interconnect resources for the Xilinx products consists of five vertical and five

horizontal lines that run in a matrix to "switch boxes" between the rows and columns of the

CLBs. These "switch boxes" connect the CLBs using pass transistors at specific points on

the chip, known as Programmable Interconnection Points (PIPs).

Actel

Actel has announced its second generation products (ACT 2), but the information

presented will discuss the ACT 1 architecture. The Actel programming technology uses an

"anti-fuse," which is the opposite of a regular fuse - it is normally an open-circuit until a

large current is passed through it [4]. Once the fuse is blown, it is permanent. The Actel

1010/1020 are the first production devices that use a 2-micron process, while the

1010A/1020A use a 1.2-micron process. The Actel ACT 1 logic cell consists of three two-

input MUXes and an OR gate. Actel does not reveal how the cell is actually implemented.

The way the logic cell is set up, each cell can become an equivalent gate that ranges from a

simple 2-input AND gate to a complex 4-input NOR gate depending on its inputs and

control lines. The Actel modules are highly symmetric, which simplifies the placement and

routing.

The Actel 1010 contains 352 modules: 295 logic and 57 I/O modules in 8 rows by

44 columns The Actel 1020 contains 616 modules: 547 logic and 69 1/0 modules in 14

rows by 44 columns. The Actel I/O module implements a bidirectional and tri-state 1/0 [4],

Placed around the edge of the die are 1/0 modules. Some of these 1/0 cells are reserved to

interface with the core of the array [4]. The Actel interconnect uses segmented routing for

interconnecting the logic cells, and has a variable interconnect delay.

Altera and Plus Logic

Recently, Altera annoimced their newest family of devices (EPM7(X)0 series) that

places their product line into the FPGA arena. Plus Logic is a 1988 start-up company

which uses an architecture similar to that of Altera, but also tries to resemble that of Xilinx.

The first product of Plus Logic is the FPGA2020.



Altera and Plus Logic both use Ultra-VioIet-erasable EPROM (Electrically

Programmable Read-Only Memory) cells [4]. Altera's EPROM cell uses 0.8-micron

CMOS technology. The EPROM cell for Plus Logic is similar to that of Altera's. Plus

Logic's EPROM cell uses 1.5-micron CMOS technology. For programming the EPROM

cells, a high voltage (above 12V) must be applied to the drain of the n-channel EPROM

transistor. This causes electrons under the gate moving towards the drain to move so fast

they "jump" to the floating gate [4]. Once programmed, the n-channel EPROM devices

will remain "off even with a +5V applied to the top gate. This way, any of the

unprogrammed n-channel devices will turn ON with a gate voltage of -i-5V. The EPROM

cells can be erased by applying an ultra-violet light. This application of UV light gives the

stuck electrons enough energy to "jump" back out of the gate.

Altera and Plus Logic are very similar in that they both have fixed pre-layout

delays. Also, the pre-layout timing is equal to the post-layout timing. Therefore, most of

the simulation can be done before the layout since the timing changes only if a second logic

module must be utilized. Because the fixed delays are usually longer for each cell in

comparison to Xilinx or Actel, Altera has fabricated their FPGAs using an intrinsically

faster process (with smaller feature size) than the other companies in order to be

competitive.

The Altera logic cell, called a macrocell, is more complex in size than the Xilinx

CLB but is simpler in architecture [4]. The Altera macrocell is derived from PLA

(programmable AND-OR) and PAL (programmable AND, fixed OR) architectures [4]. The

Plus Logic cell is referred to as a Functional Block (FB). Each FB contains an array of

programmable logic.

The Altera I/O Block uses a tri-state driver that is controlled by a dedicated enable

signal: a macrocell product term [4]. This I/O Block for the Plus Logic FPGA also

contains tri-state drivers with an enable from the FBs. The FPGA2020 contains 36 I/O

Blocks (12 Input Blocks, 22 Output Blocks, and 2 (XOCK/Output blocks). The Altera

devices use a Programmable Interconnect Array (PIA) to control many basic logic array

blocks (LABs). The PIA is a crosspoint switch for logic signals traveling between LABs

[4]. Plus Logic also uses a crosspoint bus to distribute signals within its FPGA [4]. The

9



fixed bus architecture, like Altera's PIA, provides an advantage of fixed routing delays and

improved speed of routing.

Rationale for Simulation

Because the pre-layout and post-layout timing delays are equal for Altera and Plus

Logic, timing analysis can be achieved with few complications. On the other hand, for

Xilinx and Actel, the assumed timing usually changes after placement and routing. This is

where the PATHFINDER program can be used. The PATHFINDER can improve timing

analysis after layout for those FPGAs which do not have constant routing delays.

Thus, the design methodology consists of the following steps. The designer

performs functional simulation after the design has been entered to verify that the circuit

logic is correct before partitioning, placing, or routing the design [6]. Once the design has

been placed and routed, a detailed timing simulation is performed to assess critical paths in

the design. Thus, the purpose of the PATHFINDER is to aid in full-timing simulation.

The following chapter will discuss in detail the Xilinx XC30(X) Series because this

the IC for which the PATHFINDER program was designed. The Xilinx software generates

a report (RPT) file, but it does not contain any information regarding summing of delay

paths. Consequently, the PATHFINDER program can be used to collect this information in

a specified format that enhances the timing analysis which the designer must perform.
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CHAPTER III

THE XILINX 3000 SERIES

Overview of the Architecture

Xilinx's proprietary Logic Cell Array architecture is similar to that of other gate

arrays, with an interior matrix of logic blocks and a surrounding ring of I/O interface

blocks [1]. Interconnect resources occupy the channels between the rows and columns of

logic blocks, and between the logic blocks and I/O blocks. Similar to a microprocessor,

the Logic Cell Array (LCA) is a program-driven logic device. The functions of the LCA's

Configurable Logic Blocks (CLBs), I/O blocks and their interconnections are controlled by

a configuration program stored in an on-chip memory [1]. An overhead view of the top left

section of the Xilinx 3000 Series chip can be seen in Figure 3.1.
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Figure 3.1 Structure of the Logic Cell Array of a Xilinx 3000 Series FPGA
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The PATHFINDER program used the Xilinx 3042 FPGA for timing analysis. The

Xilinx 3042 FPGA is a 12 x 12 matrix which has 4200 gates available for use, 288

combinatorial logic functions (144 CLBs), 480 flip-flops, and 96 Input/Output Buffers

(lOBs). The configuration program is loaded automatically from an external memory on

power-up.

The core of the LCA is a matrix of identical CLBs. For typical applications, system

clock rates are one-third to one-half the maximum flip-flop toggle rate.

Configurable Logic Block

The array of CLBs provides the functional elements from which the user's logic is

constructed [1]. The logic blocks are arranged in a matrix within the perimeter of I/O

Blocks. The blocks' logic functions are implemented by programmable look-up tables.

The XC3042 has 144 such blocks arranged in 12 rows and 12 columns. The user can

define the CLBs and their interconnecting nets by an automatic translation from a schematic

capture logic diagram.

Each configurable logic block has a combinatorial logic section, two flip-flops and

an internal control section as shown in Figure 3.2 [1]. The inputs include: five logic inputs

[.a, .b, .c, .d, .e], a common clock input [.k], an asynchronous direct reset input [.rd] and

an enable clock [.ec]. All of the inputs can be driven from the interconnect resources

adjacent to the blocks. Each CLB also has two outputs [.x and .y] which may drive

interconnect networks [1].

In the combinatorial logic section of the Configurable Logic Block, a 32-by-l look

up table is used to implement Boolean functions. This section takes any combination of

five inputs and produces two outputs using the Boolean functions. This section can also

produce two independent logic functions from four input variables if one variable is

common between the two function generators F and G.

12
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There are also two flip-flops in the CLB which share the enable clock [.ec.] which,

when LOW, refreshes the flip-flops' present states. The user may enable the control inputs

and select their sources [1]. The CLB uses a programmable inversion which eliminates the

need to route both phases of the clock signal throughout the device [1].

Input/Output Block

There are 96 Input/Output Blocks (lOBs) in the XC3042, which provide interfacing

between the internal user logic and the external package pins. The JOB includes input and

output storage elements and input/output options selected by configuration memory cells as

shown in Figure 3.3. These blocks are used to input and output signals from the Xilinx

chip. Each JOB includes both registered and direct input paths [1]. There is also a

programmable three-state output buffer that can be driven by a registered or direct output

signal. The input circuits also have input clamping diodes to prevent electrostatic

discharge.

The input buffer portion of each Input/Output Block provides threshold detection to

translate external signals applied to the package pin to internal logic levels [1]. This global

input-buffer threshold can be programmed to be compatible with either CMOS or TTL logic

levels. The sense of the clock can be inverted as long as all lOBs on the same clock net use

the same clock sense [1]. The clock signals [.ik and .ok] may be chosen from either of the

two metal lines in the die. Each Input/Output Block may have interconnect to the direct

input [.i] or the registered input [.q].

Output buffers of the lOBs provide CMOS-compatible 4 mA (milliamps) source-or-

sink drive for high fan-out CMOS- or TTL-compatible signal levels [1]. The registered or

direct data source for the output buffer is controlled by the OUT pin [.o] of the

Input/Output Block. The output activity is controlled by the three-state control signal [.t].

Flip-flop loop delays for the JOB and logic block flip-flops are about 3 nanoseconds [1].

14
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CHAPTER IV

THE DEVELOPMENT OF THE PATHFINDER PROGRAM

Concept and Design Goals of the PATHFINDER

The design entry and XNF translation steps can be observed in Figure 4.1. These

steps outline where a design begins and where the PATHFINDER program takes effect.

The PATHFINDER program analyzes the timing characteristics from the .xnf file which

contains all the routing information and design logic after the place and routing has been

completed. A speed grade of -100 is used when the place and routing is done.

A goal for the PATHFINDER was to analyze all possible signal delay paths and

determine the maximum clock speed for which the Xilinx FPGA can run. To accomplish

this, several types of signal paths must be found. These signal paths could begin at any of

these blocks: INFF, EBUF, or the input of a D flip-flop. Then the signal paths propagate

through Configurable Logic Blocks (CLBs), until they eventually come to an ending node.

These ending nodes include: OUTFF, OBUF, and DX or DY into flip-flops. From the

entire set of signal paths encountered, PATHFINDER must determine the longest delay

path and then calculate the maximum system clock speed for the IC.

Algorithm for the PATHFINDER

A stand-alone static-timing analysis program was created to determine timing

performance for a logic configurable array on the delays provided in the routed Xilinx

Netiist Format (.xnf) files. The Xilinx 3042 FPGA is the integrated circuit that was used

for performing the timing analysis. In the beginning of the PATHFINDER program the

structures, arrays, and all of the variables are defined. The next step is to set all the initial

values. After all the initial values are set, the PATHFINDER requests the name of the

routed .xnf file, the routed Logic Cell Array (.lea) file, and the name of the data output file.

An initial high-level flowchart is given in Figure 4.2. The final structured flowchart of the

algorithm for the PATHFINDER is presented in Figure 4.3. This algorithm represents the

heart and soul of the PATHFINDER program.
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Once execution of the initial routine is completed, the PATHFINDER opens the .xnf

file and begins searching for destination nodes. The first type of destination node includes

internal D flip-flops. After a destination node is found, the delay path is examined and

analyzed. The program will continue to search for "DFF" until the .xnf file pointer reaches

an end-of-file (EOF) position. When the current .xnf file pointer reaches the EOF position,

the PATHFINDER will then reuse the same file pointer to begin another search for the

second type of destination nodes: Xilinx output blocks.

If a D flip-flop is located, its block name will be stored for reference. Next, the

PATHFINDER will determine whether the signal flow is through the F or G generator, and

if it is an X or Y internal flip-flop. The generators are portions of the CLB which contain a

portion of the combinational logic of the original design.

After the destination nodes have been located, the PATHFINDER will begin

searching for possible source nodes. This is where the PATHFINDER actually does its

most work. The PATHFINDER will trace back from here looking for specific source

nodes. In many cases, the final source node will not be found. Instead, a temporary

source node will be found. These temporary nodes, when traced back, will not lead to any

internal flip-flops or input buffers but instead to F or G generators which then have more

inputs to trace. The extra inputs obviously increase the number of possible delay paths.

The PATHFINDER will continue searching all of the source nodes until all delay paths

have been traced back to a final source node. After any source node is found, the delay

associated with that source is compared to the longest possible path. By calculating the

longest possible path, the maximum clock speed for the FPGA can be determined. The

routine that is used in the PATHFINDER to locate the source nodes is also used to locate

both types of destination possibilities (D flip-flops and Xilinx outputs blocks).
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Table 4.1 shows all the types of maximum delays that may occur in a Xilinx 3000

Series FPGA running at a speed grade of -100. These delays are the maximum of those

encountered for each segment since the purpose of the PATHFINDER is to find the longest

delay path. These delays are also displayed in Figure 4.4. Each delay will be explained

throughout this chapter. The next two sections will discuss the types and characteristics of

destination nodes and source nodes. Listed below is an overview of the possible types of

delay paths that can occur.

1. Input Pad to D-input of flip-flop.

2. Input Pad to Output Pad.

3. Q output from flip-flop to D-input of flip-flop.

4. Q output from flip-flop to Output Pad.

The maximum propagation delays in the above table were established using the lOB

and CLB switching characteristic guidelines found in the Xilinx Programmable Gate Array

Data Book [1]. These delays will be referred to as 'standard' delays for future references.

Some of these 'standard' delays were calculated from data test files using sample designs.

Note that these are not fixed delays, but they are the maximum delays that can occur for

such possible paths. The actual delays may vary in the design, but the purpose of the

PATHFINDER program is to find the longest (i.e. maximum) delay path.
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Signal Propagation Delay Paths Delay (ns) Segment

'IBUF input in JOB 4 A

TNFF' input in JOB 17 B

Propagation through CLB with no flip-flops 11 C

Output QX or QY from CLB flip-flop 8 D

Internal output QX or QY back to F or G generator 13 E

Propagation through just F or G generator 8 F

'OBUF' ouput from lOB 24 G

'OUTFF' output from JOB 27 H

Table 4.1 Maximum Propagation Delays of Possible Paths
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Destination Nodes

A destination node is the ending point of a signal path but is the starting point for

tracing a delay path. It is the point where a signal can no longer go further unless it is

clocked to its next stage.

The first type of destination node is that which is associated with an internal flip-

flop. This node is used as a reference point because the signal must be held internally by a

flip-flop. The PATHFINDER first searches for this type of destination node ('DFF').

There is an 8 ns maximum delay assigned for this type of destination node that will be the

initial delay for delay paths beginning here. Each internal flip-flop has a possibility of five

inputs from which such delay paths may begin. As presented below, there are actually

four types of flip-flop destination nodes possible.

1. Signal propagation through an F generator to an X flip-flop.

2. Signal propagation through an G generator to an X flip-flop.

3. Signal propagation through an F generator to an Y flip-flop.

4. Signal propagation through an G generator to an Y flip-flop.

These signal types are highlighted in Figure 4.5, which shows how the configurable logic

block (CLB) is formed inside a Xilinx 3000 Series FPGA. Each of these types of signals

also has a block name associated with it. The block name is used as a reference to locate

this destination node. In the PATHFINDER, a second file pointer is used to pinpoint and

locate the block names for these delays.

The second type of destination node is a signal path that ends at an output block.

These output blocks are selected as part of the design requirements which restrict the speed

of the Xilinx IC. There are two types of output blocks that will be analyzed; output buffers

(OBUF) and output flip-flops (OUTFF). Both of these types of destination nodes can be

seen in Figures 4.4 and 4.6 of the Input/Output Block. The OBUFs have no flip-flops.

Therefore, the signal passing through an OBUF just simply goes external to the IC without

encountering a stopping point. Because an OBUF node goes external to the IC, it is

considered to be a destination node. With this in mind, the signal path may be continued

on another Xilinx FPGA. The maximum delay for an OBUF is 24 ns. A flip-flop is
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contained in an OUTFF output. Therefore, this is an obvious destination node and also a

"stopping" point. The maximum delay for an OUTFF is 27 nanoseconds.

Source Nodes

For the external input source nodes (I), there is only one possible type of straight

input. This is the "IBUF" input buffer. The source nodes of IBUF can be seen on Figures

4.4 and 4.7 of the Input/Output Block. This is where the external input is being brought

into the Xilinx 3000 Series FPGA through the IBUF. A maximum delay of 4 ns will be

used to account for into the total delay of a signal path.

The next type of source node is one that contains a flip-flop. There are two kinds

of flip-flops that may be used in the Xilinx 3000 Series FPGA. The fmst of which is an

input flip-flop through the lOB. This type of flip-flop, TNFF', brings in an external signal

input into the Xilinx FPGA through a flip-flop. A maximum delay of 17 ns is calculated

for this type of signal flow. The second type of flip-flop is an internal flip-flop located

inside a CLB that has an output of QX or QY. One of the two possible internal flip-flops

(either X or Y) is available for each specific CLB in the Xilinx 3000 Series FPGA. Each

QX or QY output arrives from a corresponding X or Y flip-flop. These types of signal

paths have a maximum delay of 8 ns.

The remaining type of source node in which the net (signal path) is coming from a

CLB is one which has no flip-flops inside it. Therefore, the signal passing through the

logic block goes through the F or G generator. These generators are used to implement

one logic function out of many gates. This type of signal flow greatly increases the

number of possibilities from which the signal path can be sourced. This occurs because

the signal paths being analyzed are those related to flip-flops, of which this type of source

has no flip-flops. Therefore, this type of source node will never be the final soiu"ce node

for a delay path. It can always be traced further back. These types of source paths have a

maximum delay of 11 ns. The labels for these paths have .F or .G suffixes. The possible

source names are labeled as:

*** IBUF, ***.INFF, ***.QX, ***.QY, ***.F, ***.G

Note: the *** is the block name from which the source is located.
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For the sources of IBUF, INFF, and QX or QY, the signal delay path has reached

its final source node. That is, the beginning node of the delay path has been found. What

is meant here is that for the original concept of the PATHFINDER, the purpose was to find

all possible delay paths from flip-flop to flip-flop, or input to flip-flop, or flip-flop to

output. Therefore, after these sources have been located, the source name is registered as

the final source name, and a complete delay path has been found. The total delay path is

now completed after locating any of these sources. After any one of these sources has

been found, the next delay path can be analyzed. In the PATHFINDER, the path number

would be incremented here and the array which contained the final path number, the source

name, the destination name and the total path delay would be destroyed here. Thus, the the

data storage can be recycled for future use. The purpose of the "dff' structure in the

PATHFINDER program is not only to keep the data in an organized manner, but also to

compare it to the longest path encountered at that time. If the current path being analyzed is

the longest path, than the previous one (structure "longdff') is replaced by the current "dff

structure (source name, destination name, total delay, and path number).

To summarize all of the signal propagation delay paths. Table 4.2 is included again.

These signal paths will also be more evident in the test cases discussed in the next chapter.

Signal Propagation Delay Paths Delay (ns) Segment

'IBUF input in lOB 4 A

'INFF' input in lOB 17 B

Propagation through CLB with no flip-flops 11 C

Output QX or QY from CLB flip-flop 8 D

Internal output QX or QY back to F or G generator 13 E

Propagation through just F or G generator 8 F

'OBUF ouput from lOB 24 G

'OUTFF' output from lOB 27 H

Table 4.2 Summary of the Signal Propagation Delay Path
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CHAPTER V

RESULTS

In this chapter, three test cases will be discussed concerning the application of the

PATHFINDER program. Note that many smaller scale test cases were created to establish

the information needed for the PATHFINDER program, but only the three most relevant

ones will be analyzed in this chapter.

Test Case #1 — N5R

Test Case #1 is a sample design created by the author to simulate and examine the

design verification methods of the Xilinx system. Figure 5.1 shows the circuit design,

which was completed using the NET ED (Net Editor) program available from Mentor

Graphics. The name given to this design was N5R. The circuitry for this design after

placement and routing is located in files N5R.XNF and N5R.LCA. Both of these files are

included in the APPENDIX.

As shown in Figure 5.1, this design includes five flip-flops, six exclusive-OR

gates, and six input/output buffers, of which only one is used for output. The design for

this circuit is simple in nature, but its purpose of its design was to make use of more than

one CLB in the Xilinx FPGA. Originally, this design did not contain any flip-flops and

after the placement and routing was completed, the design logic was all placed into one

CLB. Therefore, with the addition of five flip-flops, the Xilinx 3000 Series part was

required to use at least three CLBs since each one can only hold a maximum of two

registers each.

This N5R design, after placement and routing, uses three CLBs and six lOBs in the

Xilinx 3000 Series FPGA. Figures 5.2a and 5.2b show the block layout of how each CLB

and lOB is used on the Xilinx 3042 FPGA for the N5R design. All the delays and labels

are included in these figures.
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Results from Test Case #/

When a comparison is made between the original N5R logic design and the placed

and routed version of the same design, it can be noticed that part of the logic from the

original design is "missing." This is because some the logic in the original N5R design has

been programmed into the function generators of the CLBs using Boolean functions

resulting in a more efficient use of the resources inside the FPGA. An observation that

should also be made is that every component (block) of the Xilinx 3(X)0 Series FPGA is

labeled automatically through the layout process by the Xilinx software.

The PATHFINDER program took approximately 2 minutes to execute using an

IBM-compatible 386 - 20 MHz computer. Tables 5.1, 5.2 and 5.3 include the delay paths

totaled using maximum delays. The order of the tables is respective to how the

PATHFINDER program operates. The output data was placed into the N5R.DAT file.

Table 5.1 Delay Paths for DX or DY's Traced Back to QX or QY

(1) AL.DY from AK.QX

DX->F.B NET X->QX

8 + 0 + 8 = 16.0 ns

(2) AL.DY from AK.QY

DX->F.A NET Y-->QY

8  + 1.2 + 8 = 17.2 ns

(3) AL.DY from AJ.QY

DX->F£ NET X->QX

8  + 1.9 + 8 = 17.9 ns

(4) AL.DY from AJ.QX

DX->F.A NET Y-->QY

8  + 2.2 + 8 = 18.2 ns
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(5) AK.DX from P77.I

DX->F.E NET P77I-->PAD

8  + 1.4 + 4 = 13.4 ns

(6) AK.DY from P79.I

DX->G.B NET P791 -->PAD

8  + 2.9 + 4 = 14.9 ns

(7) AJ.DX from P78.I

DX-->F.A NET P781 ->PAD

8  + 0.0 + 4 = 12.0 ns

(8) AJ.DY from P80.I

DX->G.B NET P80I->PAD

8  + 2.1 + 4 = 14.1 ns

Table 5.2 Delay Paths for DX or DY's traced back to lOBs (input)

(9) P73.0 from AL.QY

OPAD-->.0 NET Y->QY

24 + 0.0 + 8 = 32.0 ns

Table 5.3 Delay Path for lOBs (output) traced back to QY or QX

By observing the above tables, the longest delay path can be found as the delay path

of 32 ns for lOB P73 traced back from CLB AL.QY. The longest delay path in the output

of the PATHFINDER program, N5R.DAT (given in APPENDIX B) matches this longest

delay path of 32.0 ns. The remainder of the delay paths in the N5R.DAT also match the

delay paths in the corresponding tables above. By performing a simple calculation, the

maximum clock frequency can be found:

1
max clock frequency = n = units of MHz

longest delay path

1

max clock frequency = •
3

= 31.25 MHz

2.0 nanoseconds

Therefore, the maximum clock frequency for which the N5R design can run is

31.25 MHz.
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Test Case #2 -- NEW2

Test Case #2 is a sample design created by the author to simulate and examine the

design verification methods of the Xilinx system. This design differs from Test Case #1 in

that it uses only one flip-flop and there is an addition of a Global Clock input. Figure 5.3

shows the circuit design, which was completed using the NET ED (Net Editor) program

available for the Mentor Graphics workstation. The name given to this design was NEW2.

The circuitry for this design, after placement and routing, is located in files NEW2.XNF

and NEW2.LCA. Both of these files are included in the APPENDDC.

As shown in Figure 5.3, this design includes only one flip-flop, six NOR gates and

eight input/output buffers. Of the eight lOBs, one of them is used for output, and one for a

global clock input. The piupose of this design, NEW2, was to include different types of

delays from those tested in the N5R design. Specifically, this design contains a path in

which a signal to flow through only an F or G generator and completely through a CLB

without encountering a flip-flop in that CLB. This type of path existed for the NEW2

design because there are a total of six inputs from the lOBs and each CLB has a maximum

of five inputs. Therefore, one of the CLBs was used to pass through two signals, LINE_A

and LINE_B, then to a NOR gate and subsequently to the next CLB.

This NEW2 design, after placement and routing, uses two CLBs and eight lOBs of

the Xilinx 3(X)0 Series FPGA. There is no block layout diagram included for the NEW2

routed design because it would be very similar to that of the N5R design and hence, was

considered redundant.

Results from Test Case #2

The PATHFINDER program took approximately 2 minutes to execute the analysis

for the NEW2 design using an IBM-compatible 386 - 20 MHz computer. Because of the

nature of the design of NEW2, there were two particular signal paths that were much

longer than other related signal paths. As shown below in Figure 5.4, the output of the

PATHFINDER program, the NEW2.DAT file, lists paths 0 through 3 which have very

similar delays. However, paths 4 and 5 are much larger.
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By observing Figure 5.3, a designer would expect paths 0 through 5 to all have relatively

the same total delay. The reason that they do not is that two of the inputs have been placed

into a second CLB during the placement operation. This change was introduced because

the limit on the number of inputs in each CLB is five. The longest delay path that was

discovered was path 6 which goes from the Y flip-flop output of the LINE_ABCD CLB to

the output buffer pad ABCD_OUT. The longest delay was of 34.2 ns.

FILES ARE: new2.xnf new2.1ca new2.dat

PATH 0
PATH 1

PATH 2

PATH 3

PATH 4

PATH 5
PATH 6

FJN.IBUF —> LINE_ABCD.DY == 13.4 nsec
EJN.IBUF —> LINE_ABCD.DY == 14.9 nsec
DJN.IBUF —> LINE_ABCD.DY == 13.4 nsec
CJN.IBUF —> LINE_ABCD.DY == 12.0 nsec
BJN.IBUF —> LINE_ABCD.DY == 27.6 nsec
A_IN.IBUF —> LINE_ABCD.DY == 26.2 nsec

LINE_ABCD.QY —> ABCD.OUT.OBUF == 34.2 nsec

LONGEST
PATH 6 : LINE_ABCD.QY —> ABCD_OUT.OBUF == 34.2 nsec

Figiu-e 5.4 Output of the PATHFINDER for the NEW2 Design -- NEW2.DAT

By executing the same calculation as before, the maximum clock frequency for the NEW2

design can be computed:

1
max clock frequency = = 29.24 MHz

34.2 nanoseconds

Therefore, the maximum clock frequency for which the NEW2 design can run is

29.24 MHz.
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Test Case #3 — LCAl

Test Case #3 is a design created by Reid Wender of Philips Consumer Electronics

Company in Knoxville, Tennessee. Since this design had proprietary information included

in it, only the .XNF (Xilinx Netlist Format) and the .LCA (Logic Cell Array) files were

given to the author to analyze. This design was also completed on a Mentor Graphics

system using the NET ED program. The name given to this design was LCAl. The placed

and routed design for LCAl is given in the files: LCA1.XNF and LCAl.LCA. Due to the

large size of these files, only partial listings of them are included in the APPENDK.

The LCAl design has 118 blocks (CLBs and lOBs) and 136 nets inside the Xilinx

3000 Series FPGA. The speed was executed at - 100 for the LCAl design. This design

included every type of delay path possible (refer to Table 4.1). There is no block diagram

for the LCAl design included in the report because, as before, it would be unnecessary.

Results from Test Case #3

Note that every block and net for the LCAl design is labeled in the LCAl.XNF and

LCAl.LCA files, even if some of the blocks were not labeled initially. The automatic

placement and routing program assigns some variable names to the unassigned blocks or

nets. These can be observed in the LCAl.XNF file. Since no block diagrams or schematic

were given for the LCAl design, many delay paths had to be searched for using the

technique given in Figure 5.5. This only shows a small portion of the delays to exemplify

the method. This was a long process because of the complexity of the design.

The PATHFINDER program took approximately 5 hours and 15 minutes to execute

using an IBM-compatible 386 - 20 MHz computer due to the complexity of the LCAl

design. To speed up the process, an IBM-compatible 486 - 33 MHz computer with a math

coprocessor was attained. When the PATHFINDER program was executed again, the total

execution time was only about 3 hours. Even though 3 hours was required, vital

information was obtained by using the PATHFINDER program. All of the delay paths

found in the LCAl design were totaled and placed into the LCAl.DAT file.
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N$583<11>.QX

C-->QX<9>
D-->N$328<10>

represents a "ending" node of a delay path
IX<9> is from an lOB input.

C --> IX<9>
B --> $4-CA9 -- C -> IX<9>

-- B -> IX<8>

-- A --> IX<7>

-- D -> $4CA7

This represents a node for which
more possible paths exists.

N$328<10> is the net name that
goes into the D input into a CLB

-- D -> $5-CG4

.. c -> $4-C<3>

-- A -> $5-CP4
-- E --> $4-CG5
.. B -> $4-CP5

more paths

more paths

Figure 5.5 The technique of tracing delay paths from the LCAl.XNF file

There were a total of 1,861 delay paths, of which path 630 was the longest. Path 630

began at the I<2> input flip-flop and worked its way to the D-input flip-flop of CLB

N$583<10>. Its total delay was 138.6 nanoseconds. By executing the same calculation as

before, the maximum clock frequency for the NEW2 design can be computed.

1

max clock frequency = = 7.22 MHz
138.6 nanoseconds

Therefore, the maximum clock frequency for which the NEW2 design can run is

7.22 MHz. This is very vital information for such a large design.
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CHAPTER VI

DISCUSSION AND CONCLUSION

Comparison with the BAX Software

As previously noted, the purpose of the PATHFINDER was to aid in full-timing

simulation. One should perform functional simulation immediately after the design has

been entered. This would verify that the circuit logic is correct before partitioning, placing,

or routing the design [6]. After the design has been placed and routed, timing simulation

should be performed to assess critical paths in the design and thereby verify the

functionality of the design under certain time constraints.

The development of the PATHFINDER program begin in May, 1991. In January

of 1992, Xilinx released a new simulation tool for the XC3000 series called the "BAX"

program [6]. The BAX program creates a routed XNF file using the same net names as

the original schematic. BAX works by first reading in the routed XNF file, the unrouted

MAP file, and the AKA file, if one exits. The AKA file created by MAP2LCA, contains

the hierarchical path names for symbols and signals and the associated abbreviations. BAX

then reads the AKA file to map net names in the routed XNF file back to the MAP file. It

then matches signals and components inside matched pairs of CLBs and lOBs. Next it

adds delays from the XNF file to the matching signal from the MAP file. Finally, the BAX

program generates an XNF file that contains delays corresponding to the original schematic

representation. This XNF file can be translated into an EREL file, which in turn can be

used for performing timing analysis using QuickSim and QuickPath in the Mentor Graphics

environment. An overview of a full-timing simulation flow is shown in Figiu-e 6.1.
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(^LCA^

LCA2XNF D
lca_expand_simJ

EREL

XNF AKA 1 { MAP

BAX

XNF

XNF2EREL

EREL

QuickSim J

Figure 6.1 Full-Timing Simulation Flow
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Contributions of the PATHFINDER Program

The BAX program improves the simulation interface for the XC3000 family by

placing delay information in the original MAP (logic partitioned by XNFMAP) file which

allows the user to use the original schematic for timing simulation. However, it does not

perform the functions as the PATHFINDER program. Thus the BAX program is suitable

for relaying routed information back to the original schematic, but it does not analyze the

data. The PATHFINDER program performs the required timing analysis to find the longest

delay path through an IC after placement and routing has occurred. Hence, the user can

then calculate the maximum clock frequency at which the design can operate. These are the

unique contributions of the PATHFINDER program.

Summary

An algorithm to determine the path delays and to calculate the longest delay path

was developed and automated. For every design that needs to be analyzed, a Xilinx Netlist

Format file and a Logic Ctell Array file is required for performing the timing analysis. All

of the delay paths found with their corresponding total delays are placed into a data file

named by the user. While analyzing the whole design, the PATHFINDER program keeps

track of the longest total delay path encountered. This longest delay path for the design is

placed at the tail end of the data file. This vital information can be used to calculate the

maximum clock frequency at which the FPGA design can execute. Overall, this project

met its goals and is a success.
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APPENDIX A

PATHFINDER PROGRAM

/* FOR: Philips Consumer Electronics Company - Dept 676
(Digital Systems)

PROGRAMMER: Nayan D. Patel

DATE: October 30,1991

PATHFIND.C: This program reads the routed.xnf and routeddca files
to find delay paths from flip-flop to flip-flop, from
flip-flop from input iob's, or from output iob's back
from flip-flops. These paths are used to determine the
maximum delay path to calculate the maximum clock speed
for the Xilinx ASIC. The delay paths are placed into
a structure where they can be stored for later use. */

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct path
{  char dest[20]; /* xxxx.DX, xxxx.OUTFF, xxxx.INFF */
char source[20]; /* xxxx.QX, xxxx.I xxxx.O */
float delay; /* in ns (nano sec) */
intnum; /* pathnumber */

};

void displayC struct path show, FILE *fpdata);
void display2( struct path show);

START MAIN ROUTINE
9k ik 4c 9k 4c 3|c)|c :|c 3|c }fc 3|c 3|c 3|c 3|c 4c 4* 4c % 3|c

char savepath[1500][25], dffpaths[2500][2];
float actualnum, tot^delay[1500];

main ()

j  initialize all variables ******************/

struct path dff, longdff;

char file_xnf[50], file_lca[50], file_out[50], file_dat[50];

char chkstr[80], chkstr2[80], chkstr3[80], chkstr4[80];
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char chkstr5[80], chkstr6[80], chkstr7[80], chkstr8[80];
char tempstr[80];

char dffnanie[30], dfftype[30], iobname[30];

char lookfor[80], lookfordff[80], lookforblk[80], lookforpin[80];
char lookforblknanie[80], lookforblkname2[80], lookforobu^80];
char lookfomet[30], lookfomet2[30], lookforx[30], lookfory[30];
char lookforoutff[80];

char blkname[30], blockname[30], check[3], sourcename[30];
char netname[30], destname[30], temp[5], ch, file3[3], file4[3];

int i, k, j, 1, m, n, p, q, longpath, xnum, xnumber,
int linenumber, dffnumber, blknumber, count, qnum, iobnumber,
int dxlocation, dylocation, pathnum, pathnumber;

FILE *fp, *fp2, *fp3, *fp4, *fp5, *fpdata, *fpout;

count = 0;
dffnumber = 0;
pathnum = 0;
pathnumber = 0;
linenumber = 0;
strcpy (file4, "off);

I************************ Qg-p DATA FILE NAMES FROM USER
:|c ak 3fc 3f( 3k 3k 4c 3k 4c ife 4c 3k 4c altife 3fc 3|c

while (count < 24) /*** clear screen ***/
{  puts("");

count++;

}
puts( "\nFILENAME of routed.xnf file (ex. d:\\test_rt.xnf) ?\n");
gets( file_xnf);
puts( "\nFILENAME of routed.lca file (ex. d:^est_rt.lca) ?\n");
gets( filejca);
puts( "NnFUJENAME of desired output data (ex. outputdat) ?\n");
gets( file_out);
^out = fopen (file_out, "w");

/* strcpy(file_dat,"&");
strcat(file_dat, file_out);
^data = fopen (file_dat, "w"); */

fjprintf (fpout, "\n\nFILES ARE: %s\t%sNt%s\n", file_xnf, file_lca, file_out);

dff.delay = 0.0;
dff.num = 0;
strcpyC dff.source, >0');
strcpyC dff.dest, >0');
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longdff.delay = 0.0;
longdff.num = 0;
strq)y( longdff.source, "NO');
strcpy( longdff.dest, 'NO');

/********** OPEN .xnf file and look for "DFF" in the file *******************/

if (fp = fopen (file_xnf, "r"))
{ /*** look at one line in the .xnf file and place it into the string

that is labeled 'chkstr' ***/

startrif (( fgets( chkstr, 80, fp )) != NULL)
{  linenumber++;

strcpy (check, "DFF");
strcpy (lookfordff, "DFF" );
if (strstr( chkstr, lookfordff) != NULL )
{ dffnuinber++;

/* fprintf
(fpdata,"\n===================================================

*/

/* printf
(■•\n========================================================
============");♦/

/* fprintf
(fpdata,"\n====================~=============================

*/
printf

("\n===============================================:=========
============");

/* fprintf (fpdata,"\ri\t\t NEW checkstring = %s\n", chkstr); */
printf ("\n\t\t NEW checkstring = %s\n", chkstr);

/*** clear previous dff names ***/
strcpy (dffname," ");

for (i = 0; i < 1500; i-i-+)
{  savepath[i][0] = "NO";

totaldelay[i] = 0;
}

for (i = 0; i < 2500; i++)
dffpaths[i][0] = "NO';

for (i = 5; i < 30; i++)
{ ch = chkstr[i]; /*** extract dffname from checkstring ***/
if (ch ==',•)

break;
dffname [ (i-5) ] = chkstrp];

}

strcpy (desmame, dffname); /**♦ change label of dest. name ***/
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for (i = 0; i < 30; i-H-)
{  if (( destname[i] == 'Q') & ( destname[i+l] == 'X'))

destname[i] = 'D';
if (( destname[i] == 'Q') & (destname[i+l] == 'Y'))

destnamep] = 'D';
}
/*** clear other previous data strings ***/
strcpy (blkname," ");
strcpy (sourcename," ");
strcpy (lookforblk, "SYM,");

for (j = 5; j < 30; j++)
{ ch = chkstr[j];
if (ch == •;)

break; /*** exstract part of the block string ***/
lookforblk[j] = ch;
lookforblkg+1] = -V)';
blkname [ 0-5) ] = chkstr[j];

1
strcat (lookforblk, CLB");
/* fprintf( fpdata, "ctffname => %s at line %i dff#= %i", dffname,

linenumber, dffnumber );*/
printf("dffname ===> %s at line %i dff#= %i", dffname, linenumber,

dffnumber);
/* fprintf( fpdata, "blkname => %s", blkname );*/

4c :|c 4c 3|e 4c 3)c ift afc 3)e % i|c ife i|c 3)e4e ak 4c % 4c ak 4c 3k 3k 3fe 3ft 4c ^ 4c % % ̂ 3)c )|e :|e :i|c 4c afc 4e :fc :fe s|e

4e4c3k4c4cy

/*** Use another file pointer to find the block name of dff ***/

if (fp2 = fopen (file_xnf, "r"))
{ blknumber = 0;

/* ^rintf (fpdata, "lookforblk => %s\n\n", lookforblk); */

I* ******** Need this while loop to find chkstr3 ********* */

while (( fgets( chkstr2, 80, ̂ 2 )) != NULL)
{ blknumber-H-;

if (strstr( chkstr2, lookforblk) != NULL)
{ /* fprintf (fpdata, "checkstring 2 = %s", chkstr2); */
break;

}
}
fgets( chkstr3, 80, fp2); /*** need to step two lines ***/
fgets( chkstr3, 80, fp2 );
/* fprintf (fpdata, 'VCONFIG ===> %s ", chkstr3 );*/

*****^
^**************************** [qqJi^ if QX
!|e )|t ;|i 4c ik Ik lit Ik lie ilciit lie 3|t :ic)|c)|e )ti :|i ]|e lit 4t 4c 4c :|e :|C)|C :|r

^4c 4c Ik 4c 4c ik 4c ik 4c 4c ik 4c ik 4c 4c Ik 4c 4c ik ik 4c 4c 4c 4c 4c 4c 4c ik 4c 4c ik 4c 4c 4c 4c 4c Ik 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c Ik 4c 4c Ik 4c 4c 4c 4c 4c 4c 4c 4c ik 4c He 4c Ik
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strcpy (lookfor, ".QX");
if ( strstr( chkstr, lookfor) != NULL)
{ for (k = 12; k < 80; k++)

{  if (( chkstr3[k] == 'D') & ( chkstr3[k+l] == 'X'))
{ dxlocation = k+3; /* LOOK 3 CHAR'S AFTER 'D' of 'DX' */

break;

}
}

find F' after DX

if ( clikstr3 [dxlocation] == 'F )
{ for (j = 0; j <5; j++)
strcpy (dffpaths[j]," ");
for (k = 12; k < 30; k++)
{  if (( chkstr3[k] == 'F ) & ( chkstr3[k+l] == ))

{ n=0;
for (m = k+2; m< k+12; m++)
{  if (chkstr3[m] !=':')
( /* printf ("\nchkstr3[%i] ==> %c", m, chkstr3[m]); */

dffpaths[n][0] =chkstr3[m];
if (chkstr3[m] == 'Q')
{ /* printf ("%c",chkstr3[m+l]);*/
df^aths[n][l] = chkstr3[m+l];
ni++;

}
n++;

if ( clikstr3[m] != " )
{ /* printf (" -> path %i", pathnum ); */
pathnum++;

1
}
if ( chkstr3[m] == '')

break;
}

}
}

)
find G' after DX

if ( chkstr3 [dxlocation] == 'G')
( for(j =0;j <5; j++)

strcpy (dffpaths[j]," ");
for (k = 12; k < 30; k++)
(  if (( chkstr3[k] =='G') & (chkstr3[k+l] ==':'))

{ n=0;
for (m = k+2; m < k+12; m++)
{  if (chkstr3[m] != )
( /* printf ("\nchkstr3[%i] ==> %c", m, chkstr3[ni]); */

(lffpaths[n][0] =chkstr3[m];
if (chkstr3[m] == 'Q')
{ /* printf ("%c",chkstr3[m+l]); */
dffpaths [n] [ 1 ] = chkstr3 [m+1 ];
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m++;

}
n++;

if ( chkstr3[m] != " )
{ /* printf (" "> path %i", pathnum ); */
pathnum++;

}
}
if ( chkstr3[m] == '')

break;

}
}

}
}

**9ic:fc:ic^
******** look at DY if QY

*****^

strcpy (lookfor, ".QY");
if ( strstr( chkstr, lookfor) != NULL)
{ for (k = 12; k < 80; k++)

{  if (( chkstr3[k] == 'D') & (chkstr3[k+l] == 'Y'))
{ dylocation = k+3; /* LOOK 3 CHAR'S AFTER 'D' of 'DY' */

break;

}
}

y************************* find F'after DY **********************/

if ( chkstr3[dylocation] == 'F )
{ for (j = 0; j <5; j++)

strcpy (dffpathslj]," ");
for (k = 12; k < 30; k++)
{  if (( chkstr3[k] == 'F ) & ( chkstr3[k+l] == ':' ))

{ n=0;
for (m = k+2; m < k+12; m++)
{  if (chkstr3[m] != )
{ /* printf ("\nchkstr3[%i] ==> %c", m, chkstr3[m]); */

dffpaths[n][0] =chkstr3[m];
if (chkstr3[m] == 'Q')
{ /* printf ("%c",chkstr3[m+l]); */
dff^aths[n][l] = chkstr3[m+l];
m++;

}
n++;

if ( chkstr3[m] != " )
{ /* printf (" "> path %i", pathnum ); */
pathnum++;

}
}
if ( chkstr3[m] == '')
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break;

}
}

}
}

^ifc:|c:|(«:|ci|c;|c)|c«9|c*9|c lit find G' aftCf DY

if ( chkstr3[dylocation] == 'G')
{ for (j =0; j <5; j++)

strcpy (dffpathslj]," ");
for (k = 12; k < 30; k++ )
{  if (( chkstr3[k] == G") & ( chkstr3[k+l] == ))

{ n=0;
for(m = k+2; m<k+12; m++)
{  if (chkstr3[m] != )
{ /* printf ("\nchkstr3[%i] ==> %c", m, chkstr3[m]); */

dffpaths[n][0] =chkstr3[m];
if (chkstr3[m] == 'Q')
{ /* printf ("%c",chkstr3[m+l]); */
dffpaths[n][l] = chkstr3[m+l];
ni++;

}
n++;

if ( chkstr3[m] != '')
{ /* printf (" "> path %i", pathnum ); */
pathnum++;

}
}
if ( chkstr3[m] == '')

break;
}

}
)

}
}

gnalyze the possible dff paths ******************/

/* right now you know the following :
dffname, dfflinenumber, blockname, destination of path (i.e. dffname)
either DX or DY
destname point xxxx.DX
maximum of 5 possible paths from the one DX or DY in "dffjpaths"
labels of checkstrings

Begin for loop for 5 possible choices of one dff. If it may be
the case that more than five inputs lead to one dff, that will be
taken care of by 'qnum'. 'qnum' is incremented when that may occur */

qnum = 5;
for (q = (); q < qnum; q++)
{  if(q>=1500)

xnum = q-1490;
if ( dffpaths[q][0]=='A' II dffpaths[q][0]=='B' II
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continueout:

"); *!

"); *!

findpath:

dffpaths[q][0]=='C II (iffpaths[q][0]=='D'
dffpaths[q][0]=='E')

{ /* fprintf (fpdata,"\n

/* printf ("\n-

/* fprintf (fpdata,"\ndffpaths[q=%i] = %c", q, dffpaths[q][0]);*/
/* printf ("\ndffpaths[q=%i] = %c", q, dffpaths[q][0]); */

if (q >= 5 ) /*** this is where 'qnum' is used ***/
{  strcpyC lookforpin, "PIN, A, I,");

lookforpin[5] =dffpaths[q][0];

/* fprintf (fpdata, "NnLOOKFORPIN ===> %s", lookforpin);
printf ("ViLOOKFORPIN ===> %s", lookforpin); */

i = 0;
if(q>=1500)

{  if (savepath[xnum][0] == "NO')
{ /* printfCVsavepath SWITCHED"); */
i++;
strcpy (savepath[xnum], savepath[xnum-i]);
totaldelay[xnum] = totaldelay[xnuni-i];

}
}
else
{  if (savepath[q][0] == "NO')
{ /♦ printf("\nsavepath SWITCHED"); */
i++;
strcpy (savepath[q], savepath[q-i]);
totaldelay[q] =totaldelay[q-i];

}
}

if(q>=1500)
{  if (savepath[xnum][0] == NO')
goto findpath;

}
else
{  if (savepath[q][0] == ̂0')
goto findpath;

}

if(q>=1500)
{ dff.delay = totaldelay[xnum];
}
else
{ dff.delay = totaldelay[q];
}

strcpy( dff.dest, destname);
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%s",xnum,chkstr4); */

/*** Use fseek to move the file pointer back 150
characters. This is approximately 5 to 8 lines
depending on the number of characters in the
checkstring4 line ***!

rewind(fip5);

/* printf("NnSEARCH savepath[q=%i] ===> %s",q,savepath[q]);*/
while ((fgets( chkstr4, 80, fp5)) != NULL)
{  if(q>=1500)
{  if (strstr( chkstr4, savepath[xnum]) != NULL)
{ /* printfC'FOUl^ savepath[xnum=%i] ===>

break;

}
}
else

{  if ( strstr( chkstr4, savepath[q]) != NULL)
{ /* printfC'FOUND savepath[q=%i] ===> %s",q,chkstr4); */

if (q>10) strcpy(savepath[q-5],"^");
bre^;

}
}

}

fseek (fp5, -150, SEEK_CUR );
qlookl: while ((fgets( chkstr4, 80, fp5 )) != NULL )

{  if (strstrf chkstr4, lookforpin ) != NULL)
{ /* fprintf (fpdata,"\ncheckstring 4 = %s", chkstr4); */
/* printf ("NnLOOPING checkstring 4 = %s", chkstr4); */
break; !*** break when the chkstr4 is found ***/

)
}
goto continueq; /*** skip part for q < 5 ***/

)

strcpy( lookforpin, "PIN, A, I,");
lookforpin[5] =df^aths[q][0];
/* fprintf (f^data,"\nloolrforpin ===> %s", lookforpin );
printf ( "Nnlookforpin ===> %s", lookforpin); */

dff.delay = 8.0;
strcpy( dff.dest, destname);

fseek (fp2, -150, SEEK.CUR );
qlookl: while ((fgets( chkstr4, 80, fp2)) != NULL)

{  if (strstr( chkstr4, lookforpin) != NULL)
{ /* printf (fpdata,"\ncheckstring 4 = %s", chkstr4); */
/* printf ("\nREGULAR checkstring 4 = %s", chkstr4); */
break;

}
}
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continueq: strcpy (lookfomet, "NO");
strcpyC lookfomet,"Netdelay V)");

for (i = 11; i < 30; i++)
{  if (( chkstr4[i] == •,') & ( q >= 5 ))

gotoqlookl;
if (( chkstr4[i] == & ( q < 5 ))
goto qlool^;

if (( chkstr4[i] == " ) II ( chkstr4[i] == ))
{  lookfomet[(i-3)]='';
break;

}
else
{ netname[(i-11)]= chkstr4[i];
netname[(i-10)] = NO';
lookfomet[(i-2)] =chkstr4[i];
lookfomet[(i-l)] = "NO';

}
}

/* fprintf( fpdata,"\nnetname =====> %s", netname);
printf( "Nnnetname =====> %s", netname);
printf( "Nnlookfomet ==> %s--ENDCHKNn", lookfomet); */

if ( strstr( file3, "on") != NULL)
goto file3open;

loopforiob: if (fp3 = fopen (filejca, "r"))

file3open: { /*** Begin looping finding NET DELAYS ***/
strcpy (file3, "on");
rewind(fp3);

backif: if (( fgets( chkstrS, 80, fp3)) != NULL)
{  if (strstr( chkstrS, lookfomet) != NULL)
{ j=ii;

backtoj: if (j < 30)
{  if ( chkstr5[j] == " )

{ for (k = j+1; k < 80; k++ )
{  if ( chkstr5[k] ==" )
[  temp[0] =chkstr5[(k+l)];

tempfl] = chksti5[(k+2)]
temp[2] = chkstr5[(k+3)]
temp[3] = chkstr5[(k+4)]
temp[4] = chkstr5[(k+5)]

/*** use 'atof to convert the ascii
number to a float number ***/

actualnum = atof(temp);

strcpy (temp," ");
/¤ fprintf (fpdata,"Net delay = %4.1f', actualnum);
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*/

F*/

/* printf ("Net delay = %4.1factualnum); */
break;

}
/* assuming net delays are < 100ns */

}
j=30;

}
}
j++;
if (J<30) goto backtoj;

dff.delay = dff.delay + actualnum;
strcpy( dff.dest, destname);
strcpyC dff.source, "GOING BACK TO CLB");

}
}
else goto contif;
goto backif;

contif: /* printf (fjpdata,"\nfile4 = %sNn", file4); */

if (strstrC file4, "on") != NULL)
goto file4open;

/* FIND WHERE THE SOURCE COULD BE FROM LY,X,G or

if ((fp4 = fopen (file_xnf, "r")) && (fp5 = fopen (file_xnf, "r")))

file4open: { rewind(fp4);
strcpy (file4, "on");
strcpy (lookfometl,", O,");
strcat (lookfometl, nemame);
/* printf ('Wnl ==> %s--ENDCHK\n",lookfomet2); */
while (( fgets( chkstrb, 80, fp4)) != NULL)
{  if ( strstr( chkstr6, lookfometl) != NULL)
{ /* fprintf (fpdata,"\ncheckstring 6 = %s", chkstrb); */

/* printf ("\ncheckstring 6 == %s", chkstr6); */
break;

}
}
if ( chkstr6[5] == T)
{ /* puts ("^SOURCE destination found!"); */
actualnum = 4.0;
fgets( chkstr6, 80, fp4 );
fgets( chkstr6, 80, ̂ 4 );
for (j = 5; j < 30; j++)
{ sourcename [ (j-5) ] = chkstr6[j];

sourcename [ (j-4) ] = "NO";
if ( chkstr6(j] == )
break;
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}
strcat (sourcename, "IBUF");

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpyC dff.source, sourcename);
/* display (dff, fpdata); */
display (dff, fpout);
display2( dfO;
if (dff.delay >= longdff.delay)
{  longdff.delay = dff.delay;

longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

)

pathnumber++;
}

if ( chkstr6[5] == 'Q')
{ /* puts ('VSOURCE destination found !"); */
actualnum = 17.0;
fgets( chkstrti, 80, fp4 );
fgets( chkstrti, 80, fp4 );
fgets( chkstrti, 80, fp4 );
for (j = 5; j < 30; j++)
{  sourcename [ (j-5) ] = chkstr6[j];

sourcename [ (j-4) ] = "NO';
if ( chkstr6[j] == )
break;

}
strcat (sourcename, "INFF");

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.soimce, sourcename);
/* display (dff, fpdata );*/
display (dff, fpout);
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = (fif.delay;

longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

pathnumber++;
)

if ( chkstr6[5] == 'X')
{ /* puts ("\nSOURCE destination found!"); */
strcpy (lookforblkname, "SYM,");
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while ((fgets( chkstr?, 80, fp4)) != NULL )
{  if (strstr( chkstr?, lookforblkname) != NULL)

{ /* printf ("\ncheckstring 7 = %s", chkstr? ); */
break;

}
}
strcpy (iookforbIkname2, "SYM,");
for (j = 5; j < 30; j++)
{  if ( chkstr?[j] =='.')

break;
lookforbIkname2 [j] = chkstr?|j];
lookforbIkname2 [(j+1)] = "NO";
blockname [ (j-5) ] = chkstr?[j];
blockname [ 0-4) ] = "NO';

}
strcat (lookforblkname2,", CLB");
/* printf ("\nlfbn2 ==> %S"ENDCHK",lookforblkname2); */
/* printf CNnblockname ==> %s—ENDCHK",blockname); */
rewind(f^4);

while ((fgets( chkstrS, 80, fp4 )) != NULL )
{  if (strstr( chkstr8, lookforblkname2) != NULL)

{ /* printf ("\ncheckstring 8 = %s", chkstr8 ); */
break;

}
}
fgets( chkstr8, 80, fip4 );
fgets( chkstr8, 80, fp4 );
/* printf ("\ncheckstring 8#2 = %s", chkstr8 ); */

strcpy(lookforx," X:QX");
if (strstr( chkstr8, lookforx) != NULL )
{ strcpy (sourcename, bloclmame);

strcat (sourcename, ".QX");
actualnum = 8.0;

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.source, soimcename);
/¤ display (dff, fpdata );*/
display (dff, fpout);
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = dff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

}
pathnumber-H-;
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strcpy(lookforx," X:QY");
if (strstr( chkstrS, lookforx ) != NULL )
{  strcpy (sourcename, blockname);

strcat (sourcename, ".QY");
actualnum = 8.0;

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.source, sourcename);
/* display (dff, fpdata );*/
display (dff, fpout);
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = dff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

pathnumber-H-;
}

strcpy (lookforx," X:F");
if (strstr( chkstrS, lookforx ) != NULL )
{ strcpy (sourcename, blockname);

strcat (sourcename, ".F");
actualnum = 11.0;
rewind(fp5);
while ((fgets( tempstr, 80, fp5)) != NULL)
{  if (strstr( tempstr, lookfometZ) != NULL)
{ /*printf(" TEMPSTR == %s", tempstr);*/
if (qnum>=1500)
( xnumber = qnum - 1490;

strcpy (savepath[xnumber], tempstr);
strcpy (savepath[xnumber+l], "NO");
/* printf ("\nsavepath[xnumber=%i qnum=%i] ==

% s" ,xnum ber,qnum ,savepath [xnumber]); */
break;

}
else

{ strcpy (savepath[qnum], tempstr);
/* printf ("Nnsavepath[qnum=%i] ==

%s",qnum,savepath[qnum]);*/
break;

}

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy (dff.source, sourcename);
if (qnum>=1500)
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chkstr8[m] );*/

{  totaldelay[xnumber] = dff.delay;
totaldelay[xnumber+l] = 0;
totaldelay[9] =totaldelay[10];

}
else
totaldelay[qnum] = dff.delay;

/* display (dff, fpdata );*/
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = ctff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

k=12;
pathnum = 1;

backtokl: if (( chkstr8[k] == 'F ) & ( chkstr8[k+l] == ))
{ n = qnum;
m = k+2;

backtoml: if (chkstr8[m] != )
{ /* fprintf (^data,"\nchkstr8[%i] ==> %c", m,

/* printf ("\nchkstr8[%i] ==> %c", m, chkstr8[m]); */
dffpaths[n][0] = chkstr8[m];
if (chkstr8[m] == 'Q')
{ /* fprintf (fpdata,"%c",chkstr8[m+l]); */

/* printf ("%c",chkstr8[m+l]);*/
df^aths[n][l] =chkstr8[m+l];
m++;

}
n++;

if ( chkstr8[m] != '')
{ /* fprintf (fpdata," -> path %i", pathnum-1); */

/* printf (" -> path %i", pathnum-1); */
pathnum++;

}
qnum-H-;

}
m-H-;

if ( chkstr8[m] == '') m = 50;
if (m <= 34) goto backtoml;

}
k+-i-;
if (k <= 29) goto backtokl;
if ( strstr( check, "lOB") != NULL)
{
goto continueout;

}
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strcpy(lookforx," X:G");
if ( strstr( chkstrS, lookforx ) != NULL )
{ strcpy (sourcename, blockname);

strcat (sourcename, ".G");
actualnum = 11.0;
rewind(fp5);
while ((fgets( tempstr, 80, fp5)) != NULL)
{  if (strstr( tempstr, lookfometZ) != NULL)
{ /* printf (" TEMPSTR == %s", tempstr); */
if (qnum>=1500)
{ xnumber = qnum -1490;

strcpy (savepath[xnumber], tempstr);
strcpy (savepath[xnumber+l], "NO' );
/* printf ("\nsavepath[xnumber=%i qnum=%i] ==

% s" ,xnumber,qnum, savepath [xnumber]); ¤/
break;

}
else
(  strcpy (savepath[qnum], tempstr);

/* printf ("\nsavepath[qnum=%i] ==
%s",qnum,savepath[qnum]);*/

break;

}

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.source, sourcename);
if (qnum>=1500)
{  totaldelay[xnumber] = dff.delay;
totaldelay[xnumber+l] =0;
totaldelay[9] =totaldelay[10];

}
else
totaldelay[qnum] = dff.delay;

/* display (dff, fpdata );*/
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = ctff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

backtok2:

backtom2:

k=12;
if (( chkstr8[k] == 'G') & (chkstr8[k+l] == ))
{ n = qnum;
m = k+2;
if (chkstr8[m] != )
{ /* fprintf (^data,"\nchkstr8[%i] ==> %c", m.
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chkstr8[m] );*/

)
}

/* printf ("\nchkstr8[%i] ==> %c", m, chkstr8[m] );*/
dffpaths[n][0] = chkstr8[m];
if (chkstr8[m] == 'Q')
{ /* fprintf (fpdata,"%c",chkstr8[m+l]);*/

/♦printf("%c",chkstr8[m+l]); ♦/
cif^aths[n][l] =chkstr8[m+l];
m++;

}
n++;
if ( chkstr8[m] ! = ' ')
{ /♦ fprintf (fpdata," ~> path %i", pathnum-1 );♦/

/♦ printf (" --> path %i", pathnum-1); ♦/
pathnum++;

)
qnum++;

}
m++;
if ( chkstr8[m] == ' ') m = 50;
if (m<= 34) goto backtom2;

}
k++;
if (k <= 29) goto backtok2;
if (strstr( check, "lOB") != NULL)
{ q++;

goto continueout;
)

if ( chkstr6[5] == 'Y')
{ /♦ puts ('VSOURCE destination found !"); */

strcpy (lookforblkname, "SYM,");
while ((fgets( chkstr?, 80, fp4)) != NULL )
{  if (strstr( chkstr?, lookforblkname) != NULL)

{ /♦ printf ("\ncheckstring 7 = %s", chkstr? ); */
break;

}
1
strcpy (lookforblkname2, "SYM,");
for (j = 5; j < 30; j++)
{  if ( chkstr?[j] =='.')

break;
lookforblkname2 [j] = chkstr?[j];
lookforblkname2 [0+1)1 =
blockname [ 0-5) ] = chkstr?[j];
blockname [ 0*4) ] = "^0';

}
strcat (lookforblkname2,", CLB");
/♦ printf ("\nlfbn2 ==> %s--ENDCHK",lookforblkname2); ♦/
/♦ printf ( Vblockname ==> %s~ENDCHK",blockname); ♦/
rewind(fp4);
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while ((fgets( chkstrS, 80, ̂ 4 )) != NULL )
{  if ( strstr( chkstrS, lookforblknamel) != NULL)

{ /* printf ("\ncheckstring 8 = %s", chkstr8 ); */
break;

}
}
fgets( chkstr8, 80, fp4 );
fgets( chkstr8, 80, fp4 );
/* printf ("\ncheckstring 8#2 = %s", chkstr8 ); */

strcpy(lookfory," Y:QY");
if (strstr( chkstr8, lookfory ) != NULL )
{ strcpy (sourcename, blockname);

strcat (sourcename, ".QY");
actualnum = 8.0;

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpyC dff.source, sourcename);
/* display (dff, fpdata );*/
display (dff, fpout);
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = ctff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

}
pathnumber-H-;

strcpy(lookfory," Y:QX");
if (strstr( chkstr8, lookfory ) != NULL )
{  strcpy (sourcename, blockname);

strcat (sourcename, ".QX");
actualnum = 8.0;

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.source, sourcename);
/* display (dff, fpdata );*/
display (dff, fpout);
display2(dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = ctff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}
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}
pathnumber-H-;

strcpy(lookfory,'\0');
strcpy(lookfory," Y:F");
if (strstr( chkstrS, lookfory ) != NULL )
{ strcpy (sourcename, bloclmanie);

strcat (sourcename, ".F");
actualnum = 11.0;
rewind(fp5);
while ((fgets( tempstr, 80, fp5)) != NULL)
{  if (strstr( tempstr, lookfomet2) != NULL)
{ /* printf (" TEMPSTR == %s", tempstr); */

if (qnum>=1500)
{ xnumber = qnum - 1490;

strcpy (savepath[xnumber], tempstr);
strcpy (savepath[xnumber+l], "NO' );
/* printf ("\nsavepath[xnumber=%i qnum=%i] ==

% s" ,xnumber,qnum, savepath [xnumber]); */
break;

}
else
{  strcpy (savepath[qnum], tempstr);

/* printf ("\nsavepath[qnum=%i] ==
%s",qnum,savepath[qnum]);*/

break;

backtokS:

)

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpyC dff.source, sourcename);
if (qnum>=1500)
{  totaldelay[xnumber] = dff.delay;
totaldelay[xnumber+l] =0;
totaldelay[9] =totaldelay[10];

}
else
totaldelay[qnum] = dff.delay;

/* display (dff, fjpdata );*/
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = df^f.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

k=12;
if (( chkstr8[k] == 'F ) & ( chkstr8[k+l] == ))
{ n = qnum;
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m = k+2;
backtomS; if (chkstr8[m] != )

{ /* fprintf (fpdata,"\nchkstr8[%i] ==> %c", m,
chkstr8[m]); */

/* printf ("\nchkstr8[%i] ==> %c", m, chkstr8[m] );*/
dffpaths[n][0] = chkstr8[m];
if (chkstr8[m] == 'Q')
{ /* fprintf (f^data,"%c",chkstr8[m+l]); */

/* printf ("%c",chkstr8[m+l]);*/
df^aths[n][l] = chkstr8[m+l];
m++;

}
n++',

if ( chkstr8[m] != '')
{ /* fprintf (fpdata," -> path %i", pathnum-1 );*/

/* printf (" ~> path %i", pathnum-1 );*/
pathnum+H-;

}
qnum-H-;

}
m+-)-j

if ( chkstr8[m] == '') m = 50;
if (m <= 34) goto backtom3;

}
k+-t-;
if (k <= 29) goto backtok3;
if (strstr( check, "lOB") != NULL)
{ q++;
goto continueout;

}
}

strcpyClookfory," Y:G");
if ( strstr( chkstr8, lookifory ) != NULL )
{ strcpy (sourcename, blockname);

strcat (sourcename, ".G");
actualnum = 11.0;
rewind(fp5);
while ((fgets( tempstr, 80, fp5)) != NULL)
{  if (strstr( tempstr, lookfometi) != NULL)
{ /* printf (" TEMPSTR == %s", tempstr); */
if (qnum>=1500)
{ xnumber = qnum - 1490;

strcpy (savepath[xnumber], tempstr);
strcpy (savepath[xnumber-i-l], NO');
/* printf ("\nsavepath[xnumber=%i qnum=%i] ==

% s" ,xnum ber ,qnum ,savepath[xnumber]); */
break;

}
else
{ strcpy (savepath[qnum], tempstr);

/* printf ("Nnsavepath[qnum=%i] ==
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% s" ,qnum, savep ath [qnum ]); */
break;

}
}

)

chkstr8[m] );*/

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.source, sourcename);
if (qnum>=1500)
{  totaldelay[xnumber] = dff.delay;
totaldelay[xnumber+l] =0;
totaldelay[9] = totaldelay[10];

}
else
totaldelay[qnum] = dff.delay;

/* display (dff, fpdata );*/
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = dff.delay;
longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}

k= 12;
backtok4: if (( chkstr8[k] == 'G') & ( chkstr8[k+l] == ))

{ n = qnum;
m = k+2;

backtom4: if (chkstr8[m] !=':')
{ /* fprintf (f^)data,"\nchkstr8[%i] ==> %c", m,

/* printf ("\nchkstr8[%i] ==> %c", m, chkstr8[m] );*/
dffpaths[n][0] = chkstr8[m];
if (chkstr8[m] == 'Q')
{ /* fprintf (fipdata, "%c",chkstr8[m+l]);*/

/* printf ("%c",chkstr8[m+l]);*/
df^aths[n][l] =chkstr8[m+l];
m++;

}
n++;

if ( chkstr8[m] != " )
{ /* fprintf (fpdata," ~> path %i", pathnum-1 );*/

/* printf (" ~> path %i", pathnum-1 );*/
pathnum+-i-;

}
qnum-i"i-;

}
m++;

if ( chkstr8[m] == '') m = 50;
if (m <= 34) goto backtom4;
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}
k++;
if (k <= 29 ) goto backtok4;
if (strstit check, "lOB") != NULL)
{ q++;
goto continueout;

}
}

}
}
else printf ("\nERROR OPENING FILE %s\n", file_xnf);
/¤ fclose(fp4); */
strcpy (file4, "on");

}
else printf ("\n\nEND OF FILE OR ERROR OPENING FILE ;

%s!!\n\n",file_lca);

fclose (fTp3); /*** REQUIRED FOR LOOPING TO WORK ***/
strcpy (fflei, "off);
if (( strstr(check,"IOB") != NULL) & (q>=qnum ))

goto retumloop;
if ((strstr(check,"IOB") != NULL) & (q!=qnum ))
{ q++;

goto continueout;
}
if (strstr (check, "lOB") != NULL)

goto retumloop; /*** if actually iob loop, return ***/
}

of path if QX or QY here ***************/

if (dffpaths[q][0] == 'Q')
{  strcpy (sourcename, blockname);
if (dffpaths[q][l] == 'X')

strcat (sourcename, ".QX");
if (dffpaths[q][l] == 'Y')

strcat (sourcename, ".QY");
actualnum = 8.0;

dff.delay = dff.delay + actualnum;
dff.num = pathnumber;
strcpy( dff.source, sourcename);
/* display (dff, fpdata );*/
display (dff, fpout);
display2( dff);
if (dff.delay >= longdff.delay)
{  longdff.delay = cfi^f.delay;

longdff.num = dff.num;
strcpy (longdff.source, dff.source);
strcpy (longdff.dest, dff.dest);

}
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pathnumber-H-;
)

}
}
fclose (fp2);

}
}
else goto strt2; /* else and goto are used because they */
goto start; /* would require less space on the stack */

Begin looping for finding output buffer paths **************/
strt2:rewind(fp);

while ((fgets( chkstr, 80, fp )) != NULL )
{  linenumber++;

q = qnum;
if (q>=1500)
xnum = q - 1490;

strcpy (check, "lOB");
strcpy (lookforobuf,", OBUF");
strcpy (lookforoutff,", OUTFF");
if ((strstr( chkstr, lookforobuf) != NULL) II

(strstr( chkstr, lookforoutff) != NULL))
{  iobnumber++;
q++;
if(q>=1500)
xnum = q -1490;

/* fprintf
(fpdata,"\n==================================================:
=================");♦/

printf
(•V=======================================================:
============");

/* l^rintf (fpdata,"\n\n\n\t\t NEW checkstring = %s\n", chkstr );*/
printf ("\n\n\n\t\t NEW checkstring = %s\n", chkstr);
strcpy (iobname," ");
strcpy (blkname, " ");
strcpy (sourcename," ");

strcpy (lookforpin, "PIN, O, I,");
strcpy (lookfomet, "NO");
strcpy (lookfomet,"NetdelayNO");
for (i = 5; i < 30; i++)
{ ch = chkstr[i];
if(ch==V)

break;
iobname [ (i-5) ] = chkstr[i];

}
strcpy (desmame, iobname);
/♦ fprintf( ^data,"iobname ===> %s at line %d iob#= %dNn", iobname,
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linenumber, iobnumber );*/

if (strstr( chkstr, lookforobuf) != NULL)
dff.delay = 24.0;

if (strstr( chkstr, lookforoutff) != NULL )
dff.delay = 27.0;

fseek (fp, -150, SEEK_CUR );
while ((fgets( chkstr, 80, fp )) != NULL )
{  if ( strstr( chkstr, lookforpin ) != NULL)
{ /* fprintf (fpdata,"\ncheckstring = %s", chkstr );*/

/* printf ("\ncheckstring = %s", chkstr); */
break;

}
}
for(j = ll;j <30;j-i"i-)
{  if (( chkstrU] == \0') II ( chkstr[j] == ))
{  lookfomet[(j-3)] = '';

j=30;
}
else
{ netname|j-l 1] = chkstr[j];

netname[j-10] = "NO';
lookfomet[(j-2)] = chkstr[j];
lookfomet[0-l)] = ̂0';

)
}
/* fprintf( fpdata,"\nnetname =====> %s", netname);*/
/* printf( "Vnnetname =====> %s", netname);*/
goto loopforiob;

retumloop: /* puts ("ViMADE RETURNLOOP"); */
/* Use fseek to move file pointer back past found iob position */
fseek (fp, +155, SEEK.CUR );

}
}

else printf ('VNnERROR IN OPENING FILE : %s! !\n\n", file_xnf);

end:
/* fprintf (fpdata,"\nEND OF FILE !!: %s",chkstr );*/
fclose (fp);
/* fputs

("\n\n*******************************************************************
****\n",fpdata);*/
/* fputs

*Nn",fipdata);*/
puts

("\n\n*******************************************************************
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puts

*\n");

/* fprintf (fpdata,"\nLONGEST ");*/
fprintf (fpout,"\n\nLONGEST");
printf("\nLONGEST");
/* display (longdff, fpdata );*/
display (longdff, fpout);
display2 (longdff);

/* fclose(fpdata);
fclose(fpout); */

j************************** end main *******************************/
void display( struct path show, FILE *fpout)
{  fprintf( fpout,"\nPATH %3i: %15s —> %16.15s == %4.1f nsec", show.num,
show.source, show.dest, show.delay);
}
void display2( struct path show)
{ printf( "\nPATH %3i: %15s —> %16.15s == %4.1f nsec", show.num, show.source,
show.dest, show.delay);
}
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APPENDIX B

TEST CASE # 1

N5R.XNF

LCANET 1
PROG, LCA2XNF, Ver. 3.01: File=nayan5_routed.lca Date=Tue Jun 18 07:42:26 1991
PART,3042pc84-100
PWR, 0, GND
PWR, 1, VCC
SYM,' D_IN, lOB, LOC=P77, BLKNM=D_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_D
MODEL
SYM, DJN.IBUF, IBUF
PIN, O, O, LINE_D, 4
PIN, I, I, D_IN, 0
END

ENDMOD
END

EXT, DJN, I, 77
SYM, C_IN, lOB, LOC=P79, BLKNM=C_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE.C
MODEL
SYM, CJN.IBUF, IBUF
PIN, O, O, LINE_C, 4
PIN, I, I, C_IN, 0
END

ENDMOD
END

EXT, C_IN, I, 79
SYM, BJN, I'OB, LOC=P80, BLKNM=B_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_B
MODEL

SYM, BJN.IBUF, IBUF
PIN, O, O, LINE_B, 4
PIN, I, I, BJN, 0
END

ENDMOD

END

EXT, BJN, I, 80
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SYM, ABCD.OUT, lOB, LOC=P73, BLKNM=ABCD_OUT
CFG, Base 10
CFG, Config IN: 0UT:0 TRI:
PIN, O, I, LINE_ABCD
MODEL
SYM, ABCD_OUT.OBUF, OBUF
PIN, O, O, ABCD_OUT, 22
PIN, I, I, LINE_ABCD, 0
END

ENDMOD

END

EXT, ABCD_OUT, 0,73
SYM, A_IN, lOB, LOC=P78, BLKNM=A_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_A
MODEL

SYM, AJN.IBUF, IBUF
PIN, O, O, LINE_A, 4
PIN, I, I, AJN, 0
END

ENDMOD
END

EXT, AJN, I, 78
SYM, LINE_ABCD, CLB, LOC=AL, BLKNM=LINE_ABCD
CFG, Base F
CFG, Config F:B:A:D:C Y:QY X: DY:F DX: RSTDIR: CLK:K ENCLK:
CFG, Equate F=(((B@A)@(A@D))@((A@D)@(D@C)))
PIN, Y, O, LINE_ABCD
PIN, B, I, D_D
PIN, A, I, D_C
PIN, D, I, D_B
PIN, C, I, D_A
PIN, K, I, CLK_LINE
MODEL

SYM, LINE_ABCD.Y, BUF
PIN, I, I, LINE_ABCD.QY, 0
PIN, O, O, LINE_ABCD, 2
END

SYM, LINE_ABCD.QY, DFF
PIN, Q, O, LINE_ABCD.QY, 5
PIN, D, I, LINE_ABCD.F, 0
PIN, C, I, CLK.LINE, 3
SETUP, D, C, +, 2, 5
PULSE, C, +, 5
PIN, GR, I, GLOBALRESET-, 24
PULSE, GR, -, 25
END

SYM, LINE_ABCD.FI, XOR
PIN, O, O, LINE_ABCD.F1, 0
PIN, 1,1, D_C, 1
PIN, 2,1, D_B, 2
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PIN, 3,1, D_B, 2
PIN, 4,1, D_A, 2
END

SYM, LINE_ABCD.F, XOR
PIN, O, O, LINE_ABCD.F, 5
PIN, 1,1, D_D, 0
PIN, 2,1, D_C, 1
PIN, 3,1, D_C, 1
PIN, 4,1, D_B, 2
PIN, 5,1, LINE_ABCD.F1, 0
END

ENDMOD

END

SYM, D_B, CLB, LOC=AJ, BLKNM=D_B
CFG, Base FG
CFG, Config G:B F;A Y:QY X:QX DY:G DX:F RSTDIR: CLK:K ENCLK:
CFG, Equate F=A
CFG, Equate G=B
PIN, B, I, LINE_B
PIN, A, I, LINE_A
PIN, Y, O, D_B
PIN, X, O, D_A
PIN, K, I, CLK_LINE
MODEL
SYM, D_B.X, BUF
PIN, I, I, D_B.QX, 0
PIN, O, O, D_A, 2
END

SYM, D_B.Y, BUF
PIN, I, I, D_B.QY, 0
PIN, O, O, D_B, 2
END

SYM, D_B.F, BUF
PIN, I, I, LINE_A, 0
PIN, O, O, D_B.F, 5
END

SYM, D_B.G, BUF
PIN, I, I, LINE_B, 2
PIN, O, O, D_B.G, 5
END

SYM, D_B.QX, DFF
PIN, Q, O, D_B.QX, 5
PIN, D, I, D_B.F, 0
PIN, C, I, CLK_LINE, 3
SETUP, D, C, +, 2, 5
PULSE, C, +, 5
PIN, GR, I, GLOBALRESET-, 24
PULSE, GR, -, 25
END

SYM, D_B.QY, DFF
PIN, Q, O, D_B.QY, 5
PIN, D, I, D_B.G, 0
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PIN, C, I, CLK.LINE, 3
SETUP, D, C, +, 2, 5
PULSE, C, +, 5
PIN, GR, I, GLOBALRESET-, 24
PULSE, GR, -, 25
END
ENDMOD

END

SYM, D_D, CLB, LOC=AK, BLKNM=D_D
CFG, Base EG
CFG, Config F:E G:B X:QX Y:QY DX:F DY:G RSTDIR: CLK:K ENCLK:
CFG, Equate F=E
CFG, Equate G=B
PIN, E, I, LINE_D
PIN, B, I, LINE_C
PIN, X, O, D_D
PIN, Y, O, D_C
PIN, K, I, CLK.LINE
MODEL

SYM, D_D.X, BUF
PIN, I, I, D_D.QX, 0
PIN, O, O, D_D, 2
END

SYM, D_D.Y, BUF
PIN, I, I, D_D.QY, 0
PIN, O, O, D_C, 2
END

SYM, D_D.F, BUF
PIN, I, I, LINE_D, 1
PIN, O, O, D_D.F, 5
END

SYM, D_D.G, BUF
PIN, I, I, LINE_C, 3
PIN, O, O, D_D.G, 5
END

SYM, D_D.QX, DFF
PIN, Q, O, D_D.QX, 5
PIN, D, I, D_D.F, 0
PIN, C, I, CLK_LINE, 3
SETUP, D, C, +, 2, 5
PULSE, C, +, 5
PIN, GR, I, GLOBALRESET-, 24
PULSE, GR, -, 25
END

SYM, D_D.QY, DFF
PIN, Q, O, D_D.QY, 5
PIN, D, I, D_D.G, 0
PIN, C, I, CLK.LINE, 3
SETUP, D, C, +, 2, 5
PULSE, C, +, 5
PIN, GR, I, GLOBALRESET-, 24
PULSE, GR, -, 25
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END

ENDMOD
END

SYM, GCLK, GCLK
PIN, I, I, CLKJN, 0
PIN, O, O, CLK_LINE, 1
END

EXT, CLKJN, I
EXT, GLOBALRESET-, I, 54
EOF
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N5R.LCA

; LCA Design=nayan5 Part=3042pc84 -- Blocks=10 Nets=l 1.
; Program=APR Version=3.02 Date=Tue Jun 18 07:42:15 1991.
Design 3042pc84
Speed-100
Addnet CLK_IN TCLKIN.I GCLK.I
Netdelay CLKJN GCLK.I 0.0
Addnet CLK_LINE GCLK.O AK.K AJ.K AL.K
Netdelay CLK_LINE AK.K 2.8 AJ.K 2.8 AL.K 2.8
Addnet D_AAJ.XAL.C
Netdelay D_A AL.C 1.9
Addnet D_BAJ.YAL.D
Netdelay D_B AL.D 2.2
Addnet D_CAK.YAL. A
Netdelay D_CAL. A 1.2
Addnet D_DAK.X AL.B
Netdelay D_D AL.B 0.0
Addnet LINE_A P78.I AJ.A
Netdelay LINE_A AJ.A 0.0
Addnet LINE_ABCD AL.Y P73.0
Netdelay LINE.ABCD P73.0 0.0
Addnet L1NE_B P80.1 AJ.B
Netdelay L1NE_B AJ.B 2.1
Addnet L1NE_C P79.1 AK.B
Netdelay L1NE_C AK.B 2.9
Addnet L1NE_D P77.1 AK.E
Netdelay L1NE_D AK.E 1.4
NProgram AK.X:AL.B AJ.A:PAD19.1 PAD25.0:AL.Y AJ.20.1.8 AJ.20.1.16 AJ.20.1.5
AJ.20.1.19 AK.20.1.5 AK.20.1.19 BL.20.1.9 BL.20.1.15 GCLK.LTCLKlN.l
AL.20.1.11 AL.20.1.16 col.J.long.O:AJ.K col.K.long.O:AK.K col.L.long.O:AL.K
col.J.long.O:GCLK.O col.K.long.O:GCLK.O col.L.long.O:GCLK.O row.A.local.LAK.B
col.L.local.3:AL.A row.A.local.4:AJ.B col.L.local.4:AL.D row.B.local.5:AL.C
col.K.local.5:AK.E coI.L.local.3:AK.Y row.A.local.4:AJ.Y row.B.local.5:AJ.X
row. A.local. 1 :PAD 18.1 col.K.local.5 :PAD20.1
NProgram row.A.local.4:PAD17.1
Nameblk P78 A_1N
EditblkP78
Base lO

ConfiglN:10UT: TRl:
Endblk
Nameblk P73 ABCD_OUT
EditblkP73
Base 10

ConfiglN:OUT:OTRl:
Endblk
Nameblk P80 B_1N
EditblkP80
Base 10
Config 1N:10UT: TRl:
Endblk

Nameblk P79 C_1N
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EditblkP79
Base 10
ConfigIN:IOUT;TRI:
Endblk
NameblkAJD_B
EditblkAJ

Base EG
Config G:B F:A Y:QY X:QX DY:G DX:F RSTDIR: CLK:K ENCLK:
Equate G = B
Equate F = A
Endblk
Nameblk AK D_D
EditblkAK

Base EG
Config F:E G:B X:QX Y:QY DX:F DY:G RSTDIR: CLK:K ENCLK:
Equate F = E
Equate G = B
Endblk
Nameblk P77 D_IN
EditblkP77

Base lO
Config IN:IOUT: TRI:
Endblk
Nameblk AL LINE_ABCD
EditblkAL

Base F
Config F:B:A:D:C Y:QY X: DY:F DX: RSTDIR: CLK:K ENCLK:
Equate F = (((B@A)@(A@D))@((A(a)D)@(D@C)))
Endblk
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N SR. DAT

FILES ARE; nSr.xnf nSr.Ica n5r.dat

PATH

PATH
PATH

PATH

PATH

PATH

PATH

PATH

PATH

D_D.QX —> LINE_ABCD.DY
D_D.QY —> LINE_ABCD.DY
D_B.QY —> LINE_ABCD.DY
D_B.QX —> LINE_ABCD.DY

A_IN.IBUF
BJN.IBUF
DJN.IBUF
C IN.IBUF

—>

—>

—>

—>

D_B.DX
D_B.DY
D_D.DX
D D.DY

== 16.0 nsec
== 17.2 nsec
== 18.2 nsec
== 17.9 nsec

== 12.0 nsec
== 14.1 nsec

== 13.4 nsec
== 14.9 nsec

LINE_ABCD.QY —> ABCD_OUT.OBUF ==32.0 nsec

LONGEST
PATH 8: LINE_ABCD.QY —> ABCD_OUT.OBlJF ==32.0 nsec
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APPENDIX C

TEST CASE # 2

NEW2.XNF

LCANET 1

PROG, LCA2XNF, Ver. 3.01: File=nayan5_routed.lca Date=Mon Sep 9 08:57:57 1991
PART,3042pc84-100
PWR, 0, GND
PWR, 1, VCC
sym! fjn, job, L0C=P69, BLKNM=F_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_F
MODEL
SYM, FJN.IBUF, IBUF
PIN, O, O, LINE_F, 4
PIN, I, I, FJN, 0
END

ENDMOD
END

EXT, F_IN, I, 69
SYM, E_IN, lOB, LOC=P70, BLKNM=E_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_E
MODEL

SYM, EJN.IBUF, IBUF
PIN, O, O, LINE_E, 4
PIN, I, I, EJN, 0
END

ENDMOD
END

EXT, EJN, I, 70
SYM, D_IN, lOB, LOC=P67, BLKNM=DJN
CFG, Base lO
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_D
MODEL
SYM, DJN.IBUF, IBUF
PIN, O, O, LINE_D, 4
PIN, I, I, DJN, 0
END

ENDMOD
END

EXT, D JN, I, 67
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SYM, C_IN, lOB, LOC=P68, BLKNM=C_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_C
MODEL
SYM, C.IN.IBUF, IBUF
PIN, O, O, LINE_C, 4
PIN, I, I, C_IN, 0
END

ENDMOD
END

EXT, C_IN, I, 68
SYM, B_IN, lOB, LOC=P65, BLKNM=B_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_B
MODEL
SYM, B.IN.IBUF, IBUF
PIN, O, O, LINE_B, 4
PIN, I, I, B_IN, 0
END

ENDMOD
END

EXT, B_IN, I, 65
SYM, ABCD.OUT, lOB, LOC=P66, BLKNM=ABCD_OUT
CFG, Base 10
CFG, Config IN: 0UT:0 TRI:
PIN, O, I, LINE_ABCD
MODEL
SYM, ABCD_OUT.OBUF, OBUF
PIN, O, O, ABCD_OUT, 24
PIN, I, I, LINE.ABCD, 0
END

ENDMOD
END

EXT, ABCD_OUT, O, 66
SYM, N$571, CLB, LOC=GL, BLKNM=N$571
CFG, Base F
CFG, Config F:B:C Y:F X: DY: DX: RSTDIR: CLK: ENCLK:
CFG, Equate F=~(B+C)
PIN, Y, O, N$571
PIN, B, I, LINE_B
PIN, C, I, LINE_A
MODEL
SYM, N$571.Y, BUF
PIN, I, I, N$571.F, 0
PIN, O, O, N$571, 2
END

SYM, N$571.F, NOR
PIN, O, O, N$571.F, 5
PIN, 1,1, LINE_B, 1
PIN, 2,1, LINE_A, 0
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END

ENDMOD
END

SYM, A_IN, lOB, LOC=P63, BLKNM=A_IN
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, LINE_A
MODEL
SYM, AJN.IBUF, IBUF
PIN, O, O, LINE_A, 4
PIN, I, I, A_IN, 0
END

ENDMOD

END

EXT, A_IN, I, 63
SYM, LINE.ABCD, CLB, LOC=EL, BLKNM=LINE_ABCD
CFG, Base F
CFG, Config F:B:A:E;D:C Y:QY X: DY:F DX: RSTDIR: CLK:K ENCLK:
CFG, Equate F=~(~(~(B+A)+~(D+C))+~(~(D+C)+E))
PIN, E, I, N$571
PIN, B, I, LINE_F
PIN, A, I, LINE_E
PIN, D, I, LINE_D
PIN, C, I, LINE_C
PIN, Y, O, LINE_ABCD
PIN, K, I, CLK.LINE
MODEL
SYM, LINE_ABCD.Y, BUF
PIN, I, I, LINE_ABCD.QY, 0
PIN, O, O, LINE.ABCD, 2
END

SYM, LINE_ABCD.QY, DFF
PIN, Q, O, LINE_ABCD.QY, 5
PIN, D, I, LINE_ABCD.F, 0
PIN, C, I, CLK_LINE, 3
SETUP, D, C, +, 2, 5
PULSE, C, +, 5
PIN, GR, I, GLOBALRESET-, 24
PULSE, GR, 25
END

SYM, LINE_ABCD.F1, NOR
PIN, O, O, LINE_ABCD.F1, 0
PIN, 1,1, LINE_F, 1
PIN, 2,1, LINE_E, 3
END
SYM, LINE_ABCD.F2, NOR
PIN, O, O, LINE_ABCD.F2, 0
PIN, 1,1, LINE_D, 1
PIN, 2,1, LINE_C, 0
END

SYM, LINE_ABCD.F3, NOR
PIN, O, O, LINE_ABCD.F3, 0
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PIN, 1,1, LINE_ABCD.F1, 0
PIN, 2,1, LINE_ABCD.F2, 0
END

SYM, LINE_ABCD.F4, NOR
PIN, O, O, LINE_ABCD.F4, 0
PIN, 1,1, LINE_D, 1
PIN, 2,1, LINE_C, 0
END

SYM, LINE_ABCD.F5, NOR
PIN, O, O, LINE_ABCD.F5, 0
PIN, 1,1, LINE_ABCD.F4, 0
PIN, 2,1, N$571, 3
END

SYM, LINE_ABCD.F, NOR
PIN, O, O, LINE_ABCD.F, 5
PIN, 1,1, LINE_ABCD.F3, 0
PIN, 2,1, LINE_ABCD.F5, 0
END
ENDMOD
END

SYM, GCLK, GCLK
PIN, I, I, CLKJN, 0
PIN, O, O, CLK.LINE, 1
END

EXT, CLK.IN, I
EXT, GLOBALRESET-, I, 54
EOF
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NEW2.LCA

; LCA Design=nayan5 Part=3042pc84 - Blocks=l 1 Nets=10.
; Program=APR Version=3.02 Date=Mon Sep 9 08:57:56 1991.
Design 3042pc84
Speed-100
Addnet CLK_IN TCLKIN.I GCLK.I
Netdelay CLK_IN GCLK.I 0.0
Addnet CLK_LINE GCLK.O EL.K
Netdelay CLK_LINE EL.K 2.8
Addnet LINE_A P63.I GL.C
Netdelay LINE_A GL.C 0.0
Addnet LINE_ABCD EL. Y P66.0
Netdelay LINE_ABCD P66.0 2.2
Addnet LINE_B P65.I GL.B
Netdelay LINE_B GL.B 1.4
Addnet LINE_C P68.I EL.C
Netdelay LINE_C EL.C 0.0
Addnet UNE_D P67.I EL.D
Netdelay LINE_D EL.D 1.4
Addnet LINE_E P70.I EL. A
Netdelay LINE_E EL. A 2.9
Addnet LINE_F P69.I EL.B
Netdelay LINE_F EL.B 1.4
Addnet N$571 GL.YEL.E
Netdelay N$571 EL.E 3.2
NProgram PAD33.I:EL.C PAD37.I:GL.C GM.20.1.0 GM.20.1.13 DM.20.1.1
DM.20.1.14 FM.20.1.4 FM.20.1.11 EM.20.1.0 EM.20.1.19 GCLK.LTCLKIN.I
FM.20.1.14 FM.20.1.19 col.L.long.O:EL.K col.L.long.O:GCLK.O row.E.local.LEL.A
row.F.local. 1 :EL.E row.E.local.4:EL.B row.G.local.4:GL.B row.F.local.4:EL.D
col.M.local.2:GL.Y col.M.local.5:EL.Y col.M.local.2:PAD30.I row.E.local.4:PAD32.I
row.F.local.4:PAD34.I row.G.local.4:PAD36.I col.M.local.4:PAD35.0
NameblkP63A_IN
EditblkP63
Base 10
ConfigIN:IOUT: TRI:
Endblk
Nameblk P66 ABCD_OUT
EditblkP66
Base 10
ConfigIN:OUT:OTRI:
Endblk
Nameblk P65 B_IN
EditblkP65
Base 10
ConfigIN:IOUT: TRI:
Endblk
Nameblk P68C_IN
EditblkP68

Base lO
Config IN:IOUT: TRI:
Endblk
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NameblkP67D_IN
EditblkP67

Base 10
ConfigIN:IOUT:TRI:
Endblk
NameblkP70E_IN
EditblkP70

Base lO
Config IN:IOUT: TRI:
Endblk

Nameblk P69 F_IN
EditbIkP69

Base 10
Config IN:I OUT: TRI:
Endblk
Nameblk EL LINE.ABCD
EditblkEL

Bd.SC F
Config F:B:A:E:D:C Y:QY X: DY:F DX: RSTDIR: CLK:K ENCLK:
Equate F = ~(~(~(B+A)+~(D+C))+~(~(D+C)+E))
Endblk

Nameblk GLN$571
EditblkGL

Base F
Config F:B:C Y:F X: DY: DX: RSTDIR: CLK: ENCLK:
Equate F = ~(B+C)
Endblk
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NEW2.DAT

FILES ARE : newl.xnf new2.1ca new2.dat

PATH

PATH

PATH

PATH

PATH

PATH

PATH

FJN.IBUF
EJN.IBUF
D_IN.IBUF
CJN.IBUF
BJN.IBUF
A IN.IBUF

--> LINE_ABCD.DY
--> LINE_ABCD.DY
---> LINE_ABCD.DY
--> LINE_ABCD.DY
--> LINE_ABCD.DY
---> LINE ABCD.DY

== 13.4 nsec
== 14.9 nsec
== 13.4 nsec
== 12.0 nsec

== 27.6 nsec
== 26.2 nsec

LINE_ABCD.QY —> ABCD_OUT.OBUF == 34.2 nsec

LONGEST
PATH 6: LINE.ABCD.QY —> ABCD_OUT.OBUF == 34.2 nsec
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APPENDIX D

TEST CASE # 3

Partial Listing of LCAl.XNF

LCANET 1
PROG, LCA2XNF, Ver. 3.01: File=lcal.lca Date=Wed Sep 18 05:38:31 1991 -
PART,3042pc84-100
PWR, 0, GND
PWR, 1, VCC
SYm! matrix, job, L0C=P66, BLKNM=MATRIX
CFG, Base 10
CFG, Config IN:I OUT: TRI:
PIN, I, O, N$454
MODEL

SYM, MATRK.IBUF, IBUF
PIN, O, O, N$454, 4
PIN, I, I, MATRIX, 0
END

ENDMOD
END

EXT, MATRDC, I, 66
SYM, N$367<0>, CLB, LOC=GB, BLKNM=N$367<0>
CFG, Base F
CFG, Config F:B:D:E:A:C Y:F X: DY: DX: RSTDIR: CLK: ENCLK:
CFG, Equate
F=((B*~D)+(D*~((~(~E*~A*C)*~(~E*C)*~(~E*~A*C))*(~(E*~A*~C)*-(E*~C)*~(E*-
A*~C)))))
PIN, C, I, N$583<2>
PIN, A, I, N$583<1>
PIN, D, I, N$454
PIN, B, I, N$451<0>
PIN, Y, O, N$367<0>
PIN, E, I, N$359<0>
MODEL
SYM, N$367<0>.Y, BUF
PIN, I, I, N$367<0>.F, 0
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SYM, $2-C<l>.F5, NAND
PIN, O, O, $2-C<l>.F5, 0
PIN, 1,1, QX<3>, 4, INV
PIN, 2,1, QX<4>, 4, INV
END

SYM, $2-C<l>.F6, NAND
PIN, O, O, $2-C<l>.F6, 0
PIN, 1,1, QX<3>, 4, INV
PIN, 2,1, DC<1>, 5
PIN, 3,1, N$328<1>, 2
END
SYM, $2-C<l>.F7, NAND
PIN, O, O, $2-C<l>.F7, 0
PIN, 1,1, QX<3>, 4, INV
PIN, 2,1, QX<4>, 4, INV
PIN, 3,1, DC<1>, 5
END

SYM, $2-C<l>.F8, AND
PIN, O, O, $2-C<l>.F8, 0
PIN, 1,1, $2-C<l>.F5, 0
PIN, 2,1, $2-C<l>.F6, 0
PIN, 3,1, $2-C<l>.F7, 0
END

SYM, $2-C<l>.F, NAND
PIN, O, O, $2-C<l>.F, 5
PIN, 1,1, $2-C<l>.Fl, 0
PIN, 2,1, $2-C<l>.F2, 0
PIN, 3,1, $2-C<l>.F3, 0
PIN, 4,1, $2-C<l>.F4, 0
PIN, 5,1, $2-C<l>.F8, 0
END
ENDMOD
END

EXT, GLOBALRESET-, I, 54
EOF
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Partial Listing of LCAl.LCA

; LCA Design=iqmatrix Part=3042pc84 ~ Blocks=l 18 Nets=136.
; Program=APR Version=3.02 Date=Fri Jun 21 08:40:50 1991.
Design 3042pc84
Speed-100
Addnet $2-C<l> FB.X GC.B FC.B EC.C
Netdelay $2-C<l> GC.B 1.6 FC.B 0.3 EC.C 2.2
Addnet $2-C<3> EC.X ED.B DD.D DE.C
Netdelay $2-C<3> ED.B 0.3 DD.D 2.8 DE.C 3.2
Addnet $2-CA5 DE.X DF.B
Netdelay $2-CA5 DF.B 0.0
Addnet $2-CA7 CF.X BH.E CH.C
Netdelay $2-CA7 BH.E 2.7 CH.C 2.4
Addnet $2-CA9 BH.X CI.B BI.B
Netdelay $2-CA9 CI.B 1.4 BI.B 0.1
Addnet $2-CG5 CD.Y CE.E DE.B
Netdelay $2-CG5 CE.E 1.2 DE.B 4.1
Addnet $2-CP5 CD.X CE.B DE.A
Netdelay $2-CP5 CE.B 0.1 DE.A 1.3
Addnet $3-N$126 BG.Y BI.A
Netdelay $3-N$126 BI.A 2.2
Addnet $3-N$134 AH.X BI.E
Netdelay $3-N$134 BI.E 2.0

Config IN:FF:IQ OUT: TRI:
Endblk
Nameblk P3 Q<7>
EditblkP3
BaselO
Config IN:FF:IQ OUT: TRI:
Endblk
Nameblk P6 Q<8>
EditblkP6
Base lO
Config IN:FF:IQ OUT: TRI:
Endblk
Nameblk P80 Q<9>
EditblkP80
BaselO
Config IN:FF:IQ OUT: TRI:
Endblk
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Partial Listing of LCAl.DAT

FILES ARE: Ical.xnf leal.lea leal.dat

PATH

PATH

PATH

PATH

PATH

PATH

PATH

PATH

PATH

PATH
PATH 10
PATH 11

PATH 12
PATH 13

PATH 14

PATH 15

PATH 16
PATH 17

PATH 18
PATH 19
PATH 20

PATH 1847
PATH 1848
PATH 1849

PATH 1850
PATH 1851
PATH 1852
PATH 1853
PATH 1854
PATH 1855
PATH 1856

PATH 1857
PATH 1858
PATH 1859

PATH 1860
PATH 1861

LONGEST
PATH 630:

I<9>.INFF n

I<8>.INFF -
Q<0>.INFF
Q<1>.INFF
I<4>.INFF n

I<5>.INFF -
Q<6>.INFF
Q<7>.INFF
I<0>.INFF -

I<1>.INFF -
Q<4>.INFF
I<1>.INFF

Q<3>.INFF
I<2>.INFF

I<0>.INFF

I<1>.INFF -

I<7>.INFF

I<6>.INFF -
Q<4>.INFF
Q<5>.INFF
Q<8>.INFF

-> N$451<9>.DX
-> N$451<9>.DY
-> N$359<1>.DX
--> N$359<1>.DY
-> N$451<5>.DX
-> N$451<5>.DY
-> N$359<7>.DX
--> N$359<7>.DY
-> N$451<1>.DX
-> N$451<1>.DY
—> N$583<1>.DX
--> N$583<1>.DX
—> N$583<1>.DX
--> N$583<1>.DX
--> N$583<1>.DX
> N$583<1>.DX

--> N$451<7>.DX
-> N$451<7>.DY
—> N$359<5>.DX
—> N$359<5>.DY
—> N$359<9>.DX

== 33.8 nsee
== 38.6 nsee
== 26.5 nsee
== 26.4 nsee

== 33.1 nsee
== 39.2 nsee
== 35.8 nsee
== 37.4 nsee
== 27.9 nsee

== 30.4 nsee
== 29.0 nsee
== 30.4 nsee
== 30.1 nsee
== 45.9 nsee
== 40.7 nsee

== 43.2 nsee
== 40.1 nsee

== 35.7 nsee
== 29.0 nsee
== 30.4 nsee
== 35.5 nsee

N$583<5>.QY ~> IRY<5>.0UTFF == 82.7 nsee
N$359<3>.QX —> IRY<5>.0UTFF == 80.3 nsee
N$359<1>.QY —> IRY<5>.0UTFF ==86.0 nsee
N$583<4>.QY —> IRY<5>.0UTFF == 87.3 nsee
N$583<3>.QY —> IRY<5>.0UTFF == 90.9 nsee
N$359<3>.QX —> IRY<5>.OUTFF ==79.0 nsee
N$359<1>.QY —> IRY<5>.0UTFF == 84.7 nsee
N$583<4>.QY —> IRY<5>.0UTFF ==86.0 nsee
N$583<3>.QY —> IRY<5>.0UTFF == 89.6 nsee
N$583<4>.QY —> IRY<5>.OUTFF == 86.0 nsee
N$359<1>.QY —> IRY<1>.0UTFF ==59.6 nsee
N$583<3>.QY —> IRY<1>.0UTFF == 64.5 nsee
N$359<1>.QX —> IRY<1>.0UTFF ==70.1 nsee
N$583<2>.QX —> IRY<1>.0UTFF == 67.3 nsee
N$583<2>.QX —> IRY<1>.0UTFF == 67.3 nsee

I<2>.INFF ---> N$583<10>.DX ==138.6 nsee
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