
Rapid Prototyping

using

Field Programmable Gate Array (FPGA)

and

Field Programmable Interconnect Devices (FPID)

Hung Nguyen

A Thesis
Submitted to the Faculty of Graduate Studies

in Partial Fulfillment of the Requirements
for the Degree of

Master of Science

Department of Electrical and Computer Engineering
University of Manitoba

Winnipeg, Manitoba

by r':



l*l N,SonalLibrav

Acquisitions and
Bibliographic Services Branch

395 Wellington Street
Ottawa, Ontario
K1A ON4

Bibliothèque nationale
du Canada

Direction des acquisitions et
des services bibliograPhiques

395, rue Wellington
Ottawa (Ontario)
K1A ON4

Your lile volrc rélércnce

Our lile Nolre télérence

The author has granted an
irrevocable non-exclus¡ve licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her perm¡ss¡on.

L'auteur a accordé une licence
irrévocable et non exclus¡ve
permettant à la Bibliothèque
nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de sa thèse
de quelque manière et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
thèse à la disposition des
person nes i ntéressées.

L'auteur conserve la propriété du
droit d'auteur qu¡ protège sa
thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne

doivent être imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-612-13403-2

Canadä



Dissa¡lalíon Abshacts Interndtional ond lÁosters Abstræ,ß lnternationol ore orronged by brood, generol subiect cotegories.
Pleose selea the one sub¡ect which mosl neorly describes the content of your dissertotion or thesis. Enter the corresponding
fourdigit code in the spoces provided.

Nome

É tecTêr\r¡¡L Aovì¡ z'F )'7.t-ÐtcAL- FI'E|;] T]MI

AND THT ARTS
........ -......... 07 E

Art His¡rv................................0377
Gns.nq ..'...........,...................... OSOO
Doæe ......................................0378
Fine A¡ts ........0357
lnbrmolion Scierr e ................... 0723
Jor¡molism ................................ O391
Libnrrv Scieme .........................0399
Ms'Communicqlion¡...............O7O8
Music ....................................... O¿l 3
Spe€ch C-mmunicolion ..,.,,....... 0459
Tfrsols............-. -- -. -- -- -.- ----.------ -OÁó5

PHII.OSOPHY, RII.IGION AND
THIOI.OGY
Philosophy.......... ......................0Á22
Rdiqion

ëe¡e¡ol .............................. 03l I
BÈlicql sþdiæ .................... 032t
Clsw ................................031 9
Hisrã¡i of ............................0320
F'hilcsóohv of -.....................0322

ThæLgy .1...í..... ....................... oÁó9

SUBJECT CODE

Asiq, Austrolia
Conodion .......Conodisn ...........................033¿
Eu¡opeon ...................,........ 0335
Loti¡i Amsicon .................... 033ó
Middle Eostem .................... 0333
United Stotes ....................... 0337

History of Science .....................0585
L6¡/..........................................0398
Polilicol Scieme

Gene¡ql ..............................0ót 5
lnlernolpnol l-arr ond

SUBJECTTERM

Subiect Cofegories

ÍHE HUl,lÂNl¡lES AND SOCIAL SCIENCES

Lonquoqe dnd ülqatvre -...-.-.... -0279
MortreriÊria .....-....-......----....-... 0280

Psvchobqv ............................... 0525
Rádim T................................. 0535
Rdioioüs .......0527
Scieåces ............ ....................... 071 4
Ssdory .....-.......................... 0533
Sociol Scíencæ .........................053¿
sær-docvof .............................o3¿0
S*iolL'................................... 0529
Tisher Trqinim ....................... O53O
Tæhæbov .....I........................ 071 0
Tæts <¡ndÁleqsuremnls ............O288
Vocotiono1...................-............07Á7

IÂHGUAGT, UTTRATURE AHD

LtÌ,tGutsil(s
Lonorcæ

ë€iårc1 ............. .................0679
Ancient ............................... 0289
Limuistics ........................... 0290
Mãlem ............. ..............-..O?FI

Ulerqture
Ge¡rerol .............................. o¿01
dossicol .............................On1
Com¡¡orcüive ........,,........,.... 0295
Mediwo1 ............................on7
Modern ..............................0298
Africqn ............................... 031 ó
Anericon............................ 059t
Asion ...............-.................0305
C¿nqdion lEnqlisl¡1 ..............0352
Con.odiqn lFãd¡l...............0¡SS
Enqlislì ............................... 0593
Gånon¡c ...........................031 t
[olin Ansicon....................031 2
Middle Eastem ....................031 5
Romonce ..............,,,...,,..,.,.031 3
Slcic ond Eost Europeon ..... O3l I

rHE SCIENCES AND
Blol.ocl(Ät scEilcs

ENGINEERING

Ao¡iculture- Generql .......... ....................o&3
Aqrolþmv .......,,.............,... 0285
Añimol Cúlture o"d

-...-........--...........03t o

Ph¡ciccil

Music ...........
Philcophyof

.o522

.0998

.0523

Arcuntinq ........ -................ O27 2
Bonlinq ..L......... ...-............. 0770
Monoõrnenr...... ................. O45Á
Mqrkeïno ...........................0338

Conodion Stüdiæ .....................0385
Eorpmie

Geñsol ..............................050i
Agricu1turo|......................... 0503
CómmerceBusiness ............. 0505
Finorrce .............................. 0508
His}orv................................0509
l,obor'.................................05¡ 0
Thærv................................051 I

Folklore .í.................................. 0358
Gæqro¡rhv.............,................. 03óó
G€rÞ'nldlocv ............................. 035ì
Hislory

Gánerql ............. .................o578

SÞ€€ch Pothobqy................0¿ó0
Tå¡colo<¡v ......L'.................. osgs

Home Eco¡¡oií¡ics ...................... 038ó

PHYS¡(AI SCTNftS

Pure Scie¡xes
Chmislw

Gerr.í"| .............................. o¿ss
Aqrio¡lturo1........ ... -. -...... -....o7 Á9
Añol"ticol ........................... o¿{ìó
Biodíemislrv .......................0r'87
lrcrqonic ..:.........................0¿88
Nucleq¡ .............................. 0738
Gqonic..............................0¿90
Phõrmacætico1.................... o¿91
Phvsicol ............. .................o49Á
Pofmq ..............................0¿95
Roåistion .......-................... 075¿

Moßomotics ............................. 0¿05
Phrsics'Gsnsol .....0óo5

.....-...........o3u
..............0326
..............0327

. -...... -..-......-.o798
-- - - --- -- -- ----. -o7 59

....................0óo9
................... 0ól 0

Rome
Woãd

Biobd
ciáæl

o359
o478
oa79
o¿80
o8l7
oT77
07Áó

030ó .............07æ

EnoiIrgino-Genqo'l .............................. 0537
Ae¡ospoce .......................... 0538
Aqriculturol ......................... 0539
Aüþmaive ......................... O5¿lO
8iomedicq1.......................... 05¿1
Cl¡emicol ............................ 05¿2
Civil ...................................0543
Elecbnis ond Elechicsl ......05¿l
Hedt qndTffiwmía...0318
Hvdroulic .............'............... os¿s
l¡räustriol ............................ 05¿ó
Mqrine ...............................O5Á7
Moleriqls Science .,..............O79Á
Mæhonicol ......................... 05¿8
Madlur<¡v ..........................07 Á3
Mininq..i............................ o55l
Nucleär ..............................0å52
Po*oqinq........................... 05¿9
Petro l€-um-...........,....,......,.... 07 6 5
Soniå¡rv ond Municipol........0554
Sy:tem'Scisrce.. ..,.1.............O290

GætÉrchnolocv .........................0Á28
Gerotíoro R-éæ rch ................. 07 9 6
PläEics Ted¡rpb<¡v.................... 0795
Tøxtile Tedrrnbff .....................O99 Á

Araücmy ............................Oß7
Biostoüsíic ......................... O3o8
8o|ony................................ O3O9
cdl ..'................. ................. o37e
Ecobcv .............................. 0329
Enbri6lo<¡v........................ 0353
Ge'¡¡etis L'........................... O3ó9
lir¡¡ploqv .......... .................0793
Micro!,¡ðbcv ...................... 04l O
lvlolerulqr ::........................ 0302
Ner.r¡oscierrce ..,,......,.,..,...... 031 7
Ocærpqrcohv.................... 04t ó
Ptryr¡oloóv :...:..................... 04,3
ná¡qr¡ñ'............................ o82t
VdeÌilrary S€ieme...............0778

_. +"Þsr !.............................o472
BþohEr6'GÍ,ne¡ol ....0786

Medico| .............................. 07ó0

!ÄRTH S(ltHcS
Bioqæ€homistry........................ 0425
Geõdrenrislry i..........................One

Optics ............... ................. 07 52
R<idiotion ........... .................O7 56
solid srore .......................... oót t

Slqtistics ................................... 0.¿ó3

Aoolied *ie¡res
Appl¡.d t¡*h"n¡cs ................... O3ió
Cåþuler Science ..................... 098¿

................... 0ó88

...... -..-..-... -. - o27 5
..-......0727
..........o518
-.........o5U
..........0277
.........0519
..........0ó80

................. 07 Á5

................. 0520
- - - - - - - - - - - - - - - - - - - - - - o27 A

...............................041 I
............................. 03¿5
............................o Á26
.............................0¿l I
....-.........--............ 0985



RAPID PRoToTY?ING USING FIEIJ PROGRAUHABI,E GAIE ARR.AY (TPEE)

^AND FIELD PRoGBAMÈIABI.r INTERCONITEcT DEVICES (TPTN)

BY

HIING NGIITEN

A Thesis submitted to the Faculty of Graduate Studies of the University of Manitoba
in partial fulfiilment of the requirements of the degree of

MASIER OF SCIENGE

@ 7996

Perrrission has been granted to the LIBRARY OF THE UNIVERSITY OF MANITOBA
to lend or sell copies of this thesis, to the NAIONAL LIBRARY OF CANADA to
microfilm this thesis and to lend or sell copies of the film, and LIBRARY
MICROEILMS to publish an abskact of this thesis.

The author reserves other publication rights, 4nd neither the thesis nor extensive.
exhacts f¡om it may be printed or other-wise reproduced without the authoy's written
per:rrission.



I here by declare that I am the sole author of this thesis.

I authorize the University of Manitoba to lend this thesis to other institutions or individuals for the
purpose of scholarly research.

I further authorize the University of Manitoba to reproduce this thesis by photocopying or other
means, in whole or in part, at the request of other institutions or individuals for the purpose of
scholarly research.



ABSTRACT

Field Programmable Interconnect Devices (FPIDs) focus on design verif,cation solutions

to enable user programmable circuit boards for system and ASIC prototyping. Applications for

the FPIDs address a broad spectrum of interconnect needs; including factory reconfigurable

PCBs for flexible manufacturing, in-system reconfigurable PCBs for multi-function designs and

fault tolerant systems, application configurable processors, alterable test interfaces, as well as

programmable connector and switching matrix applications. FPIDs are also effective for ASIC

prototyping when used with Field Programmable Gate Arrays (FPGA) to minimized the time ,

risk and cost associated with such designs. The designer enters the ASIC design, partitions and

maps the logic to multiple FPGAs via external software. The FPGA VOs are then programmably

interconnected by one or more multiple FPIDs. Since FPIDs provide all pin to pin interconnects,

the VOs of the FPGAs can be left unassigned allowing for optimized routing performance. In

addition to the logic in FPGAs, ASIC prototypes should also accommodate standard components

like memories, processors and peripherals. ASIC or system designs using FPIDs and FPGAs

provide designers with many advantages such as; instant prototypes from schematic, quick

changes for experimentation, full signals observability and automated debug, early system and

software integration, and faster design verification.

This thesis describes the development of an ASIC prototyping environment exploiting the

attributes of reprogrammable devices such as FPGAs and FPIDs. In addition, the prototyping

environment accomodates a wide variety of standard components through the programmable

interconnect devices. The system is capable of supporting ASIC prototyping of up to 50,000

gates as well as embeded system prototyping.



ACKNOWLEDGEMENTS

I would like to express my thanks to my advisor Professor Bob Mcleod, whose continual enthusi-

asm, wealth of inspirations, and direction were invaluable in the completion of this thesis. I
would also like to thank my friends and colleagues who have been a valuable source of informa-

tion and assistance throughout my graduate program. Most notably, Doug Martens, Derek Ross,

Alex Mcllraith, Dave Fletcher, and Mr. Brad Brown. I would like to thank lDers Incorporate for

allowing me to develope this thesis into a commercial product.



TABLE OF CONTENTS



5.5 Interconnection between the FPGA and FPID Devices .....5-5

CHAPTER 6

6.0 Software Overview .......6-1

6.I Routing Software ..........6-1

6.2 Netlist Translation .......6-3

6.2.I FPGA Netlist Translation ............6-4

6.2.2 Target System Netlist Translation .................6-5

6.2.3 Generating Interconnect Netlist .....................6-5

6.3 Netlist Error Checking ....................6-1

6.4 Interconnect Translation .................6-7

6.5 Net Routing ................6-10

6.6 Portmap Configuration Attribute Translation ...................6-14

6.7 Transiation of PCA to l-Cube netlist Format ...................6-15

6.8 FPID Bitstream Compiler .............6-t1

CHAPTER 7

7.0 Host / Micro-controller software ....7-l

7.I Communication Handshaking between the Host and a Prototype Board ..............7-I

7.2 Get Status Command ....1-4

7.3 Write/Read Configuration Command ...............7-4

7.4 Load Interface FPGA Configuration Bit File Command ....7-4

7.5 Load FPGA#I / FPGA#2 Configuration Bit File Command ................7-5

7.6 Load FPID Conf,guration Bit File Command ....................1-5

1.7 Program Interface FPGA Command ................7-5

7.8 Program FPGA#I /FPGA#2 Command .........7-6

7.9 ProgrambothFPGAsCommand ....7-6

7.10 Program FPID Devices Command ................7-6

LIl XChecker for FPGA#I /FPGA#2 Command .................7-6

l.l2 Clock Stepping Command ............1-8



CHAPTER 8

8.0 The Prototypin System Performance and Testing ..............8-1

8.1 Testing the Prototyping System .......8-3

CHAPTER 9

9.0 Conclusion and Recommendation ....................9-1

REFERENCES

GLOSSARY

APPENDIX A : Interconnection Cases.

APPENDIX B : The Prototyping System Schematic Capture.

APPENDIX C : Hardcopy of Performance Test Result and Schematic Cap-

ture of Walking Ones andZeros with the Output Files of Routing Software.



LIST OF FIGURES

Figure 1 The Architicture of The Initial Prototyping System ....................1-3

Figure 2 The 2nd Version of The Prototyping System ...............1-4

Figure 3 I-Cube Architecture .............. .....................2-2

Figure 4 JTAG Timing .......2-4

Figure 5 Simptified Block Diagram of XC4000 Configurable Logic Biock ...............3-2

Figure 6 InpulOutput Blocks ..............3-3

Figure 7 Rapid Prototype System Interface ...........4-2

Figure I FPD Components Side of the Prototyping Board ......4-4

Figure 9 Micro-controller Components Side of the Prototyping Board .....4-4

Figure 10 Rapid Prototype System Architecture .....................5-1

Figure 11 FPGA Design Flow .............5-3

Figure 12 Interconnect between FPGA, FPID and Target System ...........5-6

Figure i3 Translation from Schematic to System Prototype Level ..........6-1

Figure 14 Netlist Translation Flowchart ................6-3

Figure 15 Flowchart for Generating Interconnect File ............6-6

Figure 16 Interconnect Translation Flowchart ......6-8

Figure i7 Routing Flowchart .............6-11

Figure 18 Routing path for Net wr_enable ..........6-t3

Figure 19 Portmap Configuration Attribute Translation Flowchart ...........................6-14

Figure 20 Translation from PCA to I-Cube Format Flowchart ...............6-16

Figure 21 FPID Input and Output Files ................6-17

Figure22 Daisy-Chain Multiple FPID Devices to Form JTAG Chain .....6-17

Figure 23 Communication Interface between Host and Prototype Board .................7-1

FtgureZ4 XChecker Interface between the Interface FPGA, FPGA#I, FPGA#2 ........1-7

Figure 25 System Clock Interface to FPGAs ........7-8

Figure 26 Protoping System Performance Test Circuit ...........8-1

Figwe2T TestCircuit TimingDiagram .................8-2

Figure 28 Walking Ones and Zeros Routing Path ...................8-3



Figure29 Front View of the Prototyping System

Figure 30 Rear View of the Prototyping System

9-2

9-2



CHAPTER 1

1.0 Introduction

Today, design verification is the largest bottleneck in the system design process. Until all

components of the system including hardware, boards and or ASIC chips have been physically

integrated together, it cannot be said that the system has been truly verified. Reaching the inte-

gration point earlier in the design cycle not only finds any major problems while there is time to

fix them, but also accelerates software development. In general, the software development could

proceed faster, if a hardware or ASIC prototype was available earlier in the development cycle.

In most cases, the availability of working hardware prototypes (either board level or ASIC), is the

limiting factor.

The system proposed and developed here makes use of FPID and FPGA devices to imple-

ment a rapid prototyping environment. This system represents an excellent opportunity to assess

the role of FPGA and FPID technologies in the rapid prototyping stage of system development.

l.L Prototyping Systems Background

FPGA-based logic emulation systems have been developed for design ranging in com-

piexity from several thousand to several million gates. Quickturn System Inc. has developed

emulation systems which interconnect FPGAs in a two-dimensional mesh and, more recently, in a

partial crossbar topology. The RPM Emulation System from Quickturn uses FPGAs as the proto-

type technology. The FPGAs are hard-wired together on large printed circuit boards called Emu-

lation Modules with a printed-wiring scheme that connects each FPGA to all of its neighbour

FPGAs. 'When additional connections are required to implement the ASIC netlist, programmed

interconnect within FPGAs are used to supplement the hard-wired connections [1]. A basic ver-

sion sells for $125,000, with a capacity of 25,000 gates [2].

The AXB-GP2 system is a General Purpose Field Programmable Circuit Board (FPCB)

designed by Aptix Corporation [3] using two Field Programmable Interconnect Components

(FPIC) to provide component interconnect and diagnostic observability for FPCB. The GP2 pro-

vides the component interconnect area with over 1700 through-holes for component attachment.

Rapid Prototyping Using FPGA and FPID devices
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The interconnect architecture of the GP2 is divided into two regions, each with centralized 32x32

pad array for mounting an FPIC device. All component pins within a given region are pre-routed

to individual pads within the array. Once mounted, the FPIC device can be prografümed to pro-

vide pin-to-pin interconnect of any components within its region. Each region of the GP2 has

approximately 785 VO pins available for component interconnect, a total of 1570 VOs for the two

regions on the board. The through hole pattern on the GP2 is aranged with repeated rows spaced

at 100 mils, 300 mils, 100 mils, 300 mils, and so on. This pattern supports direct insertion of

standard 300 mils DIP components. Packages such as PGAs, QFPs, PLCCs and others can be

mounted on the GP2 through the use of component adapters available from various manufactur-

ers. This system provides a reasonable interconnect for 300 mils DIP components. If other com-

ponent packages are used the component adapter is required. The component adapter is

expensive and soldering the component to the component adapter is time consuming.

The Institut National Polytechnique de Grenoble in France [4] also developed a rapid pro-

totyping system using the Xilinx 4010 FPGAs for logic designs and Actel 1280 FPGAs for inter-

connect the 4010 FPGAs. The problem with this system is that the Actel FPGAs are one time

programmable device, if there is an error in the interconnection netlist a new set of Actel FPGAs

need to be programmed. This system could be expensive if the designer needs to do more than

one iteration.

L.2 Initial Design of The Proposed Prototyping System

In January 1994, the idea of a more flexible rapid prototyping system was introduced

when l-Cube Inc. came out with the Field Programmable Interconnect Device (FPID) IQ160.

IQi60 device provides 160 VOs for interconnect applications. At the time the IQ160 has the

highest VO count FPID available. The idea of the initial system was to utilized the FPID and

FPGA technology to provide a rapid prototyping system that was flexible and relatively inexpen-

sive.

The initial prototyping system was designed using a wire-wrap board. The schematic cap-

ture was done in Orcad, while the board was manually hand wire-wrapped. The initial prototyp-

ing system was done in a wire-wrap version is to provide a fast turn around for system trouble

Rapid Prototyping Using FPGA and FPID devices
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shooting and software integration. The purpose of the initiai prototyping system was to learn how

the FPID devices functioned.

DS5000

T
Figure 1: The Architecture of The Initial Prototyping System

The architecture of the initial prototyping system used XC3090 FPGA and IQ160 FPID

devices as the main components for the prototyping system and the DS5000 micro-controller used

to download conf,guration bit f,les to both the FPGAs and FPIDs. Figure 1 shows the architecture

of the initial prototyping system. The initial system provided an adequate routing path between

the FPGAs and the Target System which was interfaced to the header through the FPID device.

Problems arose when the design used more than 407o of the logic capacity of the FPGAs. Test

designs with specific pin assignments to interconnect the two FPGAs running the Xilinx place

and route software could not complete . While the same test design running the Xilinx place and

route software without specific pin assignments completed successfutly. With this architecture

the performance density of the FPGAs cannot be maximized and the designer has to manually edit

the pin assignment to interface between the FPGA#I and FPGA#2. This process is very time

consuming and error prone. The initial architecture of the prototyping system proved to be not

suitable for a rapid prototyping system.

A second version of the prototyping system came out of this process. Figure 2 shows the

architecture of the second version of the prototyping system. The second version used XC4003-

84 FPGA and IQ160 FPID devices. This system was also done through a wire-wrap board. It

Rapid Prototyping Using FPGA and FPID devices
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connects all of the VOs of both FPGAs to the FPID allowing the FPID to interconnect all of the

pins of the two FPGAs. The second version system provided a better result than the previous

version. The utilization of the FPGAs went up to 90Vo when running Xilinx place and route soft-

ware when there was no specific pin assignment. Interconnect software was written to translate

both the FPGAs and the Target System to the l-Cube netlist.

DS5000

!
FPGA#1 FPGA#2

rQ160

HEADER

Figure 2:The 2nd Version of The Prototyping System

The second version of the prototyping system can be consider as a rapid prototyping envi-

ronment. It provided the designer with an automated process from the FPGA design netlist to the

interconnection of the FPGAs to the target system. The advantage of this system is that it pro-

vides the designer a smooth design flow and a fairly easy routing software. The problem with this

system is that the gate density and the VOs interfaced to the target system are very limited. In

order to emuiate a fairly complex design (ASIC) we need more gates and VOs interfaced to the

target system.

The third and the final version of the prototyping system has a different hardware architec-

ture to provide the designer with more gates and VOs interfaced to the target system. The hard-

ware and software architecture will be explained in more detail in the following sections.

Rapid Prototyping Using FPGA and FPID devices
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CHAPTER 2

2.0 l-Cube FPID (IQ320) Description

The IQ320s are designed for use in programmable switching, interfacing, and wiring

applications [5]. In switching applications, these devices are used to dynamically switch or multi-

plex a large number of signals. When used in interfacing applications, FPID devices allow a com-

mon board or system to satisfy different interfacing requirements such as different bus types,

communication protocols or multiple standards. In wiring applications, these devices emulate a

trace on a PCB and can be used to change point-to-point connections between components on a

board or signals on the backplane.

At the heart of these devices is a non-blocking , globally-connected crossbar switch,

allowing total flexibility in routing signals. Every signal in the crossbar switch can be connected

to one or more other signals. Each VO port is identical and can be programmed as an input, out-

put, or bidirectional port. The FPIDs support either flow-through or clock signal flow. The deiays

through the devices are identical and predictable, thereby simplifying hardware design.

The crossbar affay connections are programmed and the VO port attributes are configured

by storing data in the internal SRAM cells and registers. These devices permit in-system configu-

ration, thereby making them suitable for applications that require static or dynamic (on the fly)

reconfiguration. Also these devices offer two different configuration modes; the JTAG-based

serial mode for static connections, and a Rapid Connect mode for fast configuration changes. The

crossbar connections can be progr¿unmed incrementally in either mode.

2.L l-Cube FPID ArchÍtecture

The l-Cube FPID devices are configured by storing appropriate data in internal static

RAM and various registers. As shown in Figure 3, the main functional blocks of the device are

the crossbar switch array, VO ports, and conf,guration controller.

The external signals pass through the VO ports. The crossbar switch array is used inter-

Rapid Prototyping Using FPGA and FPID devices
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nally to connect these VO ports to one another, thereby establishing connections between the

external signals.

The JTAG-based configuration controller decodes the incoming configuration bitstream

and stores the data in the internal SRAM and registers to establish the desired configuration.

Additionally, by switching the device to Rapid Connect mode, one can directly access the internal

crossbar SRAM to change (make or break) crossbar connections incrementally.

rcLK ocLK oE(0..3)

PO

P1

P(n-m)

P(n-1)

m= VO pins used for Rapid connect

IQ320: n=320
m=24

n = Total number of useable VO
. TDOprns. TDI TMS TCK

Figure 3: I-Cube Architecture

Signal
Ports

Crossbar Array

Configuration Control

2.2 Crossbar Array

The crossbar array is an array of pass transistor switches, each programmable with an

SRAM cell. Each switch, when programmed to be in the ON state, connects a unique pair of sig-

nal lines in the array. The externalVO signals are connected to the lines in the crossbar affay.

A connection between two VO ports is made by closing the transistor switch at the inter-

section of the crossbar signal lines. The array is globally connected, and therefore a connection

Rapid Prototyping Using FPGA and FPID devices
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can always be made between any two UO ports. More over only one transistor switch needs to be

closed in order to make a connection between any two VO ports. This FPID provides a 10 ns

Port-to-Port delay in a flow through mode.

2.3 VO Ports

The attributes of each VO port is individually programmable. The attributes include its

VO function, output voltage levei and pull-up current. Each VO port is buffered to provide low

capacitive ioading (in input mode) and low impedance and high current drive (in output mode).

The VO buffer is tristateable using a predefined Output Enable control signal. There are 4

tristate control signals, each controlling an equal number of VO ports; 80 yO ports each in the

case of the IQ320.

There are 9 different types of VO attributes.

'fnput (IN): In this mode, the external signal atIlO port pin is connected to the corre-

sponding crossbar line through a buffer.

'Register Input (RI): In this mode, the external signal at the VO port pin is connected to

the corresponding crossbar line through a register. The register is controlled by an exter-

nal clock signal,ICLK.

'Output (OP): In this mode, the conesponding crossbar line is connected to the VO port

pin through a buffer.

'Register Output (RO): In this mode, the corresponding crossbar line is connected to

the VO port pin through a register. The register is controlted by an external clock signal,

OCLK.

'Output Force 0 (F0): In this mode, the VO port pin is forced tow (logic 0), regardless of

the state of the signal on the corresponding crossbar line.

'Output Force 1 (F1): In this mode, the VO port pin is forced high (logic 1), regardless

of the state of the signal on the corresponding crossbar line.

'Bus Repeater @R): This mode is used for connecting two external signals that are bidi-

rectional but the direction control signal for them is not available. 'When in this mode, the

device automatically detects the driving pofts and passes the signal to the receiving ports.
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'Non-Buffer (NB): In this mode, the VO buffer is bypassed and the VO port pin is

directly connected to the corresponding crossbar line. This mode can be used to pass an

analog signal if certain conditions are met.

'No Connect (NC): In this mode, the VO port pin is isolated from the crossbar array.

When the VO port is prograÍìmed to be in one of the output modes, the output high voir
age level can be programmed as TTL or CMOS. For those VOs programmed for CMOS output

levels, an additional pull-up current of 2mA or 13.5m4 can be programmed. The normal pull-up

current is 8mA.

2.4 Configuration Control

The FPID devices are programmed using the JTAG (IEEE 1I49.I) serial bus. The JTAG

serial bus uses four pins : Test Data In (TDI), Test Data Out (TDO), Test Clock (TCK), and Test

Mode Select (TMS). TCK is used to clock data in and out of TDI and TDO. TMS, in conjunction

with TDI implement the state machine that controls the various operations of the JTAG protocol.

In addition the reset signal TRST is used to reset the FPID devices. Figure 4 illustrates the JTAG

timing diagram, the data is latched on the rising edge of the TCK.

For the FPID device, the VO attributes and the crossbar connections can be programmed

using the JTAG serial bus. Additionally, a special mode catl Rapid Connect can be enabled or

disabled using the J-[AG serial bus.

The Rapid Connect mode is used for real time switching applications where crossbar con-

nections need to be altered dynamically within the user's system. In this mode, a designated

number of VO ports are used to directly address the internal crossba¡ SRAM for writing, allowing

the contents of the SRAM to be altered very quickly, resulting in fast connections changes.
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CHAPTER 3

3.0 Xilirx FPGA Architecture

The Xilinx XC4013 FPGA is a high density user programmable gate àrray comprised of
three major configurable elements [6]; Conf,gurable Logic Blocks (CLB), InpulOuput Blocks

(IOB), and Interconnect. The CLBs provide the functional elements for constructing the user

logic. The IOBs provide the interface between the package pins and the internal signal lines. The

programmable interconnect resources provide routing paths to connect the inputs and outputs of
the CLBs and IOBs into appropriate networks. Customized configuration is established by pro-

gramming internal static memory cells that determine the logic functions and interconnections

implemented in the Logic Cell Aray (LCA) .

3.1 FPGA Configurable Logic Blocks (CLB)

The principal CLB elements are shown in Figure 5. Each CLB contains a pair of flip flops

and two independent 4-input function generators. Thirteen CLB inputs and four CLB outputs

plovide access to the function generators and flip flops. These inputs and outputs are connected to

the programmable interconnect resources outside the block. Four independent inputs are pro-

vided to each of the two function generators (F1-F4 and G1-G4). These function generators,

whose outputs are labeled F' and G', are each capable of implementing any arbitrarily def,ned

Boolean function of their four inputs. A third function generator, tabelled H', can implement any

Boolean function of its three inputs: F', G' and a third input from outside the block Hl. Signals

from the function generators can exit the CLB on two outputs; F' or H' can be connected to the X
output, and G' or H' can be connected to the Y output. Thus, a CLB can be used to implement any

two independent functions of up-to-four variables, or any single function of f,ve variables, or any

function of four variables together with some functions of f,ve variables, or it can implement

some functions of up to nine variables. Implementing wide functions in a single block reduces

both the number of blocks required and the delay in the signal path.

The two storage elements in the CLB are edge-triggered D-type flip flops with common

clock(K) and clock enable(EC) inputs. A third coÍrmon input(S/R) can be programmed as either
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an asynchronous set or reset signal independently for each ofthe two registers

Each flip flop can be triggered on either the rising or falling clock edge. The source of a

flip flop data input is programmable: it is driven either by the functions F', G', and H' or the

Direct In (DIN) block input. The flip flops drive rhe XQ and ye cLB ourpurs.

Multiplexers in the CLB map the four control inputs, labelled Cl-C4 into four internal

control signals (H1, DIN, S/R, and EC) in any arbitrary manner.
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3.2 InpulOutput Blocks (IOB)

User-configurable IOBs provide the interface between extemal package pins and the inter-

nal logic as shown in Figure 6. Each IOB controls one package pin and can be defined for input,

output, or bidirectional signals.

Two paths, labelled I1 and I2,bring input signals into the array. Inputs are routed to an

input register that can be programmed as either an edged-triggered flip flop or level sensitive

transparent latch.

Outputs signals can be inverted or not inverted, and can be pass directly to the pad or be

stored in an edge-triggered flip flop. Optionally an output enable signal can be used to place the

output buffer in a high-impedance state, implementing 3-state outputs or bidirectional VO. There

are a number of other prograÍrmable options in the IOB. Programmable pull-up and pull-down

resistors are useful for tying unused pins to power or ground to minimize power consumption.

3.3 Programmable fnterconnect

There are three main types of interconnect, distinguished by the relative length of their

segments: single-length lines, double-length lines, and long-length lines. The single-length lines

are a grid of horizontal and vertical lines that intersect at a Switching Matrix between each block.

The single-length interconnect lines surround each CLB in the array. Each Switching Matrix con-

sists of programmable n-channel pass transistors used to establish connections between the single

length lines. Single-length lines are normally used to conduct signals within a localized area and

to provide the branching for nets with fanout greater than one.

Double-length lines consists of a grid of metal segments twice as long as the single-length

lines. A double-length line runs past two CLBs before entering a Switching Matrix. Double-

iength lines are grouped in pairs through a Switch Matrix at every other CLB location in that row

or column. Double-length line provides the most efficient implementation of intermediate iength,

point-to-point interconnection.

Long-length lines form a grid of metal interconnect segments that run the entire iength or

width of the array. Additional vertical longlines can be driven by special global buffers, designed
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to distribute ciocks and other high fanout control signals throughout the array with minimal skew.

Longlines are intended for high fan-out, time-critical signal nets.

vcc ¡\ |

| ,oo

GNDV 
I

Figure 6: Input/Output Blocks

Rapid Prototyping Using FPGA and FPID devices
3-4



CHAPTER 4

4.0 Features of the Rapid Prototyping System

The Rapid Prototyping System was designed to facilitate ASIC emulation . Every ASIC

design methodology includes a system validation phase. This is a phase of the design cycle where

ail of the hardware and software are brought together for the first time. Since it is unlikely that the

entire system will function as expected the first time it is critical that the system designers have

the flexibility to modify the ASIC designs during this phase without incurring high costs in time

or tooling expenses. If the ASIC design has already been committed to mask-based silicon at this

point, design changes will lead to an extended development schedule and associated cost [10].

The only other real alternative to silicon prototypes for system validation is to build ASIC

breadboards prototypes in the traditional way. However breadboards for today's major design

projects are no longer economical nor practical although they represent a well established design

validation technique.

ASIC in-circuit emulation is a new prototyping alternative for ASIC system validation. It

is made possible through the use of FPGA and FPID technologies. This approach gives the

designer the capability of automatically creating a functional image of the chip in reprogramma-

ble hardware. The Rapid Prototyping System developed here allows a designer to create a proto-

type rapidly and automatically. This hardware prototype can then be utilized to fully validate the

functional design of the user's logic.

The Rapid Prototyping System runs under a PC environment. It combines both FPGA

and FPID development tools ; Xilinx Development System for FPGA design and l-Cube Devel-

opment System for FPID routing . This system provides a designer the following features as an

emulating tool:

'Emulation of ASIC designs realizedutilizing FPGA and FPID technologies.

'FPIDs provide all pin-to-pin interconnects leaving FPGA VO unassigned for optimized

performance.
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'Interconnects between the target system and the prototype design (ASIC) are fully auto-

mated.

'Provides a designer with up to 256 VOs channels for interfacing to the targetsystem, or to

a logic analyzer for monitoring waveforms.

.Full control of system clock during emulation.

'System clock stepping can be varied from I to 65,000 cycles, or used as a continuous

clock.

.Modification of interconnects can be done on the fly.

.Gate emulation ranges from 26,000 to 50,000 gates.

'Provides a designer an XCHECKER capability, for use with the Xilinx Development

System (optional).

4.1 Rapid Prototyping System Interface

The prototyping system interface consists of two main elements; the PC environment and

Rapid Prototyping Board (RPB). Figure 7 shows the interface between the RPB, PC environ-

ment, and the Target System.

PC USER
INTERFACE

(HOSr)

RAPID PROTOTYPE
BOARD
(SLAVE)

TARGET
SYSTEM

PARALLEL

Figure 7: Rapid Prototype System Interface

In this system the PC serves as a user interface and a host to the RPB which acts as a

slave. The RPB only executes upon a request from the host. All of the communication from the
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PC to the RPB is done through the parallel port. The commands are sent from the host to the

slave. Once a slave has received a command it wilt execute the requested command and send the

result back to the host.

The role of the host is to analyze and display the results obtained from the slave. The pC

environment is where a designer creates ASIC designs using a schematic capture tool, VHDL
design toois, or other netlist creation tools. Another function of the host is to compile the netlists

created by ASIC design tools and the Target System to determine the interconnection from the

ASIC design to the Target System. Once the host has completed determining the interconnects

between the ASIC design and the Target System, it then generates the configuration bit file for

downloading to the slave. When the system is in operation, the host can be used to modiff the

connections between an ASIC design and the Target System without having to undergo a full sys-

tem reset.

The RPB on the other hand acts as a slave to the host. This is where ASIC design emula-

tion takes place. The ASIC design is implemented in the FPGAs while all of the physical connec-

tions are done through the FPID devices. The headers provide 256 general purpose VOs for

interfacing to the Target System. The functionality of the RPB will be discussed in more detail in

the next section.

The Target System can be any generic system. Its interfacing to the Rapid Prototype

Board is through the VOs from the headers. Usually the Target System is the system that inter-

faces to an ASIC to produce a final product. For example a designer is designing an VME bus

controller. The controller functionality is implemented in the RPB with all the necessary VOs

routed out to the VOs in the header. The Target System may contain microprocessors, memories,

and other necessary peripheral components with VOs interfaced to the ASIC design routed to

designated VOs on the header. Once this process is completed, a compiler will determine the

interconnections and generate an appropriate configuration bit f,le for down loading to the FPID

devices. The compiler will be discussed in more detail in section 6.

Figure 8 shows the FPD component side and Figure 9 shows the micro-controller side of
the prototyping board. The schematics for the prototyping board are shown in Appendix B.
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Figure 8: FPD Component Side of The Prototyping Board

Figure 9: Micro-controller Component Side of The Prototyping Board
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CHAPTER 5

5.0 Rapid Prototype Board Architecture

When logic is partitioned into multiple SRAM based FPGAs for prototyping purposes,

the FPGA ultilization becomes a major design issue. The current FPGA automatic placement

and routing technology is such that if the VO pin locations are constrained, the ability of the

placement and route tools to sucessfully route the chip is greatly reduced. This problem gets

worse as the higher density FPGAs are used for prototyping larger designs. The manner in which

the FPGAs are connected on the board has a significant impact on the overall gate ultilization of
FPGAs and the maximum performance (density) a designer can achieve [11].

The Rapid Prototyping System shown in Figure 10 greatly reduces the problems men-

tioned above. The separation of interconnect functions from the logic functions; each to be

served by a different type of device allieviates the place and route problems. The interconnect

function can be provided either by FPGAs or by dedicated FPIDs . In the architecture proposed

here, all interconnections go through one crossb ar àrray and therefore the delays are more uni-

form. The symmetry of the architecture also simplifies partitioning and routing. In this approach,

the interconnection routing is a simple, repetitive table-driven-task. The FPGAs have full routing

performance without having VO pin assignment constraint. All interconnections will be done

through the FPID devices. In this system the FPID acts as a programmable PCB for the FPGA

devices interfaced to the Target System.

In this system there are four main functional blocks. They are the FPGA, FPID, Headers,

Interfacing FPGA, and the DS5001 micro-controller. Each one of these functional block plays a

unique role.

5.1 FPGA Functional Block and Design Methodology

The FPGA devices used in this Rapid Prototyping System are the Xilinx component

XC4013 devices each having approximately 13,000 gates. These are arranged in a 24x24 Con-

figure Logic Blocks (CLB) matrix which provides 576 CLBs, and consists of i92 general purpose
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Figure 10: Rapid Prototyping System Architecture
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VOs. The XC4013 package is a223 pin grid aray Ii]. The reason this type of package was cho-

sen because it is pin to pin compatible with the XC4025 which is almost double the density of the

XC4013. This allows a designer to have added flexibility by doubling the FPGA density by sim-

ply inserting the XC4025 parts. This system provides a designer approximately 26,000 gates

with the XC4013 and up to 50,000 gares with theXC4025.

The methodology for designing into the XC4013 consists of two interrelated processes:

design entry and design implementation. Figure 11 illustrates Xilinx Development System

Design Entry, and Design Implementation Flowchart. The design entry could be any third party

software such as OrCad, Viewlogic, Mentor Graphics, and or a number of HDL/VHDL tools.

OrCad was chosen for design entry in this prototype system but any one of above approaches
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could be used for design entry. Once the design has been completed and compiled to created its

own schematic netlist, it is ready for design implementation. In the design implementation the

schematic netlist is converted into Xilinx Netlist Format (XNF). This is followed by togic reduc-

tion, automatic place and route, LCA netlisting, and creation of a configuration bit file.

DESIGN ENTRY

DESIGN IMPLEMENTATION

DESIGN VERIFTCATION

Macro, Libraries

XNFNetlist

File Merging
Logic Reduction

Design Rule Check

X-BOX
(if present)

Mapping into Blocks

Place & Route

LCA Netlist

LCA Netlist with
Block & Net timing

Bitstream Compiler
MakeBits & Makeprom

Logic Cell Anay (LCA)

Figure 11: FPGA Design Flow

5.2 FPID Functional Block

The FPID Functional Block in this system is used to optimize ASIC prototyping and emla-
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tion applications. It acts as a Field Programmable Circuit Board primarily for emulating and

debugging the ASIC design in "realtime". Simply put, it provides a physical realization for the

ASIC and system design. The fully programmable and observable features of the Rapid Prototyp-

ing System is made possible by the l-Cube IQ320 FPIDs which can link rwo Xilinx XC4OL3

FPGAs to emulate an ASIC design. The three IQ320s provide the necessary connections to the

two XC4013s and provide 256 general purpose VOs for interfacing the ASIC design to the targer

system. The IQ320s have 320 reprogrammable VOs provide routing from one FPGA to another

FPGA, or from one FPID to another FPID, or from an FPGA to the target system.

FPGAs are reprogrammable high-density devices that contain the emulated ASIC design.

The combination of FPGA and FPID devices allows the designer to place and route virtually any

logic design on the Rapid Prototyping System. In this scenario the designer enters the ASIC

design, and partitions and maps the logic to multiple FPGAs via external CAE software. The

FPGA VOs are then programmably interconnected by one or multiple FPIDs . The FPIDs in the

prototyping board automatically routes for the fastest possible performance between the FPGAs .

Since the FPID devices provide all the pin to pin interconnects, the VOs of the FPGAs can be left

unassigned during place and route resulting in an optimized design.

5.3 DS5001FP Micro-controller and SRAM Functional Block

The DS500lFP is an 8051 compatible micro-controller based on non-volatile RAM tech-

nology []1. It is designed for systems that need large quantities of non-volatile memory. It pro-

vides full compatibility with the 8051 instruction set, timers, serial port, and parallel VO ports.

By using NVRAM instead of ROM, the user can program, and subsequently reprogram the

microcontroiler while in-system. The application software can even change its own operation.

This allows for frequent software updates, adaptive programs, customized systems, etc.

The DS5001FP provides the benefits of NVRAM without using its VO resources. It uses a

non-multiplexed byte-wide address and data bus for memory access. This bus can perform all

memory access and provides decoded chip enables for the SRAM. This leaves the 32 VO port

pins free for other application use. The DS5001FP uses ordinary SRAM and battery backs the

memory contents.
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A user loads programs into the DS500iFP via its on chip serial bootstrap loader. This

function supervises the loading of software into the SRAM, validates it, then becomes transpar-

ent to the user. The software can be stored in multiples of 32K or one block of i28K bytes. Using

its internal partitioning, the DS500lFP can divide a coÍtmon RAM into user selectable program

and data segments. This partition can be selected at program load time, and can be modified any-

time later. The micro-controller will decode memory access to the SRAM, access the memory

via its Byte-wide bus and write-protect the memory portion designated as RoM.

On this prototype board the DS500lFP is configured as 128K bytes for program and data

segments. The microcontroller is used to download the configuration bit f,te to the FPGA and the

FPID devices. It also executes the commands received from the host. The SRAM on the other

hand is used to store program and configuration bit files for FPGA and FPID devices. One advan-

tage of having a battery backed SRAM is that once the ASIC has been fully debugged and veri-

fied, the configuration bit files are stored in memory, the hardware designer can hand-off this

system to the software engineer for software verif,cation.

5.4 Interface FPGA and VO Header Functional Blocks

The interface FPGA provides the handshaking interface between the PC and the micro-

controller. This is where the handshaking protocol is implemented. The interface FPGA aiso pro-

vides other functions; such as controlling the system clock for debugging, downloading configu-

ration bit file to FPGA or FPID devices, and enabling the XChecker capability.

The VO headers provide the interface between the ASIC and the target system, they also

provide a logic analyzer port for debugging and testing purposes for the ASIC design.

5.5 fnterconnections between the FPGA and FPID Devices

Figure 12 illustrates the interconnects between FPGA and FPID devices and the Target

System through the UO headers.
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Figure
Note:

12: rnterconnects between FPGA and FPID Devices and the Target System
The letters designate bus name.

The prototyping system uses the FPID devices to handle all the interconnect between the

FPGAs and the VO headers. It uses three FPID devices to do the routing. In the next section the

routing software will be explained in greater detail. In this section we concentrate more on how

these components are interconnected together. The FPID and FPGA devices have 320 and, I92

VOs respectively. The system provides 256 IlOs that can be interfaced to the Target System

through the headers. The unique feature about this type of set up is that any two or more signals

can be connected together with a 10ns, 20 or 30ns pin-to-pin delay.

When a designer has decided on the application of the ASIC and the design requires more

gates than can be implemented in one FPGA; there are some rules that a designer must consider.

1. A designer must partition the ASIC design, a certain portion of the logic will be imple-

mented in one FPGA and the remainder implemented in the other.

2.The signal name that interfaces the two FPGAs must be identical.
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3. The designer does not need to assign a pin number to each signal.

4. Any signal name between the two FPGAs that are not the same will be assumed to be
not connected.

5. Any signal name that corresponds to the Target System net name will be routed to the

appropriate VO header. For example, the ASIC design has an address bus A(0..31) that

needs to be interfaced to the Target System; the Target System net name for the same

address bus must also be assigned as A(0..31) and connected to specific VO headers.

The FPIDs will connect all signals of the same name. As illustrated in Figure I2,half of

the VOs in FPGA#I are connected to FPID#3 and the other half are connected to the FpID#1 with

the bus name 'F' and 'E' respectively. The FPGA#2 on the other hand has half of its VOs con-

nected to FPID#3 and the other half connected to FPID#I with the bus name 'G' and 'H' respec-

tively. FPID#3 and #1 each provide 64 UOs to Header#2 and #4 with the bus name 'B' and 'D'

respectively. FPID#2 provides Header#l and #3 each with 64IlOs with the bus name 'A' and 'C'

respectively. FPID#2 also provides FPID#3 and #1 each with 64IlOs with the bus name 'J' and

'I' respectively.

This architecture provides predictable delays. The following describes the path connec-

and approximate delays for bus 'F' to other bus signals.

o þ 4-;' G via FPID#3 with 10ns pin-to-pin delay.

o þ 4-;' C via FPID#3 with 10ns pin-to-pin delay.

o p 4-;' D via FPID#3 to FPID#I with 20ns pin-ro-pin delay.

r p 4-;' B via FPID#3 to FPID#I ro FPID#2 with 30ns pin-to-pin delay.

o þ ç-;' H via FPID#3 ro FPID#i to FPID#2 with 30ns pin-ro-pin delay.

o p ç-;' A via FPID#3 to FPID#I with 20 ns pin-to-pin delay.

This examples illustrate how the signals are interconnected together. Analogous routing

paths can be applied for other bus names.
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CHAPTER 6

6.0 Software Overview

The software for this prototyping system consists of three separate software components.

They are routing , host interface , and DS5001 micro-controller codes. The routing software

determines how all the signals are interconnected together and generates an l-Cube format netlist.

The host software determines the handshaking between the host and the DS5001 micro-controller.

It also generates a set of commands to be send to the micro-controller. The DS5001 microcontrol-

ler software determines the handshaking between the host and the micro-controller. It is responsi-

ble for downloading configuration bit files to both the FPGA and FPID devices. It also receives

and executes the commands which are send by the host.

6.L Routing Software

Figure 13 shows the design flow from schematic capture to the I-Cube routing configura-

format. For this thesis, Orcad was chosen to be a front end capture tool to generate the
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design. The XACT development system [8] was chosen as the FPGA design place and route soft-

ware tool. For FPGA design capture other tools can be used in place of Orcad such as VHDL or

Verilog HDL compilers. Similarly the schematic capture for target system can be created in

Mentor Graphics, Cadence, or other schematic capture tools.

The design flow for the prototyping system is as follows:

' The design is captured using Orcad with the use of the Xilinx 4000 family library.

' Orcad compiles the schematic file into an Xilinx Netlist Format (XNF file).

' The XACT development system reads the XNF and begins to execute place and route.

During this process XACT generates two files; they are the LCA and XFF files which will
later be used by the routing program. At this time the configuration bit file is generated

(MCS f,le) which will be downloaded to the FPGA larer on.

' Orcad compiles the target system schematic capture into Scisscard format (SCI file)

which will also be used by routing program.

' The routing program reads the LCA, XFF and SCI netlist f,les to generate an l-Cube

interconnect format.

' The l-Cube development software reads this f,le to generate a configuration bit f,le for

FPID devices.

The routing software requires three different netlist files which are created by the XACT

and Orcad netlist translators. By reading these three files, the routing software can determine

how the system is going to be interconnected together. Each of these three netlist files provide

unique information to the routing program. The XFF and LCA both are created by XACT. The

XFF flle provides the signal names, and the signal attributes such as input, output, or bidirec-

tional. The LCA file provides signal name , and the pin location of that signal. These two files

provide the routing software with three important pieces of information to determine the intercon-

nection of the FPGAs . They are the signal narne, pin location of the signal , and the signal

attributes. The SCI file on the other hand provides the signal natnes, pin locations on the header

of those signals, which headers the signals are iocated, and the signai attributes. With this infor-

mation the routing software can determine how to connect the signals between the FPGAs and the

Target System.
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The above list gives an overview of the design flow for the routing software. The routing

software consists of several stages of development. Each stage of the routing software generates

specific information which witt be used later by the next stage. The reason for breaking up the

routing software in different stages is that this allows for easy software debugging. There are

seven different stages of the routing software. They are Netlist Translation, Netlist Error Check-

ing, Interconnect Translation, Net Routing, Portmap Configuration Attribute (PCA) Translation,

Transiation from PCA to l-Cube netlist format, and FPID bitstream compiler.

6.2 Nettist TFanslation

The netlist translation software reads in the LCA, XFF, and the SCI files to generate a

connection format file which is the ITC file. Note: when LCA, XFF, SCI, or ITC is mentioned it
means the extension of the filename. Figure 14 shows the design flow of this netlist translation

process.
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As shown in Figure 14 the netlist translation software consists of four different processes.

They are translating FPGA#I netlist, FPGA#2 netlist, Target System netlist, and generation of a

Net Connection Netlist.

6.2.1 FPGA Netlist Tbanslation

The FPGA netlist translation for both FPGAs are similar. The only difference is that one

indicates FPGA#I and the other indicates FPGA#Z. As mentioned earlier the LCA file provides

the signal names, and the pin locations of particular signals. The XFF file on the other hand pro-

vides the signal names, and the attributes of those signals.

When the netlist translation reads in the LCA file, the only information that needs to be

scanned is a line which contains "Nameblk". This line contains the signal name and the pin loca-

tion. The software will read in the LCA fiie and scan each line of this file until it reaches a line

which contains "Nameblk". Once this event has been detected it saves the signal name and the

pin location information. The next step is to read in the XFF file and scan each line of this file

until it reaches a line which contains "EXT" which provides signal attribute information. Once

this event has been detected, it compares the signal name in the LCA file to the signal name

detected in the XFF file. If the signal name is identical between the two files, it will save rhe sig-

nal name , the signal pin location, and the signal attribute information in a FPGA#I.NET or

FPGA#2.NET file. If the signal detected in the XFF fite is not the same as in the LCA file, ir will
continue to scan until this condition is detected. The software will scan the LCA f,le for the next

line that contains "Nameblk" and the whole process described above will continue until the soft-

ware reading the LCA fite detects an end of file. The order in which the information is stored in

the FPGA.NET f,le is as follows:

"aa pin-location signal-name signal_attribute:" Where aa indicates the FPGA#I or 2

For exampie: "x 200 wr-enable I:", represents FPGA#I with a wr_enable signal

located at pin location 200 and its attribute direction is input (X maps to FPGA#I).

6.2.2 Target System Netlist TFanslation

The Target System netlist provides the information on how the Target System is intercon-
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nected. The only information that concerns us are the signals which are interfaced to the FPGA

(ASIC) signals. The software will read in the SCI file and scan each line of this file until it
reaches a line which contains "Net". Once this event has been detected, it will scan that line and

determine if that particular signal is interfaced to the FPGA or not. This is accomplished by

determining if the signal is connected to the header VO. It is either Header#l, Header#2,

Header#3, or Header#4. When the software has detected this condition, it saves the signal name,

the header VO number along with the pin location in that particular header, and the signal

attribute. The order in which the information is stored in the Target.Net file is as follows:

"signal-name aa bb signal-attribute:" 'Where 
aa defines header no. and bb defines pin

location in that particular header.

For example: "asic-wr J 23 O:" , represents header J pin23 has asic_wr signal with

attribute direction output. Note: J, K, L, M represent Header #I,2,3 and 4 respectively.

6.2.3 Generating the fnterconnet Netlist

This part of the netlist translation software generates the information which def,nes the

interconnect between FPGA#I to FPGA#2 to the Target System, FPGA#I to FPGA#2, FPGA#I

to the Target System, or FPGA#2 to the Target System.

The software reads in three NET f,les which were generated as mentioned above or two

NET files if only one FPGA is used. Figure 15 shows the flowchart of this particular subroutine.

The results of this netlist translation software are the signal names, pin locations on each device

with a corresponding attribute. For example:

1 Net D0
2 X1000
3 Y25 I
4 J23 I
5 End
The above example represents; Signal D0 is an output signal at FPGA#I pin 100 con-

nected to an input at FPGA#2 pin25 and connected to an input at Header#I pin23. The netlist

translation software generates an ITC file. For each of the nets, the 'source' is always atline 2

which simplifies the algorithm for the next software section.
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6.3 Netlist Error Checking

The error checking routine reads in the ITC file and processes it for errors; if errors are

detected the result is saved in the LOG file which can be viewed later. It also checks for warning

conditions. The following errors and warnings are checked for.

Errors:

' A net cannot have more than one output (drive source). This produces a contention

message indicating multiple sources.

' A net cannot have only an input signal. This produces a no source message.

' A net cannot have only an output signal . This produces a no destination message.

Warnings:

A net that has both output and bidirectional attributes. This produces a contention may

occur message.

6.4 lnterconnect TFanslation

The interconnection translation software reads in the ITC f,le and determines how to

interconnect each signal. Refering back to Figure 12, we can see that each of the VO signals on

both FPGA devices and the VO headers are routed to specific ports of the FPID devices. This

information and the information which was generated by the netlist translation software allow us

to determine the interconnections for the FPIDs. Figures 12 shows that depending on a net origin

and destination, a net can be interconnected through one , two, or three FPID devices. The way

the prototyping system is set up , it allows us to interconnect a net in a specific manner. Note: for

example G -> F represent a signal on bus 'G' which is a source to a signal on bus 'F' which is an

input as shown in Figure 12. Appendix A lists different cases of interconnect the prototyping

system supports. Figure 16 shows the flow chart for this interconnect translation program.
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Figure 16:

Interconnect Translation Flowchart
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For example a net wr-enable which was generated from an ITC file is shown below:

Net wr_enable
x125o-
J 20 I
KlOI
M2I
End

X = FPGA#I
J = Header#i
K = Header#2
M = Header#4

The interconnect translation software reads in a tle with an "ITC" extension. It then scans

a line until a "Net" is detected. Once this condition is true, it writes the " Net wr_enable" state-

ment to a file to indicate the beginning of interconnect for net wr_enable. It then scans in the next

line which is always a source or the origin of a net and saves the pin number, the attribute, and the

component identification. The component identification defines on which device the signal is

located. The processing of the next line which is a destination of a net is done the same way.

Next, the program retrieves the component identification and the pin number for the source and

determines on which bus and FPID port the source is located. (Note: refer to Figure 12 for bus

name). This is accomplished by comparing the component identification and the pin number to a

look-up table. Once this is completed, the information consisting of bus name, on which FPID is

the signal is located, and the FPID port is saved away. The same process is done on the destina-

tion signal. Next, the program retreives both the bus name for the source and the destination and

determines the interconnect cases. ( Refer to Appendix A for the listing of the cases.) Once this is

done, the program will write the connection's case, bus name, FPID devices, and FPID ports for

both the source and the destination, followed by a "EndConnect" statement. It will then scan the

next line; if an "End" statement is detected, the program will terminate the process of determining

the infçrconnect cases for net wr-enable. If the resûlt is false, scanning for the next destination

iv,i-ûi*Ð{'tåis net wiil be processed. The resr:lt for the above example is shown below.

rrÍs.: i:rîiJ:-; l¡J |ÈA,A, ;:le'.tirasi1¡ tlili¿;. i't1;¡



1 Net wr_enable
Z Conneci Case 37 Result are stored in a CON file
3 F A23 0
4 AC45 I
5 EndConnect
6 Connect Case 39
7 FA23 0
8 BBlOI
9 EndConnect
10 Connect Case 43
11 FA23 o
12 D C IOOI
13 EndConnect
14 EndNer

The net wr-enable consists of a single source and three destinations. The following witl

explain each of the line numbers shown above.

. Line i: Net name definition.

'Line 2: Determine the connection case for that particular node. Refer to Appendix A

for the connecting cases listing.

'Line 3: The source is located on bus 'F' at port 23 of FPID#I with an output attribute.

' Line 4: The destination is located on bus 'A' at port 45 of FPID#3 with an input

attribute.

' Line 5: Indicate end of connection for this particular node within net wr_enable.

. Line 6 - 13 are similar to line 2 - 5.

' Line 14: Indicate the end of connection for this particular net 'wr_enable'.

This "CON" file provides us with the information in terms of how a net is interconnected

among the FPID devices. It also provides us a connection case for each node in a particular net.

As shown above, the example net wr-enable has 3 nodes. By definition the number of nodes

equals number of destinations.

6.5 Net Routing

This software determines the routing path for a particular signal. The signal could be

routed through one, two, or even three FPID devices depending on the source and the destination.
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The worst case for routing any signal is through three FPID devices. Figure 17 shows the flow

chart for this routing software.

Read CON file

Scan a line

Net Statement

Scan next line

tatement Detected

Get Case No.

Scan next line

Get FPID No., Port, Attr.

Scan next line

Get FPID No., Port, Attr.

Stâtement Detected
Scan next line

EndConnect

Statement Detected Scan next line

Figure 17: Routing Flowchart

Exit

Exit
Error Occur
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The routing software reads in the CON file which was generated by the interconnect

translation software. It then scans a line until detects a Net statement within a line. Once this

condition is true, it scans the next line until it detects a Connect Case statement within a line.

When this condition is detected the Connection Case number is saved, the next two lines are

scanned. Each time the software scans a line, it saves the FPID number, port, and the attribute

information. Once this is done the process for determining the connection is begun.

Refer to the result above for Net wr-enable. The process for determining the connection

case begins by retrieving the Connection Case NUMBER, for our example the first connection

case is 37. This indicates that the source originates at FPGA#I locate on bus 'F' connected to

FPID#I through bus 'J' to FPID#3 and ends up on bus 'A' connected to Header#l. This is illus-

trated in Figure 10. Once the software detects the specific case number for interconnecting apàr-

ticular node; it knows the connection for that node is either through one, two or three FPIDs. The

system is set up in such a way that each connection case represents a specific routing path. This

keeps the routing software simple. Once the software has determined the routing path for each

node; it retrieves the FPID number, port, and attribute for both the source and the destination and

writes this information to the ROU file. During this process the attributes will be the opposite

from when the attribute was first read in. For example if the original source was an output; the

ROU source attribute will be input. The only attribute that will not change is bidirection.

Next the software determines if the end of a net connection is detected or not. This is done

by scanning the next line and checking if EndConnect is detected. If this condition is true, it

means that this is the end of node connections and the next line is scanned in. It then checks for

the Endnet statement within this line. If this true; it means that we have reached the end of the net

connection for routing purposes. If the result is not true the whole process starts over again. The

lesult for Net wr-enabie is as shown below. Note the result of this software is saved in an ROU

file. Figure 18 shows the routing path for Net wr_enable with three different nodes.
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Node 1

Node 2

Node 3

{

{

{

Net wr_enable
Connect
A Portmap 23
A Portmap 80
C Portmap 30
C Portmap 45
EndConnect
Connect
A Portmap 23
A Portmap 80
C Portmap 30
C Portmap 35
B Portmap 112
B Portmap 10
EndConnect
Connect
A Portmap 23
A Portmap 80
C Portmap 30
C Portmap 100
EndConnect
EndNet

IFSEL = I.Nil

IFSEL = OP]
IFSEL - rN]
IFSEL = OP]

IFSEL = INI
IFSEL = OP]
IFSEL = INI
IFSEL = OP]
IFSEL = INI

IFSEL = OP]

IFSEL = JN]
IFSEL = OP]
IFSEL = D{]
IFSEL = OPI

This is a result from the routing
software and the result is saved
in ROU file.

I

I

\

Node 1

Node 2

Figure 18: The Routing Path forNet wr_enable 
r r r r Node 3
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6.6 Portmap Configuration Attribute Tbanslation

This software transiates the information stored in the ROU file into an I-Cube Portmap

Configuration Attribute format (PCA). Figure 19 shows the software flowchart.
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The main purpose of the net routing software is to read in the ROU file and extract out all

of the duplicate interconnect information for a particular net. The result of this is saved in a PCA

f,le. Refer to the above example for Net wr_enable; the result for this net is as follow:

Net wr_enable
A Portmap 23 IFSEL = IN]
A Portmap 80 IFSEL = OP]
C Portmap 30 IFSEL = IN]
C Portmap 45 IFSEL = OP]
C Portmap 35 IFSEL = IN]
B Portmap 112 IFSEL=OP]
B Portmap 10 IFSEL = OP]
C Portmap 100 IFSEL = OP]
EndNet

This PCA file shows how a net is interconnected among the three FPID devices. For

example the iine "A Portmap 23 [FSEL = IN]" represents FPID#I at port 23 is to be configured

as an input.

6.7 TYanslation of PCA to I-Cube Nettist Format

tion

file.

lows:

This software reads in the information stored in the PCA f,le and translates this informa-

into an I-Cube netlist format which will be compiled by FPIDComp into configuration bit

Figure 20 shows the flowchart of this software. The result for the above is illustrated as fol-

Device IQ320 Ul U2 U3
JTagChain JC1 U1 U2 U3
Devlnst IQ320 Ul;
Portmap 23 [FSEL=IN];
Portmap 80 [FSEL = OP];
Connect 23 80:

EndDevinst;
Devlnst IQ320 U2;
Portmap 112 IFSEL = IN];
Portmap 10 IFSEL=OP];
Connect I12 l0;

Devlnst IQ320 U3;
Portmap 30 [FSEL=IN];
Portmap 45 IFSEL = OP];
Portmap 35 {FSEL=INl;
Portmap 100 [FSEL = OP];
EndDevinst;

The interpretation of the above netlist format will be explained in detail in the next sec-

tion. This information is stored in an NLT file.
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Figure 20 : Flowchart for Translating from PCA to l-Cube Netlists
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6.8 FPID Bitstream Compiler

FPIDComp is an FPID "compiler" that accepts a textual netlist f,le describing the desired

connectivity and functionality for one or more FPID devices and compiles the netlist into a bit-

stream file[9]. When downloaded into the devices, the bitstream will conf,gure the FPIDs to

exhibit the desired connectivity and functionality. The input and output files of FPIDComp are

shown in Figure 21.

Figure 21: FPIDComp Input and Output Files

The program allows the user to describe the desired connectivity and VO port functional-

ity in a simple textual netlist file. From the netlist description the system automatically generates

the necessary JTAG bitstream to configure the FPID devices. This greatly alleviates the user from

having to deal directly with the JTAG mechanism used to configure the devices and the detailed

internal operating of the FPID device.

The program can be used to generate bitstreams for a full or incremental configuration. In

full conf,guration the bitstream starts by first initializing all the FPID devices and then fully con-

figuring them. In the incremental mode, the devices are in some operational, non-reset condition.

The bitstream will only incrementally reconfigure certain portions of the devices.

For the designs containing more than one FPID, the devices are assumed to be daisy-

chained to form a "JTAG chain" as shown in Figure 22.

U3TDI TDO
TMS TCK

TMS TCK

TDI "Configuration Cicuit"

Figure22:
Daisy-Chaining Multiple FPID
Devices to form a JTAG Chain
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A design netlist specification file (NLT file) consists of two parts; the configuration speci-

fication and the connectivity & attribute specification. The configuration specification def,nes the

number and kind of devices comprising a JTAG chain and the order of chaining. The connectivity

and attribute specification defines, for each FPID device, the schematic signals connected to the V

O ports, the attribute(direction and other functions) of each VO port, and the manner in which the

VO ports are to be connected using the crossbar switch affay. The following shows the outline of

a design netlist specification:

// Configuration specif,cation.
Device device ID inst_name_l inst_name_2 ......;
Device device_ID inst_name_3 inst_name_4 ......;

JTAG Chain name
inst-namej inst-name-i insr_name_k ......;

// Connectivity & Attribute specification.
Devlnst device_ID inst_name_a;

Portmap ........;

ðon""rt
EndDevinst;

Devlnst device

EndDevlnst;

:

_ID inst_name_b;

A netlist file consists of a sequence of statements. Each statement starts with a reserved

keyword and ends with a semicolon(';'). A statement may span more than one line. A double-

slash ('//') is used to indicate a comment. All text following the double-slash, up to the end of the

line, is treated as cofiìmentary and ignored. All keywords and names used in the netlist file are

case-sentive. Statements in the design netlist specification are described as follows:

The "Device" statement (" Device device ID insr-name-l inst_name_2 ...;"): The

Device statement lists, for each device type used in the design, the instances that are of the paitic-

ular type. Each device instance is identified by its reference designator. There can be as many

Device statements as there are device types. The following is the list of device types (device_ID)

currently supported by I-Cube corporation. They are IQ320, IQ240B, IQ160, IQ128, and IQ96B.
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The "JTAGChain" statement ("JTAGChain chain_name inst_name_i inst_name_j .."):

The JTAGChain statement lists all the devices in the JTAGChain according to their order of cas-

cading. The first device is the one that is connected to the external TDO and the last device is the

one that is connected to the external TDI. As an example, the devices in Figure 22 wouldbe spec-

ify as follow: " JTAGChain JCI Ul .... IJZ IJ3 ":

The "Device & EndDevlnst" statement: The detailed specification of each device

instance is contained in a list of statements bracketed by two statements Devlnst and EndDevlnst.

The opening bracket repeats the device type ID and the instance reference designator. There may

also be some instance-specific attributes that are given in the attribute specification part. The list

of statements ends with an EndDevlnst statement.

V/ithin the statement brackets, four statement types are used to specify the way an FPID

device is connected to the other parts on board, the desired characteristics of the device's VO

ports, and the way the VO ports are to be connected using the crossbar switch. These are describe

below.

The "Portmap" statement ("Portmap Port Net [Attribute]; "): Defines the external con-

nections to FPID VO ports. It maps a signal net in a schematic drawing to an IO port of the FPID

part, or a group of nets to a range of VO ports. The statement also defines the desired attribute for

the VO ports. The Net part may left empty. In that case, the user is just defining the VO port

attributes. For example " Portmap 0 Ni IFSEL = OP]; " indicates that the signal net Nl in the

schematic drawing is connected to port 0 of the FPID and the port is an output.

The "Connect" statement (" Connect port port ..... ; "): Specifies how the VO ports are

to be connected through the crossbar array. The specification may be based on the "external" sig-

nal nets. For example "Connect 10 20 30;", here the desired connectivity is specified directly

using the VO port numbers. Thus three VO port (10, 20, and 30) are to be tied together using the

crossbar array.

The bitstream file format (JTAG bitstream file) generated by FPIDComp is a fully packed

binary file. The file starts with a header block containing some identification information. A
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multi-byte number in the header block is stored in such awày that the least significant bits occupy

the lower addressed byte position. For example, for a 32 bit intege¡ if the least significant 8 bits

are kept in byte "n" , the next 8 bits witt occupy byte "n+1",....., etc. The following shows the

specification of the JTAG bitstream format.

Byte Number

0-79

80 -83

84-87

88-91

92-95

96 - 127

128

Contents

Text string identification file type (Printable ASCII str.ing for DOS

Type commands).

Length (number of bytes) of this header block (32bit integer).

File format version/revision number (32 bit integer).

Reserved.

Number of clock cycles of JTAG bitstream (32bit integer).

Reserved.

JTAG data containing TMSÆDI data alternating bytes, 8 cycles to

one byte. That is, byte 128 contains the first I TMS bits, byte 129

contains the first 8 TDI bits, etc. Within each byte the bits are

stored from the LSB to MSB, ie., bit 0 of byte 128 is the cycle 0 of

TMS value, bit 0 of byte I29 is the cycle 0 of TDI value, etc. There

will always be an even number of data bytes. Partial bytes at end

are filled with all0's.
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CHAPTER 7

7.0 Host / Micro-controller Software

The host software is responsible for sending commands to the prototyping board. The

communication link between the host and a prototyping board is through the parallel port. The

commands that the host can performs are as followed:

. Get Status.

. Write Configuration .

. Read Configuration .

. Load Interface FPGA configuration bit f,le.

. Load FPGA #1 configuration bit file.

. Load FPGA #2 configuration bit file.

. Load FPID configuration bit file.

. Program the Interface FPGA.

. Program FPGA #1.

. Program FPGA #2.

. Program both FPGAs .

. Program FPID .

. Program all FPD devices.

. Xchecker for FPGA #1.

. Xchecker for FPGA #2.

. Step Clock.

Host (PC)

Parallel
Port

Figure 23: Communication Interface between Host and Prototyping Board
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7.1- Communication Handshaking Between the Host and the Prototyping Board

The communication interface between the host and a prototyping board is shown in Figure

23. The standard PC parallel port is a unidirectional port. The parallel port has three independent

buses. They are data out bus "D[0...7]" configured as output, status bus "status(O...3)" configure

as input, and control bus "Control(0...3)" configure as output. D[0...7], Status(O...3), and Con-

trol(O...4) are located at 0x378, 0x319, and 0x374 respectiveiy at the VO memory address of the

PC. Dt0...71 is used to write out a byte to the parallel port, Status(0...3) is used to read back a

nibble, therefore in a read cycle there will be two consecutive reads, one for the upper nibble and

one for the lower nibble. Control(0...4) is used as a controlling signals interfaced to the prototyp-

ing board. The controlling signals are write strobe, read strobe, and address decoding located at

bit postions 0, 1, and 2-4 respectively. The foilowing shows the signal description for Con-

trol(O...4).

Bir

0

1

2 ...4

Description

Write strobe: Active low.

Read strobe: Active low.

000 => Select Control Register.

001 => Select'Write Buffer Register.

010 => Select Read Buffer Register (lower nibble).

011 => Seiect Read Buffer Register (higher nibble).

100 => Select XCchecker for FPGA #1.

101 => Select XCchecker for FPGA #2.

110 => Select Clock Step function.

'Write strobe: Whenever a write to a parallel port address occurs this signal should pull

low. Its default state is logic high.

Read strobe: Same as write strobe.

Control Register: This register stores the status of the handshaking conìmunication. It is

an eight bit register. This is a read only register by either the host or the micro-controller DS5001.

The following is the bit definition of this regisrer:
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' Bit 0: 'Host Transmit Register Empty'. The Host Transmit Register is empty whenever

this bit is set. The host can only write to the parallel port when this bit is set.
'When 

a host writes to the parallel port this bit is cleared and it can only be set

when the micro-controller does a read.

' Bit 1: 'Host Receive Register Full (lower nibble)'. The Host Receive Register is full

when ever this bit is set. The host can only read from the parallel port when this

bit is set. When the micro-controller writes to the parallel port, this bit is set and it
can only be cleared when the host does a read.

. Bit2: 'Host Receive Register Full (upper nibble). Same as the above

' Bit 3: 'Slave Transmit Register Empty'. The Slave Transmit Register is empty when-

ever this bit is set. The micro-controller can only write to the parallel port when

this bit is set. This bit can only be cleared when the host does two consecutive

reads from the Host Receive Register for the lower and upper nibble.

' Bit 4: 'Slave Receive Register Full'. The Slave Receive Register is fuil whenever this

bit is set. The micro-controller can only read the Slave Receive Register when this

bit is set. When a host writes to the parallel port this bit is set and it is clear when

the micro-controller reads the Slave Receive Register.

' Bit 5: 'Interface FPGA DONE pin'. This bit indicates the status of the configuration of

the Interface FPGA. Logic 1 indicates a proper configuration, logic 0 indicates an

error in configuration.

' Bit 6: 'FPGA #1 DONE pin'. This bit indicates the status of the configuration of the

FPGA #1. Logic 1 indicates a proper conf,guration, logic 0 indicates an error in

conf,guration.

' BitT: 'FPGA #2 DONE pin'. This bit indicates the status of the configuration of the

FPGA #2. Logic i indicates a proper configuration, logic 0 indicates an error in

configuration.

The handshaking state machines and the registers are designed in the Interface FPGA

which is a XC3042 part. The Interface FPGA controls the set and reset of all the bits in the regis-

ters and generates interrupts to the micro-controller when ever the host does a write.
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Host Write Cycle: The host begins the write cycle by polling bit 0 of the control register

until this bit is set. When rhis is true; the dara is latched to D(0...7),

the write strobe is pulled low and Write Buffer Register address is

selected. This generates an intem.rpt to micro-controller.

Host Read Cycle: The host begins the write cycle by polling bit 1 of the control register

until this bit is set. 'When this is true; the read strobe is pulled low,

the Read Buffer Register (lower nibble) address is selected and the

data is read through Status(0...3). The same process is done when the

host reads the Read Buffer Register (upper nibble).

7.2 Get Status Command

The Get Status Command allows the user to retrieve information from each of the FPDs

on the prototyping board. The information that the user can get back are the Revision number,

the Date , the Time , and the Filename of a particular file. This could be any of the configuration

bit f,les of the Interface FPGA, FPGA#I, FPGA#2 or FPID devices.

7.3 WritelRead Configuration Command

The V/rite Confrguration Command allows the user to set the configuration of the pro-

gramming mode for the FPDs. The configuration can be set so that the configuration bit file for

interface FPGA can be downloaded after reset or after power up. Another configuration is to

download all of the configuration bit files to all of the FPDs or selectively download any of the

conf,guration bit files. The default state is the configuration to download to all of the FPDs. This

configuration is stored in the memory. When the micro-controller comes out of reset the first

thing that it looks for is the conf,guration command information.

The Read Configuration Command allows the user to retrieve the Configuration Com-

mand information on how the prototyping board is conf,gured.

7.4 Load Interface FPGA Configuration Bit File

This command allows the user to download the interface FPGA configuration bit f,le to
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the prototyping board. When this command is executed, it reads the MCS file which is the config-

uration bit file in Intel Hex format and writes a byte at a time to the prototyping board for down-

loading. This commands does not program the interface FPGA. The configuration is downloaded

and stored in the memory of the prototyping board. This allows the user the flexibility to redesign

the interface FPGA to suit his application requirement. This is one of the advantages using

FPGAs in a prototyping environment. Besides the conf,guration bit file being downloaded, the

header of this f,le contains the Revision Number,Date, Time , Filename and the number of bytes

in the configuration bit file. This information is useful when the user wants to read back the status

of the interface FPGA.

7 .5 Load FPGA #1 / FPG A #2 Configuration Bit Fite Command

This command is similar to the above command. The advantage of this command is that it

aliows the user to modify the FPGA and download the new configuration bit while the system is

still in operation. One exception that the user must follow is that the VO names must be assigned

to the pin number as in the previous design.

7.6 Load FPID Configuration File Command

The process for this command is similar to the previous one. It allows the user to down-

load the new interconnect netlist to the prototyping board. For example, some signals that needed

to be monitored using a logic analyzer or scope can be made by modifying the NLI file and use

FPIDComp to compile a new configuration bit file . This modified bit file is downloaded to the

prototyping board within a matter of minutes.

7.7 Program Interface FPGA Command

This command lets the user program the interface FPGA. The programming for the inter-

face FPGA can be made by executing this command. Another way is setting the configuration of

the prototyping board. When the micro-controller receivedsthis command; the programming of

the interface FPGA is executed until all of the bits are fully downloaded to rhe FPGA and the

interface FPGA DONE pin bit is set in the control register . This is accomplished by monitoring

the DONE pin on the FPGA. If this pin transitions to a logic high after all the bits have been
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downloaded, then FPGA device is properly configured. During this process the micro-controller

is generating the configuration bit DIN and the CCLK signals.

7.8 Program FPGA #1 / FPGA #2 Command

This command is similar to the above command. The only difference is that instead of bit

bashing out the configuration bit file , it latches out a byte at a time and a state machine in the

Interface FPGA will generate a CCLK and a DIN signals to download the conf,guration bit f,le. It

takes eight clock cycles to download a byte to the FPGA#I or FPGA#2 with a lOMHz clock rate.

This clock rate is a lot faster than the execution rate of the micro-controller; so we don't need to

generate interrupt to the micro-controller every time a byte is shifted out. The micro-controller

only needs to get a byte of data and latch that data out until the end of the buffer.

7.9 Program Both FPGAs Command

This command is executed when the user wants to program both FPGAs at the same time.

The process of this command is similar to the above. FPGA#I is programmed first then follow by

FPGA#z.

7.10 Program FPID Devices Command

This command let the user download the configuration bit file to the prototyping board.

The process for this command is similar to the above. The only difference is that the state

machine in the Interface FPGA needs to receive two bytes of data the TMS and TDI byte before it

can download the bit file to the FPID devices. The interface FPGA is responsible for generating

TMS, TDI and TCK signals.

7.11 Xchecker for FPGA #1 / FPG 
^ 

#2 Command

This command allows the user to execute the Xchecker functionality provided by Xilinx

software. The circuit in the interface FPGA will route the appropriate Xchecker signals to either

one of the FPGAs depending on the Command it receives. Figure 24 shows the Xchecker inter-

face between the interface FPGA and both of the FPGAs. The XChecker provides the following

capability:
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' Aliows the user to download a design to the Logic Cell Anay (LCA) on the Target Sys-

tem.

' After configuration of an FPGA, the Xchecker can verify its configuration by comparing

it to the original design.

' The user can probe an LCA s internal logic with XChecker to debug the design. Probing

is the execution of a readback of all the configuration data and extracting the internal

logic states of desired signals from it.

Connected to Serial
port of PC

Xchecker Cable

Figure 24: Xchecker Interface between the Interface FPGA and FPGA#I and FPGA#2

System
RD-TRIGl

CCLK
RD-DATAl

DDIN
DDINl

DONE
DONEI

RD-TRIG
CCLK

RD-DATA
DDIN2

RD-TRIG2

RD_TRIGl

RD-DATAl

DDINl

DONEl

CCLK FPGA#I

CCLK

DDIN2

RD-TRIG2

RD_DATA2

DONE2 FpcA#2

For downloading configuration data, the XChecker can be used with a single FPGA, or

several connected in a daisy chain. For the prototyping system developed here there is only one

FPGA that can be configured at a time. This is compatible with the XChecker when it is used to

read back data or as a logic probe, the XChecker can only be used with one device at a time. The

functionality for each signal of the XChecker is described below:

' CCLK: Conf,guration Clock provides configuration clock to the target system during the

configuration and readback.

' DDIN: Data In provides configuration data to the Target System during configuration

and is 3-state at all other times.
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. DONE: DONE program provides an end of configuration.

. RD-TRIG: Read Trigger initiates a read back by causing a Low-to-High transition at the

target LCA RTzuG pin.

. RD_DATA: Reads back data from the target LCA is read at this pin RDATA.

Ali of the commands for executing the XChecker can be obtained from the XACT Hard-

ware and Peripheral Guide in Chapter 5.

7.12 Clock Stepping Command

This command allows the user to enter the number of clock cycles to be executed. The

clock cycie ranges from 1 to 65,000 cycles or runs in a continuous mode. Figure 25 shows the

interface of the system clock to both of the FPGAs.

Oscillator Modual I

Oscillator Modual 2

Interface FPGA

Figure 25: System Clock interface to FPGA

Another option is that the user can choose to run both FPGAs with a single clock source or

run each FPGA with an individual clock. The Interface FPGA circuit will determine how many

clock cycles will be executed and which oscillator will be routed to the FPGA. This is dependent

on the command given by the user. On the prototyping board the oscillator module is not sol-

dered down therefore the user can change the speed of the system with ease.
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CHAPTER 8

8.0 The Prototyping System Performance and Testing

The performance of the prototyping system was tested using a divided by two counter

with the output of the flip-flop routed through the l-Cube#2 to I-Cube#l to FPGA#I and through

I-Cube#3 to the input of the flip-flop as shown in Figure 26.

<-_
Routing Path

Figure 26: Prototyping System Performance Test Circuit

This test circuit provides the maximum possible delay through the three FPID devices.

The divide by two counter is resideNT in FPGA#I while FPGA#2 only provides a buffer

through input-output The input clock to the flip-flop was generated by the function generator to

create various clock frequencies. The DIN, DOUT, and CLOCK signals were captured using a

Technotrix TDS510 modei capable of storing waveform information. The waveform information

will be downloaded to a wave plotter to create a hardcopy. The tested clock frequencies were 5 ,

IO , 12 , 13, and 14 MHz. The result of difference frequency test results are shown in Appendix

C. From the test result the performance of the prototyping system starts to fail when the clock fre-

quency is at 14 I|dH:z, this is caused by the fact that the input data transition to the input of the flip-

flop did not meet the setup time specify by Xilinx. Figure 27 shows the timing diagram of the

test circuit.
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'l lta

l¡
J ktl

tt
Figure 27 : TestCircuit Timing Diagram

t1 = Time delay from an input pad to an output pad of the XC4013-6.
t2 =Time delay from DOUT through three FPID devices to DIN.
t3 = Setup from DIN to positive edge of CLOCK.

Table 1:

Frequency r1 t2 t3

5 MHz 30 ns 40 ns 30 ns

10 MHz 30 ns 40 ns 30 ns

72jll{Hz 30 ns 40 ns 13 ns

13 trl{}lz 30 ns 40 ns 7ns

t4l¡{Hz 30 ns 40 ns 2ns

Table 1 shows the result created by the test circuit. The test circuit begins to fail at 14

MHz clock because of the time violation at t3; for XC4013-6 the minimum for t3 is 6 ns [8].

When there is a time violation at t3 the output of the flip-flop becomes tristate as shown in the plot

in the Appendix C. Even though the test circuit passed at 13 'lr f.Hz, for a more complex design

the recommended frequency should somewhere between 8 - 10 MHz allowing more setup time.
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8.1 Testing the Prototyping System

The prototyping system was tested for manufacturing by designing a state machine to gen-

erate a 96 bit output of walking ones and zeros within an FPGA. The design was runnin g at a 2

Hz internal clock of the FPGA. This is used for the visualization of the LEDs mounted on the

header. The test design generate a walking ones pattern for 96 clock cycles then a walking zeros

for 96 clock cycles and keeps repeating. The outputs of the FPGA#I are connected to the

FPGA#2 which acts as a buffer to drive the LEDs mounted of the Header#l and Header#2. Fig-

ure 28 shows the routing path of the walking ones and zeros test circuit.

HEADER#1

cî)+
ú
14

H
+r(\

t+
ú
fq

H
H
'¿¡

HEADER#4

Figure 28: Walking Ones andZercs Routing Path

The purpose of this testing is to test out the routing software and secondly test out the

operation of the hardware. This test provides a testing checklist for the commands provides by the

prototyping system. The following commands were sucessfully passed when running the walking

ones and zeros test are; get status, write configuration, read conf,guration, load interface FPGA

configuration bit file, load FPGA#I and #2, program interface FPGA, program FPGA#I, program

FPGA#2 , and program all FPD devices. Appendix D shows the schematic capture for both

FPGAs and the target system. It also shows the files generated by the routing software. The files

are originally in text then reformat to smaller font for easy display.
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CHAPTER 9

9.0 Conclusion and Recommendations

Increasing ASIC complexity and relentless time-to-market pressures complicate design

prototyping and verification. Fortunately, new solutions are arising that allow designers to test,

debug and verify their ASIC designs rapidly, in an environment that closely resembles the final

product.

The time tested approaches of hardware breadboarding and simulation are still important

methods, but they have some shortcomings. With today's designs, the traditional approach to

building a breadboard prototype can be expensive and error-prone. And if bugs or design errors

are found, making changes can be diff,cult and time consuming.

Simulation is also a powerful approach to verify a design, since it provides the flexibility

that breadboarding lacks. But the effectiveness of simulation depends heavily on modeis, and

models for a newly introduced device may not be immediately available. Simulation also take

time, and there are many real-world applications that can not be effectively simulated.

The prototyping system developed here provides the designer with new prototyping solu-

tions through the use of FPGA and FPID devices. This prototyping solution can be considered as

an in-circuit emulation technology. The reprogrammable hardware is automatically configured to

emulate the functionality represented by an ASIC netlist. The capability resembles that provided

by microprocessor in-circuit emulation except that the functionality of the system can be repro-

grammed quickly to emulate various ASIC designs from their netlist.

The prototyping system developed is a low cost ASIC in-circuit emulator. It provides the

designer a flexible and a generic testing environment due to the fact that the components are all

reprogrammable.

Figure 29 shows the front view and Figure 30 shows the rear view of the prototyping sys-

tem as a complete product.
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Figure 29: Front View of the Prototyping System
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Recommendations

After a period of writing software and debugging this prototyping system I've found that

there are some areas where this system could be modified. The areas that I think need improve-

ment are:

' Using an enhanced parallel port : This is a bi-directional parallel port where the data bus

is bidirection. This will speed up downloading the configuration bit file considerably.

Using the enhanced parallel port would reduce the gate count on the handshaking cir-

cuitry in the Interface FPGA.

'Reconnect the way the FPGAs and the FPIDs are interconnected together. The current

system presents some routing problems. Refer to Figure 10, for example after the place

and route on both of the FPGAs, the result of the netlist tells us that all the signals on bus

'F' must be connected to all of the signals on bus 'H'. This will provide a fatal routing

path. We can see that in order to route from bus 'F' to 'H', the signal path must travel

from bus 'F' through FPID #1 to bus 'J' through FPID #3 to bus 'M' through FPID #2

then terminate on bus 'H'. The problem arose when the signals travel through bus "J'

and "M' which only provides 64 VOs for interconnect while the bus 'F' can commodate

upto 96 VOs. Since we may need to connect 96 VOs on bus 'F' to 96 VOs on bus 'H' we

are 32 VOs short. This is the bottle neck of the routing resources on the prototyping

board. I recommend that we reconnect32UOs on bus G' to bus 'J' increasing this bus

to 96 VOs and the same solution on bus 'E' and 'M'. When we make this modification

the VOs on both Header #2 and#4 will reduceD to 3ZIlOs each and providing Ig2IlOs

to connect to the target system.

' UsE a bigger part for Interface FPGA device. We could increase this part to a XC3064

or even some XC4000 series device. At this time the Interface FPGA is about 85Vo uti-

lized.

' Connect to the Interface FPGA to at least 16 VOs from either one of the Headers. This

will give us the option of triggering on certain events. With this option the prototyping

system is functioning as a logic analyzer. There will be a state machine implementing

this function in the Interface FPGA. This function can be used in conjunction with the
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XChecker software. For example when the system detects the triggering event, it stops

the system clock and using the XChecker reads back the internal states of the design in

the FPGA.

' A software routine to translate a state logic of a signal or a bus into waveform format for

the ease of visualize.

'Routing software to translate the schematic netlist from Mentor Graphic , Cadence or

View Logic to l-Cube configuration bit format.
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GLOSSARY

FPID Field Programmable Interconnect Device.

FPGA Field Programmable Gate Array.

FPD Field Programmable Device.

ASIC Application Specific Integrated Circuit.

PCB Printed Circuit Board.

AO Input / Output.

SRAM Static Random Access Memory.

TDI Test Data In.

TMS Test Mode Select.

TCK Test Clock.

TRST Test Reset.

CLB Configurable Logic Block

IOB Input Output Block.

LCA Logic Cell Array.

RPB Rapid Prototyping Board.

PC Personal Computer.

VHDL (VHSIC) Hardware Description Language.

NVRAM Non-volatile Random Access Memory.

ROM Read Only Memory.
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Interconnection Cases



The followings lists all of the possible connection case in the prototyping board.

Case 1

Case 4

Case'7

Case i0

Case 13

Case 16

Case 19

Case 22

Case 25

Case 28

Case 31

Case 34

Case 37

Case 40

Case 43

Case 46

Case 49

Case 52

Case 55

Case 58

G->F

E->G

G->E'

E' -> G'

H->E

A->G

G->B

B->G'

G->D

D->G'

H->B

C->H

F->A

B ->F

F->D

A->E
E->B

C->E

E->D

D->E'

Case2

Case 5

Case 8

Case 11

Case 14

Case 17

Case 20

Case23

Case26

Case29

Case 32

Case 35

Case 38

Case 41

Case 44

Case 47

Case 50

Case 53

Case 56

F->G
G'->E
E'->G
H->F
E->H
G'->A
B->G
G->C
D->G
H->A
B->H
H->D
A->F
F->C
D->F
E'->A
B->E
E'->C
D->E

Case 3

Case 6

Case 9

Case 12

Case 15

Case 18

Case2I

Case 24

Case2l

Case 30

Case 33

Case 36

Case 39

Case 42

Case 45

Case 48

Case 51

Case 54

Case 57

G->E
E->G'
G'->E'
F->H
G->A

A->G'
G'->B
C->G
G'->D
A->H
H->C
D->H
F->B
C->F
E->A
A->E'
E->C
C->E'
E'->D



APPEI{DIX B

The Prototyping System Schematic
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APPENDIX C

Hardcopy of Performance Test Result
and

Schematic Capture of Walking Ones and Zeros with
Output Files of Routing Software



The waveform plots shows the performance test circuit for 5, 70, 12,13 and 74ld}{z clock fre-

quency
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Y64 0P94 0
Y199 0P41 0
Y2L7 0P3 0
Y46 0P93 0
Y10 ()P36 0
Y180 0P56 0
Y19S OP40 0
Y9 0P38 0
Y8 WLK38 I
v2L6 0P2 0
Y215 0P1 0
v21 0P37 0
Y45 0P95 0
Y197 0P39 0
T179 0P55 0
Y44 WLK95 I
Y26 WLK37 I
Y1?S VTLKss I
Y196 WI,K39 I
Y? IiI,K3 6 I
Y25 III,K34 I
x2!4 0P0 0
Y213 Wl,K0 r
Y6 WLK35 I
Y43 IIT,K93 I
Y195 WLKAO I
Y177 WLK56 r
Y61 WLK94 I
Y6O ÍILK92 I
Y2L2 WLK2 I
Y194 WLK41 I
Y5 WXK31 I
Y24 WLK33 I
Y211 WLK1 I
Y193 WLK42 I
Y4 WLK30 r
Y3 WI,K28 I
Y159 9TLK69 I
Y158 WLKTO I
Y59 1ILK9O I
Y58 WI,K88 I
Y15? WLK71 I
Y156 WLK?2 I



wlKl'sl'rB.Doc 3252 Decentber 23,1995 l0:53:28 AM
FPG,.\#2 NETLIST CREAI'ED B\' LSl'2NI'I.EXE
INPUT Fll-l;S: WLKTSTIB.LCÀ WI-K]'STl B.XFF OUTPUT FILES: WLKTSTl B.NET

t23 WLK32
t22 Wr,K29
v2LO m,K3
Y209 WLKs
v2 l¡T,K26 r
Y41 WLK91
yL92 WLE43
Y175 WLK57
Y2L WT,K2?

Y1 VC!K24 r
v20E vÌLK4
y207 9t1,K6
Y40 WLX89
y20 wLK25
Y191 WLK44
Y174 WLR58
Y39 !Û,K8?
Y38 vrI¡X82
Y190 rfLX4 5
Y1?3 WlKs9
Yl9 WLK23
Y37 WLR81
y74 !rLK?9
Y18 W,K22
Y75 WLK86
Y8 3 Y¡f,K8 5
Y55 Wr,R80
Y82 WLK?8
Y73 !rL,K68
Y3 6 Wr.X21
Y54 r{LK20
Y81 Wr,K67
Y72 WLK19
Y80 WLK18
Y91 WLK84
Y99 WLR83
y89 WtK66
Y98 WLK1?
Y98 WLKT?
Y9? 9fLR54
Y96 fiÎ,Kl.6
Y104 WLK15
Y10 5 V|I,K53
Y106 wI,K65
Y114 WLK64
Y113 wl,K52
v1L2 wLK14
xL20 wLK13
tL2L !ÉI$1
YT22 WLK63
Y128 Wf,K12
Y129 WLK50
yt23 WLK76
Y131 WLK?5
Y136 WLK11
YI44 WLK1O

Y137 WLK49
YL52 V¡LK9
Y17 0 Wr,K8

Y145 wl,K4S
Y139 WI,K?4
Yl4? WLK73

I
I
f
I

I
I
r

I

I
I
I
T
I
I

I
I
Í
I

I
I
I
I
I
I
I
r
I
I
I
I
I
r
r
I
I
I
I
I
I
I
I
I
I
I
I
I
I
r
I
I
I
r
I
I
I

Y138 WLK62
Y171 I.¡1K4 6
Y153 WLK47
Y146 WLK61
Y188 WLK?

Y172 WIJK6O

cof

I
I
I
I



\\'¡\LK_NE'I'.Doc 2021 Decembcr 23, 1995 l0:51:38 AM
TAIìcET S\-S'f ItNl NE1'l-lS'f CRE¡\TED BÏ LS'I2NET.EXE
INPUT FILE: W¡\I-K.SCI OUTPUT FILE: WALK.NET

OPO 11 I
oPl 12 I
OP2 13 I
oP3 14 r
OP4 15 I
OP5 T6 I
OP6 T.7 T
oÞ7 r8 I
OP8 19 I
OP9 I1O I
oP10 r11
oP11 fLz
oP12 113
oP13 tLA
oP14 r15
oP15 115
oP16 Al7
oP1? r18
oP18 r19
oP19 f20
oP20 t2L
oP21 r22
oP22 t23
oP23 r.24
oP24 r.25
oP25 t26
oP26 t27
oP27 f2A
oP28 r29
oP29 130
oP30 r31
oP31 f32
oP32 r65
oP33 Í66
oP34 f67
oP35 r68
oP36 r59
OP3? I?O
oP3S r?1
oP39 f72
oP40 t13
oP41 t14
oP42 r75
oP43 f"l6
oP44 f11
oP45 r78
oP46 r79
oP47 r80
oP48 r81
oP49 r-42
oP50 r83
oP51 r84
oP52 r85
oPs3 r86
oPs4 r8?
oP55 I88
oPs6 I89
oP57 r90
oP58 r91
oPs9 I92
oP60 r93
oP61 r94

f
I
I
I
I
I
I
I
I
I
I
I
I
f
I
I
I
I
I
I
I
T,

I
I
I
I
I
I
I
I
T

I
I
I
I
I
r
I
I
I
T.

I
r
r
I
I
I
I
I
I
I
I

oP62
oP63
oP64
oP65
oP66
oP6?
oP68
oP69
oP7 0

oP?1
oP?2
oP73
oP7 4

oP75
oP? 6
oP?'l
oP7 I
oP7 9
oP80
oP81
oPs2
oP83
oP84
oP85
oP8 6
oP8 7
oP8 I
oP8 9
oP90
oP91
oP92
oP93
oP94
oP95
oP64
oP65
oP66
oP 67
oP68
oP69
oP?0
oP71
oP12
oP?3
oP? 4

oP75
oP7 6
OP??
oP? I
oP7 9
oP8 0

oP8 1
oP8 2
oP83
oP8 4
oPg5
oP8 6
oP87
oP88
oP8 9
oP90
oP 91

195 I
r95 I
.ITI
J2 1
J3 I
J4 I
J5 I
J6 I
t1 r
J9r
J9 I
JlO I
.'l1 r
Jr2
.Il3
,r14
.Il5
Jl6
.'l?
Jl8
Jl9
J20
J?L
J22
J23
J24
J'25
J26
J27
J28
J29
J30
J31
J32
J65
J66
J67
J68
J69
J?O
.'?1
112
.J13
J-'14

Í15
J16
J't'l
J?8
J?9
J80
JB1
JA2
J83
J84
J85
Jg6
J87
J88
J89
J90
J91
J92

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
7
I
I
I
I
I
I
I
I
I
I
I
r
I
I
I
I
I
I
I
I
I
r
I
I
I
I
I
I
I
I
I
I



\\',U-K_NET.Doc 2027 December23, 1995
TARGET S)'STEN,I NETLIST CREATED BI' T.ST2NET.EXE
INPUT FILE: WALK.SCI OUTPUT Fll.E: WALK.NET

oP92 .t93
oP93 .t94
oP94 .t95
oP95 J96
eof

l0:51:38 AM



w¡\LK_fTC.Doc 84'73 December23,1995
INTE,RCONNDCl' NETLIST CRI]ATED BY LST2NET.EXE
INPUT FILES: WI-KTST.NET. wl.KTSTl B.NET, WALK.NET

Nct fiT,K82
x34 0
Y38 I
End
Net WLR85
x71 0
Y83 I
Ènd
Nct HLE81
x52 0
Y31 I
End
Nct WLKS0
x70 0
Y55 I
End
Net WLK24
x35 0
Y1 I
End
Nct nl,K?9
x?g o
Y?4 T

End
Net WLK78
x85 0
xa2 r
End
Nct WLK23
x53 0
Y19 I
End
Nct WLK22
x?1 0
Y18 I
End
Net WLK68
x86 0
y'13 r
End
Net WLK86
x?6 0
T?5 I
End
Net wLK84
xs4 0
Y91 I
End
Net wLK21
x79 0
Y36 I
End
Net WLK20
x87 0
Y54 I
End
Net wLK6?
x94 0
Y81 I
End
l¡et wI,K19
x95 0

I0:50:.17 AM

OLTTPLIT FILES: WALK.ITC

Y12 f
End
Net wLK66
x101 0
Y89 I
End
Net WLK54
xLo2 0
Y9? I
End
Nct wLK83
x92 0
Y99 I
End
Net WLK??
x100 0
Y98 I
End
Net WLK18
x103 0
YgO I
End
Net WLKI?
x111 0
Y88 I
End
Net vÍ!R53
x110 0
y105 r
End
Net wLK65
x109 0
Y1O6 I
End
Net m,K64
x117 0
Y114 I
End
Nct WLK52
xl1g O

Y113 I
End
Net WLKl6
x119 0
Y96 I
End
Net wLK15
xL27 0
Y1011 I
End
Nct WlK51
xl26 0
YL2T I
End
Net WLK63
x125 0
YL22 I
End
Net wLK75
xr24 0
Y123 I
End



w¡\LK_trc.Doc 8173 December 23,1995 l0:50:47 AM
IN'I'ERCONNECT NETLIST CRIIA'I'ED B\' I-ST2NET,EXE
INI'UT FILES: WLK'IST.NET, \\'LK]-STI II.NET, WALK.NET OUTPUT FII-llS: WALK.ITC

Net wLR?5
xt32 0
Y131 |
End
Net 9¡LK14
x135 0
Y112 I
End
Nct Ir,K50
x134 0
v]-29 r
EDd
Nct WIJKL3
x143 0
Y12O I
End
Net WI¡N12
x151 0
Y12S I
End
Nct WLR?4
x140 0
Y139 I
End
Nct WLN?3
x148 0
YL47 I
EDd
Net WIJK49
xL42 0
Y137 r
End
Nct WLX11
x169 0
Y136 I
End
Nct wl,K10
x187 0
Y144 I
End
Nct wLK48
x150 0
Y145 I
End
Nct WLX62
x141 0
Y138 I
End
Net. WI,R46
x186 0
Y1?1 I
End
¡¡et WLK47
x168 0
Y153 I
End
l¡et wI,K61
x149 0
Y146 I
End
¡¡et WLKg
x205 0

Y152 T
End
Net wLK60
x185 0
rL?z I
End
Net WLK87
x33 0
Y39 I
End
Net vlIJK2s
x16 0
Y2O I
End
Net WLKs9
x1s4 0
Y173 I
End
Net WLK45
x203 0
Y19O I
End
NeÈ WLK88
x49 0
Y58 I
End
Net wLK2?
x32 0
Y2T I
End
NeL WIJR58

x183 0
Y1?4 I
End
Net wT,K44
x202 0
Y191 I
End
lle t WLK2 6
x15 0
x2r
End
Net WLK29
x31 0
Y22 I
End
¡¡et wLK72
x165 0
Y156 I
End
l¡et WLK?1
x164 0
Y157 I
End
llet Wl,K90
x48 0
Y59 I
End
l¡et WLK28
x14 0
Y3 1.

End



\\'AI-K_I'IC.DOC 8473 Dece¡nber 23,1995 10.50:47 AM
INTIìRCON¡\ ECl' NETLIST CREATED B)' LST2NET. EXE
INPL'T FILIIS: wLKTST.NET, WLKTSTI B.NET, WALK.NET OLTTPUT FILES

Nêt wl,K8
x222 0
Y1?0 I
End
Net WLR?
t<22L O

Y1S8 r.

End
Nct !¡T,K30
x13 0
Y4 I
End
Nct fiT,K31
x30 0
Y5 I
End
Net WLKS?
x1s2 0
Y1?5 I
End
Net WLK43
x20L o
XL92 I
End
Nct WtKg9
x6? o
Y4O I
End
Nct WLK91
x66 0
Y41 I
End
Nct WLKS
><220 0
Y2O7 I
End
Nct wLKs
x219 0
Y2O9 I
End
Net VíLK32
xL2 0
v23 r
End
Net WLK33
,129 0
v24 r
End
Net WLK?0
x163 0
Y158 I
End
Net V¡LK69
xL62 0
Y159 I
End
ì¡et wLK3 4

x11 0
Y25 f
End
Nct 9¡lK3 5

x2g o

\\'At_K.tTC

Y6 I
End
Net WIJK42

x200 0
Y193 I
End
Net wl¡R4
,<2LB O

Y2O8 T
End
Net WLK92
x55 0
Y6O I
End
Net WLK94
x64 0
Y61 I
End
Nct WLK41
x199 0
Y194 I
End
Net WLR3
x2r7 0
Y?LO I
End
Nct WLK93
x46 0
Y43 I
End
Net WLK36
x10 0
v'Ì I
End
Net ?rLK56
x180 0
YL17 I
End
Net WLK40
x198 0
Y195 I
End
Net WLR38
x90
Y8 I
End
Net 9tLK2
x216 0
Y2L2 I
End
Net WLKI.
x2L5 0
Y211 I
End
Net WLK3?
x27 0
v26 r
End
Net wI,K95
x45 0
v44 r
End



w¡\t-K_lTc.Doc 8.173 December 23,1995 l0:50:.t7 AM
INTERCONNECT NETI-¡ST CREATED B}' LST2NET.EXE
INPLTT FILES: WLKTST.NET. WI-KTSTI B.NET, \\¡ALK.NET OLrI'PL'T FILES: WALK.ITC

Nct wLR39
x197 0
Y196 I
End
Nct Wf,K55
x1?9 0
Y178 r
End
Net WLßO

,t2L4 0
Y2L3 I
End
Nct oP82
Y34 0
iII9 T
.ts3 I
End
Nct oP85
v11 0
J-22 I
J86 I
End
Nct oP81
Y52 0
.'18 r
J82 I
End
Nct oP80
Y?0 0
J-l? r
J81 I
End
Nct OP24
Y35 0
f25 I
End
Net OP?9
Y?s o
at16 r
JAO I
End
Net oP78
Y85 0
.tls r
r19 r
End
Net oP23
Y53 0
t24 r
End
Net oP22
Y71 0
r23 I
End

J87
End
Net
Y84
J2r
J85
End
Net
Y79
f22
End
Net
Y87
T2L
End
Net
Y94
J4
J6S
End
NeÈ
Y95
f20
End
Nct
Y101
J3
J61

f

oP84
o
I
I

Nct
Y86
J5
J69
End
Net
Y76
J23

oP68
o

I
I

oP8 6

I

OP2L
o
1.

oP20
o
I

oP67
o

I
I

oP19
o
I

oP66
o

I
I

End
Nct oPS4
vloz 0
I8? I
End
Net OP83
y92 0
J2O I
J84 f
End
Nct oP11
Y100 0
;fìt4 r
J?8 I
End
Net OP18
Y103 0
I19 I
End
Net OP1?
Y111 0
r18 I
End
Net oP53
Y110 0
186 I
End
Net oP65
Y109 0
J2r
J66 I
End
Net OP64
Y11? O



wnlK_r'rc.Doc 8473 December 23,1995 l0:50:.17 AM
INTERCONNECT NETLIST CREATED B\' I^ST2NET.EXE
INPLT FILES: WLKTST.NET, WLKTSTIB.NET, WALK,NET OUTPUT FILES: \\'T\LK'ITC

fl r
ar65 r
End
Nct OP52
Y118 0
IS5 I
End
Nct oP16
Y119 0
u7r
End
Net oP15
.rt27 0
116 f
End
Net OP51
tL26 0
I84 I
End
Nct oP63
vL25 0
196 I
End
Net oP?6
Í124 0
.I13 I
Ít7 r
End
Net oP75
vL32 0
JTz I
J''6 I
End
Net OP14
T135 0
I15 I
End
Nat OP50
vL34 0
I83 I
End
Net OP13
Y143 0
I].4 I
End
Net oPL2
Yt51 0
I13 I
End
Ì¡ct OP? 4

Y140 0
.tt1 r
.'75 r
End
¡¡et oP73
Y148 0
J1O I
J14 I
End
l¡ct oP4 9

vr42 0
Í.a2 r

End
Net OP11
Y169 0
ÍL2 I
End
Net oP10
Y18? O

I11 I
End
Nct oP48
Y150 0
r81 f
End
Net OP62
Y141 0
I95 I
End
Net OP46
Y1B6 O

I79 I
End
Nct OP4?
Y16S O

ISO I
End
Net OP61
Y149 0
I94 I
End
Nct oP9
Y205 0
I1O I
End
Net OP60
Y185 0
I93 I
End
Nct oP87
Y33 0
r24 r
J88 I
End
Nct OP25
Y16 0
f26 r
End
Net OPs9
Y184 0
t92 r
End
Net oP45
Y203 0
I?8 I
End
¡¡et oP88
Y49 0
J25 I
J89 I
End
ì¡et OP2?
v32 0
t2a r



\\'¡\r-K_trc.Doc 8"t73 December 23,1995 l0:-50:.17 AM
IN'IERCON¡{llcl' NEI'LIST CREATED BY LST2NET.EXE
INPUTFII.ES: WI-K-|ST.NET, WLKTSTIB.NET,WAI-K.NIrT OLTTPLTTFILES: WA.I-K.l'l'C

End
Nct oPSg
Y1S3 0
I91 I
End
Net OP44
Y202 0
T11 I
End
NeÈ oP26
Y15 0

I21 r
End
Nct oP29
Y31 O

r30 r
End
Net oP12
Y165 0
J9 I
r13 r
End
Net oP?1
Y164 0
J8 I
J12 I
End
Net oP90
Y48 0
J27 I
J91 I
End
Net oP2s
Y14 0
T29 I
End
Nct oPg
t222 0
19 I
End
Nct OP?

v22r o
I8 I
End
Nct oP30
Y13 0
I31 I
End
Net oP31
Y30 0
t32 r
End
¡¡et OPs7
vLg2 0
r90 I
EDd
l¡et OP43
Y201 0
T.16 I
End
Ìtet OP8 9

Y6? O

J'26 I
J9O I
End
Net OP91
Y66 0
JzA r
J92 I
End
Net oP6
Y220 0
11 r
End

Nct oPs
Y219 0
16 I
End
Nct oP32
YL2 O

165 I
End
Nct oP33
Y29 0
156 I
End
Net OP?0

Y163 0
Ítr
,t?1 r
End
Nct oP69
tL62 0
J6 I
J7O I
End
Nct oP34
Y11 0
16? I
End
Nct oP35
v2a o
168 I
End
Net oP42
Y200 0
I?5 I
End
Net OP4
v2r8 0
15 I
End
Net oP92
Y65 0
J29 I
J93 I
End
llet

J31
J95
End

oP94
o
I
I



\\'¡\t-K_lTC.Doc 8.173 December 23.1995 l0
INTERCONNECT NETLIST CRE,\TED B}- LST2NET.EXE
IN PUT FILIìS : wLK'l'S1'.N ET, WLKTST I B.NEÎ, WALK.NET

Nêt oP41
Y199 0
\74 r
End
Net OP3

Y2L1 O

r.4
End
Net
v46
ü30
J94
End
Nct

I

oP93
o
I
¡

oP3 6

Y10 0
169 I
End
Net OPs6
Y1S0 0
I89 I
End
Nct oP40
Y198 0
r?3 r
End
Net oP3g
Y9()
I71 I
End
Nct OP2
v2L6 0
13r
End
Nct OP1

Y2L5 O

f2r
End
Nct OP3?
Y21 0
I7O I
End
Nct oP95
Y45 0
J32 I
J96 I
End
Nct OP39
Y197 0
r.l2 r
End
Net OP55
Y1?9 0
I88 I
End
l¡et OPo
Y214 0
11 I
End

eof

50:.17 AM

OLITPLÌT FII-ES: WAI-K.lTC



wALK_coN.Doc 20765 December2S, 1995
NET CONNECTION NETLIST CREATED B\' NETzCON.EXE
INPUT FILE,S: W¡\LK.ITC OLTTPUT FILES: \VALK.CON

Net wLK82
Comcct Casc 1
oÀ2e30
FÀ 21 I
Endcomcct
EndNet
Nct WLK85
comcct Carc 1
GÀ2050
PÀ105t
Endcomcct
EndNet
Nct wLx81
comect Carc 1
oÀ2?50
FÀ 35 I
EndcoNcct
EndNct
NcÈ vlLK8o
Comect Casc 1
GA2610
FÀ 43 I
Endcomect
EndNct
Nct WLl(24
Comcct calc 1
G'À251C1010
FÀ 56 I
Endcomect
EndNet
Nct Î¡Ll(?9
Comect Care 1
GÀ2610
FÀ 51 I
Endcomect
EndNct
Nct w',X?8
conncct casc 1
€À2550
FÀ59 I
Endcomcct
EndNet
Net WLX23
Comect Calc 1
G¡'A 247 c 109 0
FÀ60 I
EndComect
EndNct
Net WLN22
comcct casc 1

A243C1170
FÀ64 I
Endcomect
EndNet
Net WLK6g
connect cagc 1
GÀ2770
F À 29 I
Endcomect
EndNet
Ite t fùrKg 6
Connect Cåsê 1

l0:48:54 AM

cÀ2130
FÀ 91 I
Endcomcct
EndNet
Net wLK84
comcct Case 1
GÀ19?O
FÀ113I
Endcomect
EndNet
Net nLK21
comcct casc 1

À236C93
FÀ68 I
Endcomcct
EndNct
Nct wLK20
comect case 1
c'A234C99
FÀ70 I
Endcomect
EndNet
Net WLK67
Comect Cace 1
GÀ2?3O
FÀ3?I
Endcomcct
EndNet
Net WLK19
Comect catc 1

À 230 C 107
FÀ?7 I
Endcomect
EndNet
Net ffiK66
coNect case 1
GÀ2650
FÀ45 I
Endconnect
EndNet
Nêt WLKs4
comect ca3c 1

GÀ2810
FÀ 33 I
Endcomect
EndNet
Net WLK83
comect case 1
GÀ1890
F À 121 I
EDdcomcct
EndNet
Net WLK??
comect case 1
cA2440
FÀ61 I
Endconnect
EndNet
Net ÍILK18
connect case 1

c'^226C111
FÀ81 I



wALK_coN.Doc 20165 December23,1995
NET CONNECTION NEl'l-lST CRE¡\TED BY NET2CON.EXE
INPLTT FILES: WAI-K.¡]'C OUTPLIT FILES: WALK.CON

Endconncct
EndNct
Nêt wLKLT
comect caac 1
6'^222C1190
FÀ85 I
EndComcot
EndNet
Net WLK53
comcct Carc 1
GA27lO
FÀ41 T

Endcomeot
EndNet
Net WLR65
Comect carc 1
6À2590
FÀ53 T
Endcomcct
EndNct
Nct WLK64
Comect calc 1
oA2520
f,À 61 r
Endcomcct
EndNet
Net wLX52
comcct ca3c 1
GÀ2690
FÀ 49 I
Endcomcct
EndNct
Nct wLK16
Comcct cate 1

^224C980PÀ80 I
Endcomect
EndNet
Net WLK15
comect cate 1

À218C1030
FÀ82T.
Endcomcct
EndÀlct
Net Wl,X51
comect casc 1
GA2640
FÀ 57 I
Endcomcct
EndNct
Net vlLK63
comect casc 1
GÀ2380
FÀ69 I
Endcomcct
EndNet
Net WLR76
couect case 1
GÀ2400
PÀ73Í
Endcomect
EndNet

l0:.18:54 AM

Net l{lK?S
comect Crtc 1
cÀ2390
FÀ?,¡I
EndcomccÈ
EndNct
Net I'ÌLK14
Comect Carc 1

A 220 c 108
FÀ88 I
Endcomect
EndNct
Net f{1K50
comect Casc 1
cÀ258(,
FÀ65 I
Endcomect
EndNet
Nct WlK13
comcct care 1
G'A214C115
FÀ90 I
Endcomcct
EndNct
Net Wl,K12
comcct Case 1

À 216 C L23
FÀ94Í
Endcomcct
EndNet
Nct WLK?4
comcct Case 1
GÀ2330
FÀ?8 I
Endcomcct
EndNct
Net wLK?3
Comect Case 1
cA2250
F À 89 I
Endcomcct
EndNct
Net. l'¡I,K49
comect case 1
cÀ2530
FÀ62 I
Endcomcct
EndNet
Net WLN1I
comect casc 1

^2L2C96FÀ96 I
Endcomcct
EndNet
ì¡et WLX1o
connect Case 1
c'À210C100
FÀ1OOI
Endcomect
EndNet



\\'Ar-K_coN.Doc 20765 December 23,1995 l0:.18:54 AM
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Net ÍlLK49
Comcct calc 1
GÀ2490
FÀ66 I
Endcomcct
EndNct
Net WLR62
connect Cace 1
GÀ24LO
FÀ?5 I
Endcomcct
EndNet
Net 9¡1,K46
comect catc 1
GÀ2320
FÀ83 I
Endcomect
EndNct
Nct !tLK4?
comect caac 1
GÀ2450
FÀ79 I
Endcomect
EndNet
Net WLK61
conncct case 1
GÀ235()
P^72î
Endcomcct
EndNct
Nct WLK9
comcct Case 1
c'A20ac,-o2
FÀIO2I
Endcomect
EndNct
Net 9¡I,K60
Comect Casc 1
GÀ2210
FÀ86 I
Endcomect
EndNct
Net !lLK8?
conncct casa 1
GÀ22LO
FÀ91 I
Endconncct
EndNct
Net 9tLK25
Connect Case 1
c'A246C950
FÀ58 I
Endconnect
EndNct
¡¡et wLRs9
connect case 1
GA2L9O
FA93T
EndcoDnect
End¡let

Net HT,K45
Comect calc 1
GÀ22SO
FÀ87 I
Endcomcct
EndNet
Net wLK88
Comcct Ca¡e 1
e42290
FÀ84 I
Endcomect
EndNet
Net Wf.K2?
comcct Carc 1
c,À254CL2L
FÀ54 I
Endcomect
EndNct
Nct HtK58
comect casc 1
o À 2t1 0
FÀ 99 I
EndcoDcct
End¡{et
Net tûK44
coucct Carc 1
6À2310
FÀ92 I
Endcomcct
EndNct
Net WLX26
comcct calc 1

^248C89FÀ52 I
Endcomcct
EndNet
Nct vlLK29
comect case 1
c'À260c105
FÀ 50 I
Endcomcct
EndNct
Nct WLK72
comect Case 1
GÀ21?O
FÀ95 I
EndComect
EndNct
Net WLK?1
Connccf Cas€ 1
cÀ2090
FÀ101I
Endconnect
EndNet
¡¡et I'¡trKgo
connect case 1
G42420
FÀ71 I
Endcomect
EndNet
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Net WLK28
Comect care 1

À256C113(
FÀ 4g 1
Endconncct
EndNet
N€t vlLxg
Comcct carc 1
G'À206C104(
FÀ104I
Endcomcct
EndNct
Net I.¡LK?
Comect casc 1
c'^202c106t
FÀ106I
Endcomcct
EndNet
Net rilx3o
coMact calc 1

A262C970
FÀ 46 I
Endcomect
EndNct
Nct WLK31
coDcct Calc 1

À266C910
FÀ 42 I
Endcomcot
EndNet
Net WLKS?
comect cale 1
GÀ2030
FÀ10?I
Endcomect
EndNct
Nct WLX43
comcct Case 1

cA2230
FÀ 98 I
Endcomcct
EndNet
Net WÍJK89

Comect case 1
GÀ23?O
FÀ76 I
Endcomect
EndNet
Nct WLK91
comcct case 1

GÀ2500
FÀ 63 I
Endconnect
EndNet
Net WLK6
connecÈ case 1
c'À204c110
FÀ110I
Endcomect
EndNet

llet I{LE5
comect case 1

À 200 c lL2
FÀ112I
Endcomcct
EndNct
Nct Wl,K32
Comcct case 1
c À 268 0
FÀ44 I
Endcomcct
EndNet
Net WLK33
comect case 1

GA2100
FÀ40 I
EndcomecÈ
EndNet
Net VíLK7o
comect case 1

GÀ2010
FÀ109I
Endcomect
EndNet
Nct wLK69
comect casc 1

cÀ1930
FÀ117I
Endcomcct
EndNct
Nct WLK34
comect Casc 1

GA2120
FÀ3gI
Endcoñcct
EndNct
Net wLR35
comect Case 1

eA2160
FÀ36 I
Endcomect
EndNct
Nct vlLK4z
Comcct Case 1

sÀ2150
FÀ1037
Endcomcct
EndNet
Net WLK4
conncct case 1

À 196 C 114
PÀ114I
Endcomect
EndNet
Net HLK92
Couect Case 1

GÀ25?O
FÀ 55 I
Endcomect
EndNet
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Net wLx94
comæt Cate 1
GÀ2?1O
FÀ 39 T
tndcomcct
Endl{ct
Net WLX41
Comcct Carc 1
GÀ20?O
FÀ108r
Endcomect
EndNet
Nct V¡IJK3

comcct catc 1
À198C1160

FÀ116I
Endcomcct
EndNet
Nct wLX93
comcct catc 1
GA2630
rÀ 47 r
Endcomcct
EndNct
Nct WLX36
comcct caJc 1
GÀ2780
EÀ 34 I
Endcomect
EndNct
Nct WLK56
Comect carc 1
cÀ1950
FÀ111r
Endcomect
EndNct
Net WLX40
comqct Casc 1
cÀ1990
FÀ115I
Endcomcct
EndNct
Net wLX3g
comcct casc 1
GA2g20
FÀ 32 I
Endcomect
EndNct
Nct W¡,K2
comect Case 1

À194C1180
EÀ118I
Endcomect
EndNet
Net WtKl.
Connect Ca3e 1

À188C1200
FÀL?OI
Endcomect
EndNct
ìIet 9lLR3?

l0:48:54 AM

CoMect Casc 1
cÀ2800
FÀ 30 I
Endcomcct
EndNet
Net wLR95
comcét cåtc 1
c^2190
FÀ31 I
Endcomcct
EndNet
Net 'f.¡1,K39
comcct casc 1
cÀ1920
FÀ123I
Endcomect
EndNet
Net vû,R55
comect casc 1
GÀ1910
FÀ119I
EndcoNect
EndNct
Net WLKO

comect Cala 1

À190CL220
FÀ1227
Endcomcct
EndNct
Nct oP82
comcct catc 49
882830
BB5 I
EndcoDact
comcct caJc 49
EB2g30
BBTTI
EndcoNcct
EndNct
Net OPS5
comect case 4 9

E82050
BBL2 I
Endcomcct
comect case 49
882050
BB318r
Endcomcct
EndNct
Net OPgl
Comect Case 4 9

E82750
BB2 I
Endcomect
connect Case 49
EB2?50
BB25 I
Endconnect
EndNet
Net oP80
connect Case 49
882610
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BB1 I
Endcomect
comcct casc 4 9
E82610
BB29Lf
Endcomect
EndNct
Nct oP24
comect Case 4?

8251C2670
Àc25Ir
Endconnect
EndNct
Net oP79
Comcct caee 49
EB26LO
BB317I
Endcomect
comect caac 49
E82670
BB299I
Endconnect
EndNct
Net oPTB
Comcct Case 49
s82550
BB314I
Endcomect
comcct cate 49
E82550
BB3O1I
Endcomect
EndNct
Net oP23
comect c¿tc 4?
E', B 24'l C 26t O

Àc247r
Endcomect
EndNet
Nct oP22
comect case 4?
È'8243C2550
Àc243r
Endcomect
EndNet
Net OP6B

Comcct case 49
EB2'11 0
BB292I
Endconnect
connect case 49
EE27'lO
BB319I
EndConnect
Endl¡et
Net OP86
Connect Case 49
EB2l30
B B 16 I
Endconnect
connect case 49
EE2r30

l0:48:54 AM

BB3O9I
Endcomect
EndNet
Net oPg4
Comect Case 4 9
EB19?O
BB1OI
EndComect
comcct casc 49
EB19?O
BB4 I
EndcoMcct
EndNcÈ
Nct oP21
comcct case 47

B 236 C 244
Àc236r
Endcomcct
EndNct
Nct oP20
Comect calc 4?

B 234 c 2't7
AC234r
Endcomcct
EndNct
Net OP6?
comect case 49
E82130
BB29OI
Endcomcct
comcct cale 49
E.A2730
BB3 I
Endcomcct
EndNct
Nct oP19
comcct care 4?

B 230 C 213
Àc230r
Endcomcct
EndNef
Net oP66
comect case 4 9

8,R2650
BB28gI
Endconncct
Comcct Casc /¡ 9

E B 265 0
BE9 I
Endconncct
EndNet
Nct oP54
connect case 45
EBzALO
Àc203r
Endcomect
EndNet
Net oP83
connect case 49
E B 189 0
886 I
Endcomect

(t
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comcct Casc 49
E B 189 0
BB11 I
EndComect
EndNet
Net oP77
comecÈ carc 49
E82440
BB313I
EndComcct
comect cas€ 4 9
E82440
BB316t
Endcomect
EndNet
Net OP18
CoMcct Case 47
E',8226c2650
Àc226I
Endcomact
EndNet
Net oPl?
Comect Carê 47

8222c2590
AC222r
Endcomcct
EndNet
Nct OP53
Comect Caac 45
E82140
Àc27LI
Endcomcct
EndNet
Nct oP65
Comect Cale 4 9
E82590
BB2A4I
EndComect
Connect Case 49
E82590
BB15 I
Endcomect
EndNct
NcÈ oP54
conncct case 49
E82520
882A6I
Endcomect
Connect Casc 49
E82520
BB23 I
Endcohect
Endlilet
Net oP52
Comect Case 45
E82690
Àc2L9r
EndconnecÈ
EndNet
Net oP16
Connect Case 47

l0:,18:54 AM

E'8224C252

^c224IEndconnect
EndNct
Net oP15
Comcct Case 4?
E'8218C281
Àc218I
Endcomect
EndNct
Net oP51
Comect Casc 45
E82640

^c227rEndcomcct
EndNet
Nêt oP63
Comect Case 45
EB23Ao
ÀcL92r
Endcomcct
EndNet
Nct OP76
Comcct Case 49
882400
BB31OI
Endcomcct
Comcct Case 49
E.82400
BBOI
Endcomcct
EndNct
Nct oP?s
Comcct Caac 49
E82390
B B 306 I
EndComect
Camect Case 4 9
E82390
BB1 T.

Endcomect
EndNet
Net OP14
Comect Case 4?

B 220 C 2't4
Àc220r
Endcomect
EndNet
Nct oPSO
Comect Case 45
E82580
Àc235r
EndComect
EndNct
Net oP13
Comect case 4?

B 2L4 C 269
Àc2L4r
Endcomect
EndNet
Net oP12
Connect Case 47
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E'82L6C2640
Àc2L6t
Endconncct
EndNct
Net OP?4
comcct Ca¡e 49
E82330
883021
Endcomcct
comcct cale 49
882330
BB13f
Endcomcct
EndNct
Net OP?3
Comect care 49
882250
BB3O4I
gndcomect
Comcct care 49
E82250
BB19 I
Endcomcct
EndNet
Nct oP49
comect Carc 45
882530
Àc24Lr
EndcoMcct
EndNct
Net oP11
comcêt carc 47

B2r2C25AO
Àc2L2I
EndComect
EndNct
Nct OP10
Comcct Casc 47
E'8210C282()
Àc2L0I
Endcomect
EDdNct
Nct oP48
comect Calc4¡5
Þ82490
Àc238r
Endcomcct
EndNct
Nct oP62
comect casc 45
EB24LO
Àc199r
EndcomccÈ
EndNet
ÌIet oP46
connect case 45
EB?32O
Àc242r
EndConnect
EndNet
Net oPA?
conDect case 45

l0:48:5.1AM

E82450
À c 240 I
Endcomect
EndNet
Net oP61
Comcct Case 45
882350
Àc 20't I
Endcomcct
EndNeÈ
NeÈ oP9
comcct calc 4t
E'8208C274
Àc20ar
Endcomect
EndNet
Nct OP60
comect CaJc 45
E82270
Àc215r
Endcomcct
EndNeÈ
Nct OP87
comect caec 49
EB22LO
BB1SI
Endcomcct
coucct cale 49
EB22lO
BB3O1I
Endcomect
EndNct
Nct oP25
comcct casc {?
E',8246C275
Àc246r
Endcomcct
EndNct
N€t OP59
comect ca3e 45
EB2T9O
Àc223r
Endcomect
EndNet
Net oP45
comcct case 45
EB22SO
À c 193 r
Endconnect
EndNet
Net oP88
connect Casc 49
E82290
BB2OI
Endcomect
comect Case 4 9
E82290
BB293I
Endconnect
EndNeÈ
l¡et oP2?
Connect Case ,lJ
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E'8254C250
Àc254r
Endcomect
EndNct
Nct oP58
comcct Case 45
EB2LIO
AC23tr
Endcomcct
EndNct
Nct oP44
comcct casc 45
EB2TLO
Àc20Lr
EndcoNect
EndNct
Net oP25
Comect case 4?
E'8248c293
Àc24Ar
Endcomcct
EndNct
Nct oP29
comcct caec 4?
E,8260C263
Àc249r
Endcoüect
EndNct
Nct oP?2
comcct care 4 9
EB2L1O
BB29gI
Endconncct
Comcct casc 49
EB2L'IO
BB2B1I
Endconnect
EndNet
Net oP?1
Conncct case 49
E82090
BB3OOI
Endconnect
Comect Casc 4 9
E82090
BB295r
Endconncct
EndNct
Net oP90
comect casc 4 9

E82420
BB22 I
Endconnect
Connect case 49
E82420
B926 I
Endconnect
EndNet
Net oP28
Comect Case 47

B 256 C 257
Àc253I

Endcomcct
EndNct
Net oPg
comect case 47
E'8206C280
Àc206t
Endcomcct
EndNet
Nct OP?
comcct casc 47

B 202 c 276

^c202fEndcomect
EndNet
Net oP30
Comcct Case 4?
E'8262C2'tL
AC245I
Endcomcct
Endl¡et
Nct oP31
Comcct Catc 4?
E'8266C279
AC232r
Endcomcct
EndNct
Net oP5?
comcct catc 45
882030
AC22Ar
EndcoMcct
EndNet
Net oP43
comcct caac 45
E82230
Àc209r
Endcomect
EndNe t
Net oPg9
comect case 49
E82310
BB24 I
Endcomcct
comect Case 49
882310
BB2g5I
Endcomect
EndNct
Net OP91
Comect case 19
E82500
B B 28 I
EndcoNect
comect case 49
EB2SOO
BE2L I
Endcomect
EndNet
Net OP6
Comect case 417

E'8204C212
Àc204r
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Endcomcct
EndNct
Net oPs
comcct carc 47
E'8200C2100
Àc200r
Endcomcct
EndNct
Net OP32
Comcct Catc 45
EB26gO
AC237I
Endcomect
EndNct
Nct oP33
comcct catc 45
E82100
Àc229r
Endcomcct
EndNcÈ
Net oP70
comcct calc 49
EB¿OLO
BB294I
Endcomcct
coucct casc 49
EB20lo
BB3O3I
Endcomcct
EndNet
Net oP69
comect catc 4 9
881930
BB296I
Endcomect
comcct case 49
E81930
aB311r
Endcomect
EndNet
Net OP34
comcct casc 45
E82120
Àc22rr
Endcomect
End¡¡ct
Net oP35
comect casc 45
E B 276 0
Àc2L3r
Endcomect
EndNct
Net OP42
connect Case 45
EB2T5O
Àc2L7r.
Endcouect
EndNet
Net OP4
connect Case 47

B196C268O
Àc196r

l0:.t8:54 AM

EndComect
EndNet
Nct oP92
Comect Cace 49
882570
BB2g9I
Endcoücct
comcct catc 49
F.R2510
BB14 I
Endcomcct
EndNct
Nct oP94
comcct Case 49
EB27LO
BB3O5I
Endcomcct
comcct case 49
EB21lO
BB315I
Endcomcct
EndNet
NcÈ oP41
comcct case 45
882010
Àc225r
Endcomcct
EndNct
Nct oP3
Comcct Catc ,¡7

z'8198c266
Àc198r
EndcoNcct
EndNct
Net oP93
comect casc 49
882630
B B 29? I
Endcomcct
Comcct Case 4 9

E 82630
BBSI
EndcomccÈ
EndNct
Net oP36
comccÈ case 45
E82800
AC205r
Endcomcct
EndNct
Net oP56
comect case 45
E81950
Àc191r
EndcoMect
EndNet
Net OP40
comect case 45
E81990
Àc233r
Endcomect
EndNet

l0
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Net oPtg
cônnoot ëasc ¡Û5

lB2s20
A c 189 I
Endcomcoü
EndNet
NcÈ OP2

comect câtc 47
E, B 1.94 C 262
AC191lI
Endcohnect
Étr¿¡,tet
Nèt oPl
Comect caac 47
E,8198C260
Àc1B8f
Endcomcct
EndNe t
N€t oP3?
comêct Ca¡e 45
EB27gO
ÀcL911
Endcomcct
EndNet
Net oP95
comect care 49
882190
BB3O8I
Endcomcct
comcct cate 49
E82190
BB3L2I
EndcoNcct
EndNct
Nct OP39
comcct case 45
EBL92O
Àc239r
Endcomcct
EndNet
Nct oP55
comcct casc 45
E81910
Àc195r
EndComect
EndNet
Net oPo
conncct Casc 47
E'8190C256
À c 190 r
Endconnect
EndNct
eof

lt
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Net WLK82
Comect
À Portmp 283 WLX82_G0 [rSEl' IN¡
À Portmp 2', wLKgz_Fo [FsElF OPI

Endcomcct
EndNet
Nct WLXSs
comect
À Portmp 205 WLK85_G1 [FSgIt INI
À Poltmp 105 WLxgs_F1 IFSEI' oPl
Endcomcct
EndNet
Net WLK81
connect
À Port¡Þp 2?5 WLK81_G2 ÍFSEIF INI
À Portml' 35 WLK81_F2 IFSEIF oPl
Endcomcct
EndNet
Nct WLK80
comcct
À Portmp 26', vrlr(90_G3 IFSEI| INI
À Portmp 43 ?iLK80_F3 IFSEIIF oPI
Endcomcct
EndNet
Net WLX24
comcct
À PortmP 25L WLE24_G4 IESEIF INI
À Portml) 56 wlK24_F4 frSE¿- OP¡
Endcomcct
EndNct
Nct wLK?g
Comcct
À Portml) 261 ?iLX?9_G5 IFSEL INI
À Portml) 51 WLK79_F5 ITSEIF oPl
Endcomcct
EndNet
Nct WLR?8
comcct
À Portml) 255 wLK?g_G6 IFSEIF IN]
À Poltmp 59 !|LK?8_F6 IESEL- oPl
Endcomcct
EndNet
Net WLK23
comcct
À Portmp 247 vÍ'ß23_G1 ÍFSEI¡- INI
À Portmp 60 WLK23_F? IFSBIF oP]
Endcomect
EndNet
Net wLX22
connect
À Poltftp 243 wI'É22_Gg IFSEIF IN]
À Portmp 64 vILE22_EB (ESEIF oPl
Endcomect
EndNet
Net WLK68
comect
À Po¡tmp 211 wLK68_69 IFSEIF IN]
À Port¡Ep 29 vlLK68_F9 IFSEL= OP]
Endcomect
EndNet
l¡et WI,K8 6
connect

À Portmp
A PortJBÞ
Endcomect
EndNct
Nct WLX84
comcct
À Portmp
Ä. PortEp
Endcomcct
EndNet
Net lctK21
comcct
À Portmp
À Poltmp
Endcamcct
EndNct
Nct WLK20
comcct
À Portmp
À Portmp
Endcomcct
EndNct
Nct $f,X6?
comcct
À Poltmp
À Port$Þ
Endcomcct
EndNet
Net WLK19
comect
À Portmp
À Portmp
Endcomcct
EndNet
Nct WLX56
comect
À Port.ßP
À Port¡Ep
EndcoMect
EndNet
Nct WLX54
comcct
À Port¡Ep
À Portmp
Endcomect
EndNct
Net wLK83
comect
À Portmp
À Portmp
Endcomcct
EndNet
Net r'lT,K??

comect
A Portmp
À Port.mp
Endcamect
EndNet
Net WLK18
omect
À Port.mp
A Portmp

213
9?

w1,R8 6_G10
wLKs6 E10

19? m,K84_C11
113 Ì,t1,K84_F11

236 lrLX2r_GL2
68 WLR21_F12

234 Hr,K20_G13
?0 WLK20_F13

2?3 WLK6?_G14
37 Í{LK67_F14

230 wLK].9_G15
?? wLK19_F15

265 Wr,K66_G16
4 5 !{LK66_F16

281 w',t$4_G1?
33 WLKs4_F1?

189 WLK83_G18
121 WLK83_F18

244 WLF'11_G]^g
6? r.tLK?7_F19

226 WLß3-B_G20
81 WLKI.S_F20

lFsErr INI
IESEIF oP¡

[FsErF INI
IFSEIÊ OF¡

IFSEIF INI
IFSEIF oPI

IFSEIF INI
frsEIF oPl

ItrSEIF INI
IFSEL- oP¡

IFSEll INI
IFSEIÊ OP]

lrSEIr INI
IFSEIÈ OP¡

[FsEIr IN]
IFSEIF oPl

ÍFSEIF IN¡
IFSEL- oP]

IFSEIF IN]
IFSEIF oP]

IFSEIF IN!
IFSEIF oP]
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tñdeôñnëôt
EndNet
Net $LKl?
Comcct
À Portråp 222 WLRrl_ø2l tFsCIF lNl
Â PortGÞ 85 WLRI?_F21 fFsEiIÊ oPl
End.Comect
EndNet
Net $1,R53
comåct
Â Portmp 274 fr'"l\83_ë22 IFSÊL rN,
À Portmp ¡¡1 !{tx53_F22 [fSErF oPl
EndComect
EndNet
Nct wLK65
Comect
À PortmÞ 259 !{Ll(65_c23 ÍFSEIF INI
À nortmp 53 WLK65_F23 IFSE:IF oP¡
Endcome ct
EndNct
Nct vlLK64
comcct
À Portmp 252 WLr.64_G24 [FsEIr Iñl
À Portmp 61 WLK64_F24 [FsEiIF oPI
Endcome ct
EndNct
Nct WLx52
Comqct
À PortmÞ 269 WLÉ52_G25 IFSEIF IN¡
À Portmp 49 WLK52 F25 [FsEl- oPl
Endcomect
EndNet
Nct WLx16
Comect
À Poltmp 224 WLR16_C26 IFSEIF IN]
À Polt.mp 80 WLR16_F26 IFSEIF oPl
Endcomcct
EndNct
Net WLK15
comcct
À Portmp 218 WLK15_G2? IFSEjIF IN]
À Portmp 82 WLK15_F27 IFSEL- oP]
Endcomcct
EndNet
Net WLK51
comcct
À Portmp 264 !{LK51_G2S [FsEIt IN]
À Portmp 5? WI¡K51_E2B [FsE:lF oPl
Endconnect
EndNet
Net f"LK63
connect
À Poltmp 238 WLR63_G29 [FsElF IN]
À Portmp 69 !'¡I,K63_F29 IFSEL- oÞ]
Endcomcct
EndNet
¡¡et WLRT 6
conncct
À Portmp 240 WLK?6_G30 IFSEL= I¡¡]
À PortmÞ 73 WLK?6_F30 IFSEL= oP]
Endconnect
EndNet

Net Î'¡t R? 5
comect
À PortfiaÞ
Â Poftmp
Endcomccf
EndNct
Net WLx14
comcct
À Portmp
À Portmp
Endcomect
EndNet
Net 9lLK50
Comect
À Portßp
À Portmp
Éndcomcct
EndNêt
Net wLK13
comcct
À PortmP
A Portmp
EndcoMcct
EndNet
Net wtKl2
comcct
À Portmp
À Poltmp
EndcomccÈ
EndNet
Nct wLK?4
comect
À Þortmp
À Portmp
EndComect
EndNet
Nct wLK73
comect
À Portmp
À Por t¡Ep
Endcomect
EndNet
Net WLKA9
comect
À PortJEp
À Portmp
EndComect
EndNet
Net WLK11
Comect
À Portmp
À Portmp
Endconnect
EndNet
Net wlKl-o
connect
À Portmp
À Port.Gtrr
Endconnect
EndNet
¡¡et WLK48
Connect

2 3 9 t{t r(? 5_O3 1
?4 Ì{r,R?5_F31

220 WLFJ4_G32
IMr,K14_F32

258 !,¡1K50_G33
65 1,tr,K50_F33

214 Wr,Kt3_G34
90 mKl3_F34

216 !|LX12_C35
94 WLK12_F35

233 W!'K?4_G36
78 WLX?4_F36

225 I.Í,K?3_G3?
s9 WLK73_F37

253 WtK{9_G38
62 WLK49_F38

212 WLK11_G39
96 ffiK11_F39

tf,strIr INI
lFsElF oP¡

IFSEIÊ INI
[tsEIF oPl

[FsEIr INI
lFsEIl oP¡

[PsEIr llll
[FsE¡r oPI

[rsEIF INI
lrsEIF oP¡

If,SEIF Iñl
[FsEh oPI

[rsE[l rN¡
IFSEL oPl

[FsEh rNl
[FstIF oP¡

IFSEIF INI
IESEIF oP¡

210 WLK10_G40 IFSEIF IN]
100 WLK1o F40 IFSEIF OP]
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!l Portrmp 249 W!,X48-G41 IFSEL- IN¡
À Portmp 66 9ILK48-F1¡1 [l'sEilF oP¡
EndConneot
EndNct
Nct wI,K62
comcct
À PortmP 24L llLÃ62-G42 [FSrr.' lNl
¡, Poltmp 15 Vn'R62-î42 [8sEh oPl
tndcomeot
EndNet
Net I{1,K46
Comcct
À Port¡EP 232 wLß46-G43 IFSE¡F rNl
A PortmÞ 83 WLK46-F43 IFSEIF oPl
Endcomect
EndNet
Net VÍLK4?
Comect
À PortÍÊP 245 WLß'41-G44 [FsElF INI
À Portmp ?9 WLK4?-F44 IFSEIF oP¡

Endcomect
EndNct
Net wlx61
Comcct
À Port&p 235 f{LK61-G45 [FsEIt IN]
À PortmP 72 WLK61-F45 IFSEIF oPl
Endcomcct
EndNct
Net WLRg
Comcct
å, PoltmP 2Og wl,t(9-646 [fsEIF IN]
À Polt¡Ép LOz WLK9-F46 [fsEL- oP¡
Endcomcct
EndNct
Nct wl,K60
comcct
À Port¡Bp 227 wLß6O-c4? [FsE:It INI
À Portmp 86 wfK6O-F4? IFSEI' oP]
Endcomcct
EndNct
Nct W¡,R8?
Coücct
À Portmp 221 WLß81-G48 IFSE]IF INI
À Pottmp 91 ÍiLKE?-FA8 [FSEr,= oP]
Endcomcct
EndNet
Net wLK25
CoNcct
À Port¡rBp 246 WLF25-G49 IFSEIF lN¡
À Portmp 58 wf,K25-F49 IFSEIF oPl
Endcomcct
EndNet
Nct W1,K59
comcct
À Portmal) 219 rlLK59-G50 IFSEL- rN]
À Poltmp 93 WLK59-F50 [PsEl- oP] .

Endcomect
EndNet
Net WLK45
comect
À Port.ml) 229 WLK45-G51 IFSEL= IN]
À Portmp 8? l.trK45_F51 IFSEIF OP]

Endcomcct
EndNet
Net wLl(8g
comect
À Portmp
À PoEtmp
EndcoMect
EndNaÈ
Nct HLX2?
comæt
À Portmp
À Portmp
Endcomcct
EndNet
Net WLK58
comêct
A Portmp
À Portmp
Endcomect
EndNet
Nct liLK44
comcct
À Portmp
À Poltmp
Endcomect
EndNet
Nct !'¡f,f26
Couect
À Poltmp
À Portmp
Endcomcct
EndNct
Net 9lLK29
comcct
Â Portmp
À Portmp
Endcomcct
EndNct
Nct WLK72
comect
À Portmp
À Portnp
Endcomcct
EndNeÈ
Net W!,K?1
comect
À Portmp
À Port¡Ep
EndcoDcct
EndNct
Nct WLK90
couect
À Portmp
À Portmp
Endcomect
EndNet
Net !lLK28
coMêct
À Port¡Ét,
À Portmp
Endcomect
EndNêt

229 WLKSS_cs2
s4 wLKeS_F52

254 WLX2?_G53
54 t{LK2?_F53

211 WLK58_G54
99 wI,K58 F54

IFSEL ¡N¡
lFSEL oPl

[EsEh f¡u
[EsEIl oP¡

[rsEL fNl
[FSEilF oP¡

lrslÍF INI
IrsEL oPl

231 !ÛX44_G55
92 WLK44 F55

2¿8 
'rLK26_c5652 V|LX26_F56

260 Wr,K29_C5?
50 wl,x29_F57

21? WLK72_O58
95 WLK?2_F58

209 WLK?1_G59
101 !fr,K?1_F5 9

242 WLK90_G60
71 WLK90 E50

[rsEh r¡¡¡
IFSEIT OPI

[FsEIr IN¡
IESEL oPI

[rsEll ÎN]
IFSEL oPI

[FsfI- Ir¡l
IFSEIF OPI

(EsEr- INI
IFSEIF oPI

256 wLK28_G61 IFSEIF IN]
48 WLK28 F61 TFSEIF OPI
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Nct $f,NB
comcct
À PortmÞ 206 $T,KS-G62 [rSÉF INI
À Portftp 104 WLKS-F62 [FsE:tÆ oP]
Endcomect
EndNet
Nct WLx?
comcct
À Poltmp 202 f{LK?-c63 IFSEIF INI
A, PortmP 106 WLK?-F63 IFSEL' oP]
Endcomcct
EndNct
Nct I'll,X3o
coñ€ct
À PortmP 262 WLK30-O64 IFSELg INI
À PortmÞ 46 wLK30-F6¡l IFSEIF oP]
Endcomect
EndNct
Net I{1K31
comcct
À Portmp 266 fiLK31-o65 I¡'SEIF IN¡
À PoltmP 42 WLK31-F65 IFSEL! oP]
Endcamect
EndNet
Nct WLKs?
Comect
À Portmp 203 WLK57-G66 IFSEIÊ INI
À Portmp 10? WLK57-F66 IFSE]IF OPI

EndComect
EndNct
Net wLX43
Comect
À PortmP 223 WLK43-G67 IFSEIF IN¡
À Portmp 98 wLK43-F6? IESEIF oP]
Endcomcct
EndNet
Net wl,x89
comcct
À Portmp 23? HT,K89-668 IFSEIF INI
À Poltmp ?6 I'¡1,K89-F6S IFSE:IF OPI

Endcomcct
EndNct
Net WLX91
comect
À Portmp 250 WLK91-G59 [FsE:fF ¡N]
I Portmp 63 WLK91-F69 IFSEIF OP]

Endcomcct
EndNct
Net WLX6
Comect
À Portmp 204 WLK6-G70 ÍPSEIF lNl
A Portmp 110 V¡LK6-F?0 IFSEL= OP¡

EndComcct
EndNet
Nct WLK5
comcct
À Poltmp 2OO WLKS-G?1 ÍFSEIF fNl
À Portmp 112 WLK5-F71 [FsElF oP]
Endcomect
EndNet
l¡et WLK32
conncct

À Portmp 268 wI'ß32-G12 IFSEIF lN¡
A Portmp 44 l,¡''xi2-r.12 IFSEIF oP¡

Endcomect
EndNet
Net wLK33
coNcct
À Poltmp 2?O I{LX33-G?3 IFSEIË IN]
À Portmp 40 wLx33-E?3 IFSEIF oP]
Endcomect
EndNet
Nct f'úK70
Comect
À Portmp 201 WLK?O-G?4 IFSEIF IN]
À Po¡tmp 109 WLK?0-F?  IFSEIF oP¡

EndComect
EndNct
Net vlLK69
coNcct
À Portmp 193 WÍ,K69-G75 ITSEIF INI
À PortmI) 11? WLK69-F75 [Estll oP¡

EndComect
EndNet
Net I'tlK34
comect
À Portrap 272 WLK34-G16 (FSEI' IN¡
À Portmp 38 WLX34-F?6 IFSEIF OPI

Endcomcct
EndNet
Net 9lLK35
comect
À Portmp 2?6 !lLx35-G?? IFSEIT INI
À PortsP 36 WLK35-F7? IFSEIIF OP¡

Endcomect
EndNet
Net WLK4I2

comcct
À PoEtmp 215 WLK42-G?8 l¡sEih INI
À Portmp 103 WLK42-F78 [FsEIt oP¡

Endcomect
EndNc t
Nct HLK{
comecL
À Portmp 196 WI,K4-G?9 lrsEl,- IN¡
À Portmp 114 W!KA-F?9 IFSEL- OPI

Endcomcct
EndNet
Net wLX92
comcct
À Port¡€P 257 WLK92-G80 IFSEIF INI
A PortmP 55 WLK92-F80 IFSEIF oP]
Endcomcct
EndNeÈ
Net WLK94
couect
À Portmp 2?1 WLK94-G81 IFSEIF INI
À Poltmp 39 WLK94-F81 IFSEIF OP¡

Endcomect
EndNet
Net fiLK41
comect
À Port.MP 207 WLK41-G82 [FSBrt INI
À Portsp 1Og wLK41-882 IPSEIF oP]
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Endcomcct
EndNêt
Net Wtß3
Comect
À Portmp 198 9lf,x3_683 [FsEll IN!
À Portmp 116 !lf.K3_F83 IFSEIF oP¡
Endcomcct
Endñct
Nct WLR93
Comcct
À Portmp 263 WLR93_C84 IFSEL¡ IN¡
À Portmp 41 WLK93_F84 IFSEL- oP]
Endcomcct
EndNct
Nct WLß36
Comcct
Â Portml' 27s fiLK36_c85 IFSEIF IN]
À Portmp 34 l{Llç36_F85 ÍFSEIF oP¡
EndcoMcct
EndN€t
Nct WLX56
comect
À Portmp 195 !.EK56_CS6 IFSEL= INI
À Port]Ep 111 wLr€6_FS6 IFSEIF oP]
Endcomcct
EndNct
Nct WLX40
comccÈ
À Portmp 199 !{LK40_G87 IFSEIF IN]
À Poltmp 115 WLK40_FS7 IFSEIF oPl
Endcomcct
EndNet
Nct wLX38
comqot
À Portmp 292 m,l(38_G8S IFSEIF IN]
À Portmp 32 YILK38_F88 IFSEL- oP¡
Endcomcct
EnANct
Net WLK2
coMect
À Portmp 194 Wf,l(2_GSg [FsElt IN]
À Po¡tmp 118 v¡Ll(2_F89 [FsElP oP]
Endcômcct
EndNet
Net WLKI'
Comect
À Port.mp 188 9l1,Kl_G90 IFSEIF IN¡
À Portmp !2O wLKl._Fgo IFSEIF oP]
Endconnect
EndNet
Net WLK3?
Connect
À Portmp 2S0 EÍ,K3?_G91 IFSEIF IN]
À Port.ep 30 wrK3?_F91 IFSEL= oPl
Endconnect
EndNct
Net WLK95
comect
À Port.mp 279 vtLK95_G92 IFSEL= IN]
À Portmp 31 EK95_F92 IFSEIF oP]
Endconncct
EndNet

llet l^1LK3 9
comcct
A Portmp
À Portmp
EndComect.
EndNct
Net WLK55
comect
À Portrup
À Portmp
Endcomcct
EndNet
Net l'¡LKo
comcct
Â Portmp
À Portmp
Endcomect
EndNcÈ
Net oPg2
Comect
B Port.Gp
B Portmp
EndcoMcct
comcct
g Port&p
B Portßp
EndcoNect
EndNct
Nct oP85
comcct
B Portmp
B Portmp
Endcomect
comect
B Portmp
B Portmp
Endcoucct
EndNct
Nct oPgl
comcct
B Portmp
B PortmP
Endcomect
comcct
B Port&P
B Portmp
Endconnect
EndNet
Nct oP80
camect
B Portmp
B PortRp
Endcomect
connect
B Port.mp
B Polt$p
Endconncct
EndNet
Net oP24
comect
c Port&I)
C Portmp

192 Wxx39_G93 [fSlr- INI
123 WLK39_F93 IFSEI| OPI

191 wLR55_694 lrsErr llll
119 wLK55-894 [rSEIr oPl

190 WLX0_G95 IFSEL INI
122 WLK0_F95 IFSEL OPI

283 oP82_E0 lFsgrt INI
5 oP82 B0 [EsEIr oPl

283 oP82_E0 IFSEIF IN¡
L'' oPS2_80 IFSEIT OP¡

205 0P85_E1
t2 0P85_81

205 oP85_E1 IFSEIF IN]
318 oP85_81 IFSEIF oP¡

215 OPST E2 IFSEh IN¡
2 oPAL R2 IFSEII OPI

215 oP81_E2 IFSEIT IN]
25 oPBl_Bz IFSEIF oP¡

261 oP80_E3 IFSEI| rN]
1 oPg0_83 [FsElIr oPI

261 oP80 E3 IFSEIF rN]
297 oPs0_83 (FSEIF OP¡

261 OP24_E'4 IFSEIF IN]
251 oP24 À0 IFSEIF oP]

lrslfr IN¡
IFSEIF oPI
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Endcomcct.
EndNet
Net OP?9
comèct
B Poltmp 26L oP?9_E5 IFSEIF IN]
B Portmp 3I1 oP79_84 IFSEIF oPl
Endcomcct
comect
B Portmp 26L oP?9_E5 [FsEIt INI
B Portmp 299 oP79_84 [FsEIl oPI
Endcomcct
EndNet
Nct oP?8
comect
B Portmp 255 OP?8_E6 IFSEIF IN]
B Poltmp 314 OP?8_85 IFSEL OPI

Endcomcct
comcct
B Portmp 255 oP78_E6 ÍTSEIF INI
B Portmp 30? oP78_85 IFSEIF oPl
Endcomcct
EndNct
Nct OP23
comcct
C Portmp 26L oPz3-Z"l IFSEIF INt
c Portmp 241 oP23_À1 IFSEIF oP]
Endcomcct
EndNct
Net OP22
comect
C Poltmp 255 oP22_E'8 IFSEI' IN]
C Port.mp 243 OP22_M IFSE:ÍF OPI

EndcoMcqt
EndNct
Nct oP68
comcct
B Portmp 211 oP68 E9 IFSEIF IN¡
B Portmp 292 oP68-86 IFSEIF oP]
Endcomcct
comêct
B Portmp 217 oP68_89 IFSEIF IN]
B Portmp 319 oP68_86 f FsEtF oPl
Endcomcct
EndNct
Net oP86
Comect
B Portmp 2L3 oPg6_E10 IFSEIF IN]
E Poltmp 16 OP86_B? IFSEIF OP]

Endconncct
connect
B Portmp 2L3 oP86-E10 IFSEIF IN]
B Portmp 309 oP86-B? [FsEf.F oP]
Endconnect
EndNet
Net oPg4
connect
E Portmp 19? oP84-E11 ÍFSEIF INI
B Portmp 10 OPS4-B8 IFSEIF OPI

Eudcomect
conncct
B Port&Þ 197 oP84_E11 IFSEIF IN]
B Portmp 4 oP84_BB IFSEIF OP]

Endcomect
EndNct
Net oP2L
comcct
c Portmp 244 oP27 E'LZ [FSEIF INI
c Poltmp 236 OP21_À3 IFSEL oP]
Endcomcct
EndNct
Net OP20
Comect
c Port$p 211 oP20 E'13 [rsEIÊ INI
C Portmp 234 oP20_À4 IFSEIF oPl
Endcomect
EndNet
Net oP67
comect
B Portmp 213 oP67 E14 [FsElf IN¡
B Portmp 290 OP67_89 [FSl¡- OP¡

Endcomcct
comcct
B Portmp 273 OP6?_E14 llslft Ît¡¡
B Portmp 3 oP6?_B9 IFSEI¡ OPI
Endcomect
EndNct
Net oP19
comcct
C Portmp 2'1! OP19_E'15 [fSfIÊ IN]
c Portmp 230 oP19_À5 [FslIF oPl
Endcomcct
EndNct
Nct OP66
Comect
B Polt&p 265 oP66_E16 IÍSEL IN]
B Port&p 288 oP66_810 [EsErF oPl
Endcomcct
comcct
B Portmp 265 oP66_E16 lfstlr fN¡
B PortEÞ 9 oP56_810 [FsElF oP¡
Endcomect
EndNet
Net OP54
comcct
B Portmp 2gl oP54_E1? IISEIF IN¡
B Poltmp 186 OP54_M0 IESEIF OPI

c Portmp 296 oP54_M0 [FsEfF fNl
c Po¡t$p 203 oP54_À6 IESEIF oP¡
Endcomect
EndNet
Nct oP83
comect
B Portmp 189 OP83_E18 IFSEIF INI
B Polt.mp 6 oP83_811 IFSEL- oP¡
Endconnect
comect
B Portep 189 oP83_E18 IFSE:IF IN¡
B PoEtMp 11 oP83_811 [FsE:tF oP]
Endcomcct
EndNet
Net oP'?1
Comect
B Portmp 244 oP?7 E19 IFSE:IF IN¡
B Portmp 313 oP7?_812 IFSEIF oP]
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Endcomcct
comcct
B PortrÉp 214 oP71-ãL9 [rsEIF INI
B Portmp 316 oP77-B12 [FSE'L* oP]
Endconncat
EndNet
Nct OP18
comest
C Portmp 265 OP18-E'20 ÍFSEIF INI
C PortrÉp 226 oP18-À? IFSEIF OPI

Endcomcct
EndNet
Net oP1?
comect
c PortmP 259 oPL'l E'zL IFSELÉ IN]
c Portmp 222 oPl?-ÀS fFSEL oPI
Endcomcct
EndNct
Nct oP53
Comcct
B Portmp 274 oP53-È22 IFSEIF IN]
B Portmp 1S4 oP53-M1 IFSEIF oP]
c Portmp 2e4 oP53l-t1 IFSEIF INI
C PoEtßp 2LL oP53-À9 IFSEIÊ OPI

EndComect
EndNct
N€t oP65
comect
B Poltmp 2Sg OP65 q-23 tFsE¡t IN¡
B PortmP 284 oP65-813 IFSEIÊ oP¡
Endcomcct
comcct
B PoltmP 259 oP65-823 [FsEfF INI
B Portmp 15 oP65-813 IFSEIF oP¡
Endcomcct
EndNct
Nct oP6/¡
Comact
B PoltmP 252 OP64 E24 [FSEIF rNl
B Port]Ep 2SG OP64-814 IFSEIF oP]
Endcomcct
comcct
B Port.mP 252 OP64-E24 [FSEIF INI
B Portmp 23 oP64-814 IFSEIF oP¡
EndcoMect
EndNct
Nct OP52
coNect
B Portmp 269 oP52_E'25 IFSEL- IN]
B Portml) LA2 o952-l'f2. fFSEIP OPI

C Port.mp 2gA OP52_VP. IFSEÞ INI
C Port&p 2L9 OP52-À10 IFSEIF oP]
Endconnect
EndNet
ì¡et OPX6
comect
c Portmp 252 oP16_E'26 IPSEIF fNl
C Portmp 224 OP16_À11 IFSEIF oP]
EDdconnect
EndNct
Net oP15
Connect

c PortmÞ 281- oP15-É'2? IESEI¡ INI
c Partmp zLA OP15_À12 IFSEIF OPI

Endconncct
EndNet
Nct oP51
comcct
B Portmp 264 oP51-E2S [FsEfF fN¡
B Port&p 1?8 OP51_M:I IrSEIF OP¡

c Portmp 29O oPs1_lÍl IFSEIF IN]
c Portmp 227 oP51_À13 IrSEL oPl
Endcomcct
EndNet
NcÈ oP53
comect
B Portmp 238 oP63_829 II'SEIF IN]
B Portmp L76 oP63_M4 IFSEIF oPl
C Portmp 292 oP63-M4 IFSEI' IN]
c Portmp :-92 oP63-À14 IESE:IF oP¡
Endcomcct
EndNct
Net OP?6
comcct
B Portmp 240 oP76-E30 IÍSEL IN]
B Portmp 310 OP75 815 IFSEIF OP)

Endcomcct
Comcct
B Portmp 24O oP76-E30 [Fslf,t IN¡
B Poltmp 0 oP?6_815 IFSEIF oP]
Endcomcct
EndNet
Net OP75
comect
B PortjEp 239 OPTq E31 IISEIT IN¡
B Portmp 306 OP75_816 IrSEIF oP]
Endcamcct
comect
B Þortmp 239 oP?5-E31 IISBXË IN]
B Portmp ? oP75-816 [FsEIr oPI
Endcomcct
EndNet
Net OP14
comcct
C PortmP 214 oP1¡¡-Er32 IFSEI' IN]
c Po¡tmp 22O oP14-À15 IFSEIF OP¡

Endcomect
EndNct
Net oP50
Comect
B Portmp 25e oP50-E33 [FsElIF IN]
B Poltmp L72 oP50-M5 [FsEft oP]
c PortrBp 296 OP50-M5 [FsElF IN]
C Portep 235 OP50-À16 IFSEIF OP]

EndcomecÈ
EndNet
Net OP13
comect
C PortEp 269 OP13 E'34 IFSEL IN]
C Portmp 2L4 oP13l17 IFSEIF OPI

EndcomecÈ
EndNc t
Net oP12
coNect
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C Portmp 264 oP12_E'35 IFSEIF INI
é Portmp 216 oP12_À18 [['SEIF oPl
Endconncct
EndNet
Net oP?4
comcot
B Þo¡trEp 233 oP?4_E36 IFSEIIF INI
B Portmp 3O2 oP?4_81? IÍ'SEIF oPl
Endconnec t
comcct
B Portmp 233 oP?4 E36 IFSEIF lN¡
B Portml) 13 OP?4_81? IFSEIË OP]
Endcomcct
EndNct
Nct oP?3
comeqÈ
B Poltmp 225 oP?3_E37 ÍFSEL- fNl
B PortmÞ 304 oP?3_818 [FsE:h oPl
Endconncct
comect
B Po¡tmp 225 oP?3_E37 IFSEIF INI
B Portmp 19 oP?3_818 IFSEIF oP¡
Endcomect
EndNct
Net oP49
Comeqt
B Polt¡Ép 253 oP49_838 IFSEIF INI
B Poltmp 170 oP49_M6 IFSEIF oP¡
c Poltmp 294 oP49_M6 IFSE:IF IN¡
C Poltmp 24L oP49_À19 IFSEIF oP]
Endcomcct
EndNet
Net oP11
comcct
c Portmp 258 oP11 E'39 IFSEIF INI
c Portmp 2f2 oP11_À20 IFSEL- oPl
Endcomect
EndNet
Nct oP10
comcct
c Portmp 292 oP10 E'40 IFSEiL INI
c Portmp 2LO oPlo_À21 IFSEIF oP¡
Endcomcct
EndNet
Net OP48
comeét
B PortÆÞ
B Poltmp
C Portmp
C Port.mp
Endconnect
EndNet
Net oÊ62
Connect
B Po¡tmp
B Portmp
C Portmp
c Portmp
Endconnect
EndNet
ìlet OP46
connect

B Portmp 232
B Portmp 169
c Portmtr) 304
C Poltmp 242
Endcomcct
EndNct
Net oP4?
comect
B Pottmp 245
B Portmp 165
C Poltmp 3O2
C Portmp 240
EndcoÐcct
EndNct
Net OP61
Comect
B Portmp 235
B Portmp 156
c PorteÞ 306
C Portmp 2O'1

EndCouect
EndNc t
Net oPg
comcct
c Portmp 27Ê
c Portmp 2Og
Endcouect
EndNct
Net OP60
Comect
B Portml) 221
B Portmp 161
c Portmp 310
c PortmÞ 2L3
Endcomcct
EndNet
Net oP8?
comcct
B Poltmp 22I
B Portmp 1S

EndComect
comect
B Portmp 22L
B PortmP 301
EndComect
EndNet
Nct oP25
Comcct
C PortmP 215
c Portmlr 246
Endcomcct
EndNct
Net oP59
comcct
B Portmp 2L9
B Portmp 163
c Port.Gp 313
c PortEp 223
Endcomect
EndNet
Net OP45
Comect

249
164
300
234

oP4S_E41
oP48_!f7
oP48_!fl
oP48-A22

oP62 E.42
oP62_M8
oP62_M8
oP62_A23

oÞ46_E43 IFSEI¡ INI
oP46_M9 [PsEIr OP]

oP46_M9 [FsElË IN¡
oP1¡6_À24 [EsErF oPl

oP47_844 [rsEIÊ INI
oP4?_!110 IFSEIF OPI
oP47_M10 IrSEL rN¡
oP47_À25 IFSEIF oPl

oP61_E45 [rsElt rN¡
oP61_1.111 IESEIF oPl
oP61_M11 lrsElt IN¡
oP61_À26 fÍSEIt oPl

oP9_E'46 IPSEIF IN¡
oP9_À27 [FSEÍ- oP¡

[FsEIr INI
IFSEIF oP¡
IFSEIF INI
[FsElF oPl

IFSEIF IN]
[FsEIr oP]
[FsEf,¡ INI

IFSEL= oPl

24L
r62
298
199

oP60 E47
oP60_tt12
oP60_M12
oP60_À28

rsElr INI
rsEfF OP¡

rSElF rNl
FSEIF oPl

oPs?_E48 IFSEIÊ IN¡
oP8?_819 [FSEL oP¡

oP8? E48 IFSEh IN¡
oP8?_819 ITSEIF oP¡

oP25_E'49 IFSEI' INI
oP25_À29 IFSEL oPl

oP59_E50 IFSEIF IN]
oP59_M13 [FsElF oPl
oP59_M13 IESEIF rN¡
oP59_À30 [FsElIF oP]
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NET ROUTING NETLIST CREATED B\'CON2ROU,EXE
INPUT FILES: WALK.CON OLTTPUT FILES: WALK.ROU

¡ Portmp 228 oP45_E51 fFSEIF IN¡
B PortmÞ 150 oP45_!114 ÍfsElt oP¡
c Portmp 314 oP45_!04 ÍFSEIF fNl
c Portmp 193 oP45_À31 IFSEIF OP]

Endcomcct
EndNct
Nct oP88
Comcct
B Portmp 229 oP88 E52 IFSEIF INI
B Portmp 20 oP88-B20 IFSEIF oPt
Endcomect
Comcct
B Portmp 229 oPgg E52 [FsElF lNl
B Portmp 293 oP88-820 IFSEIF oP]
Endcomcot
EndNct
Net oP21
comcct
C Portmp 250 oP21 E'53 IFSEL' fN]
C Portmp 254 oP21-A32 IFSEIF oP¡
Endcomcot
EndNet
Nct oP58
Comcct
B Port]EÞ zfL oP58 854
B Portmp LAA oP58_M15
C PolbBp 317 OP58_M15
C Port¡Ëp 23L OP58_À33
Endcomcçt
EndNet
Nct oP44
comcot
E Portmp 23L oP4,r¡-E55 fFsel IN¡
B Pott¡Ép I44 oP44-t'116 [PsE:h oPl
C Portmp 1 oP44-ld6 IFSEIF INI
C Port¡Ep z'f oPA4-À34 IFSEIF oPI
Endcomcct
EndNet
Net oP26
comcct
c Portmp 283 oP26 E' 56 IFSEIF IN]
c Portmp 248 oP26-À35 IFSEIF oPl
Endcomcot
EndNet
Nct OP29
comcct
c Portmp 263 oP29-z'5'l IFSEIF INI
C Poltmp 249 OP29-À36 IFSEIF OP]

EndComect
EndNct
NcÈ OE12
comect
B Portmp 2L'l OP'12 EsA IFSEI,= IN]
B Poltmp 299 oP'12-B2l [EsEIt OP]

Endcomect
Comect
B Portmp 2l'l oP72 858 IFSEIF IN]
B Port.mp 28'1 oP'12-B2r IFSEL= oPl
Endcomect
EndNct
Net oP71
Connect

FSEIF IN¡
FSEIF OPI
FstIF IN¡
FSEIF OP¡

B Portmp 209
B Portmp 300
Endconneot
comcct
B Portmp 209
B Portmp 295
Endcomcct
EndNet
NeC oP90
comcct
B PortmÞ 242
B Portmp 22
Endcomcct
comect
B Port.mp 242
B Portmp 26
Endcomcct
EndNct
Nct oPzg
comcct
c Portmp 257
c Portmp 253
Endcomcct
EndNet
NeC OPS

comcct
c Portmp 280
c Portmp 206
Endcomcct
EndNct
Nct OP?
comect
C Portmp 2?6
c Polt¡Bp 202
Endcomect
EndNet
Net oP30
Comect
c Portmp 271
C Portmp 245
Endcomcct
EndNet
Net OP31
CoNcct
C Portmp 2'19
c Portmp 232
Endcomect
EndNet
Net oP57
comect
B Portmp 203
B Portmp 140
c Portmp 2
c Po¡t&p 228
Endconnect
EndNet
Net oP43
comect
B Port.mp 223
B Portmp 136
c Portmp 5

c PortGp 209

oP?1_E59
oPlt_822

oP?1_859
oPlL_822

oP90 860
oP90 823

[PsElF IN¡
IFSEIÊ oP]

IFSEIF IN]
IFSEIF oPl

[rsElË rNI
[FSEIF OPI

IFSEIF IN¡
IFSEIË OPI

oP90_E60
oP90_823

oP28 E'61
oP28-À3?

lrsEIl rNl
[TSEJF oP]

oPg E'62 IFSCIT rN¡
oP8_À38 IFSEIF oP¡

oP? E'63 IFSEI- IN¡
oP7_À39 IFSE¡F oP¡

oP30_E'64 [rsEL IN]
oP30_À40 IFSEL oPl

oP31_E'65 IFSEIF INI
oP31_À41 IFSEIF oPl

oP5?_866 [FSEL INI
oP5?_M1? IFSEIF oP]

oP5?_M1? IFSE:IF IN]
oP5?_À42 IFSETF oPl

oP43_E6? IFSEIF INI
oP43_M18 IFSEIF OPI

oP43_M18 IFSEIF IN]
oP43 À43 IFSEL- oP]
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NET ROUI'ING NETLIST CREATED BY CON2ROU.EXE

INPUT FILES: WAI-K.CoN oLTTPUT FTLES: WALK.ROU

lndconncct
ÈndNct
Net oP89
Comeot
B Po¡t¡rap 217 oPgg-868 (f,sEIF INt
B Portmp 24 oPgg-824 IFSEL OPt

lndconncct
Comect
B Portrniþ 231 oP89-E68 lDsgt- It¡l
B PortmÞ 285 oP89-824 [rsElt oPl
Endcomedt
EndNct
Nct OP91
comect
B Portmp 250 oÞ91-E69 [rSEIt fN]
B PortMp 28 oP91_825 ltrsElt OPI

Endcomcct
Comect
B Portmp 250 OP91-E59 IFSEI' ¡N¡
B Portml' 2L oP91_825 fFSE:It oP¡
EndComect
EndNet
Nct OP6
comect
c Portml) 212 oP6-E'?0 [FsElF lll]
C Portmp 2O4 oP6-À44 IFSEIF OPI

EndComect
EndNet
Nct OPs
comcct
c Poltmp 21o oP5_E'?1 IFSEIF fN,
c Portmp 20O oP5-À45 fFstlr oP¡
Endcome ct
EndNct
Nct OP32
comcct
B Poltmp 26A oP32 E12 [FsE]It INI
E Portmp 138 oP32-l't19 lfsEIl oP¡
C Portmp 6 OP32_M19 IFSEI' IN]
c Portmp 231 oP32-À46 IFSEL- oPl
Endcomect
EndNct
Nct oP33
comcct
B Port$p 2'lO oP33-E73 [FsEfl INI
B Polt$p L32 oP33-l'120 IPSEIF oP¡
c Port&p 10 oP33-Ì120 IESEI' IN]
c Portmp 229 oP33-À4? fFSEIF oPl
Endcomect
EndNet
Net OP?0
conncct
B Poltmp 20I. oP70 E?4 ÍFSEIP IN¡
B Portmp 294 oP70_826 (FSEIF OPI

Endcomect
Connect
B Port&p 2oL oP70 E?4 IFSEIF IN]
B Port$p 303 oPlo P26 [FSEIÊ oP]
Endcomect
EndNet
Net OP69
connect

B ÞoEtmp
B PorUlBp
Endconnect
Comect
È Portmp
B Portmp
Endcom€ct
EndNct
Net oP34
comect
B PoltmÞ
È tortmp
C Portmp
C Portmp
Endcomêct
EndNet
Nèt oP35
comcct
B Port¡Ep
B Poltmp
c Portmp
c Þortmp
Endcomcct
EndNet
NcÈ oP42
Comcct
B Portmp
B Poltmp
c Portmp
C Portmp
Endcomcct
EndNct
Nct oP4
comcct
C Portmp
c Portmp
Endcomcct
EndNet
Nct oP92
comcct
B Portmp
B Poltmp
Endcomcct
comcct
B Portmp
B Portmp
Endcomect
EndNet
Net oP94
comcct
E PorÈßp
B Poltmp
Endcomect
couect
B Portmp
B Po¡tmp
Endcomect
EndNet
Nct OP41
conncct
B Portmp
B Port.mp

193
296

oP69 É?5
oP6eJ2?

oP69 E?5
oe6d-_827

oP34 E?6
oP34-!r21

oP3/¡ lil21
oP3ã À46

oP35_E7?
oP35_r.{22

oP35_te.z
oP35 À49

193
311

[Fs¡r¡ rNt
[rsEL oPl

[EsEh rNl
[FsEiIt oPl

[rsElt INI
[rsEIF oPl

lFsErF INI
IFSEIF oP¡

[rsEIl rN¡
IrSEIË OPI

ff,sEIF INI
[rsElt oPl

[rsErF rNt
[rsEL oP]

[rsErF IN¡
[fsEIF oP¡

lFsËIF INI
IFSEIÊ OP¡

lrsEfr INI
lFsEIr oPI

IESEIF IN¡
lFsEiIr oP¡

[FsEtF INI
IFSEIF oPl

212
134
L2
22L

276
T2B
16
2L3

2L5 0P42 E1A
130 0P42 I'Q.3

18 0P42_Vp.!
2L7 0P42i50

269 OP4_E'?9
196 0P4_À51

251 0P92 ESo
289 0P92_B24

2S't OP92 Ego
14 0P92_828

z'lL OP94 E81
305 0P94_829

211 OP94_E81
315 0P94_829

201
126

IFSEII IN¡
ITSEIF oP]

oP41 E82
oP41_¡{2 4

IESEIF IN¡
IFSEIF oPl

l0
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NET ROLTTING NETLIST CREATED BY CON2ROU.EXE

INPLTT FILES: WALK.CON OUTPLTT FILES: wAIK.ROtr

C Portmp 20 ÛPAL lJr24 IFSEIF INI
C Portmp 225 oP41_À52 fFSEIt OP¡

Endconn.ot
EndNct
Nct oP3
conncct
C Poltmp 266 OP3_E'83 IFSE:ÍF INI
C Portmp 198 oP3_À53 [FsElt oPl
Endconncct
Endl{ct
Nct OP93
conncct
B Portmp 263 oP93_ES4 tfSEIF INI
B Pôltmp 291 oP93_830 IFSEIF oPl
Endcomêct
Comect
B Poltmp 263 OP93_884 IFSEL INI
B Portmp I OP93_830 fFSEIl OP¡
Endcomcot
EndNet
Nct OP36
comcct
8 Portmp 2EO oP36_E85 IFSEIF INt
B PortlEp 124 oP36_M25 [EsEIr OP¡

c Poltmp 22 oP36_tl25 [rstIF IN]
c Portmp 2O5 oP36_À54 [PstIÊ oPl
Endcomcct
EndNct
Nct oP56
comcct
D Portmp 195 oP56_ES6 IFSEIÊ INI
E Portmp 18? oP56_l{26 [rsEIF oPl
C Portmp 259 oP56_M26 fFsEL- INI
C Portmp 191 oP56_À55 IFSEIF oPl
Endcomcct
EndNet
Nct oÞ40
Comcct
B Portmp
B Portmp
C Poltmp
C Portmp
Endcomect
EndNet
Net oP38
comect
B Portmp
B PortmÞ
c Portmp
c Portmp
Endcomect
EndNet
Net oP2
comect
C Pottmp
C Portmp
Endcomect
EndNet
Net OPl
comect
C Portmp
C Portmp

199 0P¡¡0 E87
180 0P40_r'r2?
291 0P40_t't21
233 0P40 À56

Endcomcot
EndNet
Net OP3?
comcct
B Portmp
B Portmp
C Portmp
C PortmÞ
Endcomcct
EndNcÈ
Net oP95
comcct
B Portmp
B Portmp
Endcomect
comcct
B Portmp
B Poltmp
Endcomcct
EndNet
Net oP39
comcct
B Port&p
B Po¡tmp
c Portmp
C Poltmp
Endcomect
EndNet
Nct OP55
comcct
B Portmp
B Portmp
c PorùEp
c Portmp
Endcomcct
EndNct
Nct oPo
comcct
C Port¡Ep
c Pottmp
Endcomcct
EndNet
cof

2A2 0Þ38 E88
L't4 0P38-M2g
305 0P38_!f28
189 0P38_À5?

FstL INl
PSEL oPI
ESE:IF IN¡
FSEIF OPI

219 oP3?_891
77L oP3?_M29
308 0P31_1.t29
19? oP3?_À60

262
194

FSEIF INI
FSEIF oPl
FSEIF IN¡
FSEIF OPI

oP2_E'S9 IFSEIF INI
oP2 À58 [FSElt OP]

260
18S

2?9 0P95_E92
30s oP95_831

219 0P95_892
3r2 0P95_831

L92 0P39_E93
L61 oP39_1,ß0
tL2 0P39_M30
239 0P39_À61

191 0P55_E94

'-46 
0P55_M31

I OP55_!ß1
195 0P55_À62

256 0P0_E'95
190 0P0_À63

FsEIr ¡Nl
FSEI| oÞl
FSEIF INI
FSEI| oPl

oP1_E' 90 [FSEIF
oP1 À59 [FSEI,=

[FsE¡r rN¡
IFSEL oP¡

tFsEIr rNl
IFSEIF oP¡

lfsElr INI
IFSEIÊ OPI

[FsEIr IN]
[FsEfr OP¡

[rsEl. fNl
lr'sEll oP]

lFsEll rNl
IESEIÊ oP]

[Fslf,F llll
IFSEL oPl

rNl
oPl

lt
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PORTlrf ¡\P CONFIGUR¡\'|ION ATTRIBLTTE NETLIST CREATITD BÏ ROU2IQB EXE

INPUT FILES: WALK.ROU OLTTPUT FILES: \\¡ALK.PCA

Net ?tLX82
À Portmap 293 WLX82_G0 ÍI'SEIë INt
À Port¡naP 2? WLKoz_Fo IFSEIF OP¡

EndNct
Net WLKS5
À Portmp 205 WÍ,K85_G1 IFSEIF fNl
A PortrEp 105 WLX85_F1 fFSEf,- OP¡
Endìlet
Nct Wl,K81
À Portmp 2?5 l{r'K81_G2 ÍFSEIF INI
À Po¡tmÞ 35 WLK81_F2 IFSEIF OPI
EndNct
Net I{LK80
À Portmp 267 WLK80_G3 [¡'sElF IN¡
À Poltßp 43 WLKS0_83 IESEIF oP]
EndNct
Net WLK24
Â Portmp 251 v{!K24_o4 [EsEIr INI
À Po¡tmp 56 WLR24_84 IFSÊIF OÞl
EndNet
Net WLR?g
À Portmp 261 WLI(?9_C¡5 I¡'SCI' INI
À PoltjBp 51 vlLK79_F5 IFSEIF oP¡
EndNet
Net wl,xTg
À Port¡Bp 255 WLK78_o6 IFSEIF IN¡
À Portmp 59 llLR?8_F6 IFSEIF oP]
EndNct
Net WLK23
À Portmp 241 wLÃ23_o1 [FstL INl
À PoEtmp 60 vlLK23_F7 IESEIF oP]
EndNct
Nct f'¡Ì,1(22
À PortmÞ 243 }ÍLR22_GA IrSEIF INI
À Portmp 64 W1,K22_E8 IFSEjL oP¡
EndNct
Net WLK68
À Portmp 211 wLx68_G9 [FsElF IN¡
À Portmp 29 W:1,R68_F9 IFSEI| oP¡
EndNet
Nct H1.K86
À PortmÞ 213 WLK86_G10 ITSEIF INI
À Poltmp 9? WLK86_F10 IFSEI' OPI

EndNet
Net WLx84
À Port¡Ep L91 WLK84_G11 IFSEIF IN]
À Portrop 113 r.llK84_F11 IFSEI,- OP]

EndNet
Net WLK21
À Portßp 236 !{T,K21_G12 [FsEIt INI
À Portmp 68 wLK2l_F12 IFSÈIF oP]
EndNet
Net WLK20
À Portmp 234 WLK20_G13 IFSEIF IN]
À Portmp ?0 WLK20_F13 fFsEfF oPl
EndNct
Net wLK67
À Port&p 273 W,K6?_G14 IFSEL- IN]
À Portmp 31 WLK67_F14 IFSEL= oP]
EndNet
Net. WLKl9
À Portmp 230 WLK19_G15 IFSEL- IN]

À Portmp
EndNct

Nct Wl,t(66
À Poltmp
À Portmp
EndNet
Nct WLX54
À Portmp
À Portml)
EndNet
Nct 9¡LK83
A Portmp
À Portmp
EndNet
Nct wLN?7
À Portmp
À PortFp
EndNet
Nct wLKl.g
À Poltmp
À Polt.mp
EndNet
Nct WLXI'?
À Portmp
À Portmp
Endl¡et
Nct YiLK53
À Port&P
À Port.mp
EndNct
Net wLK55
À Portmp
Ä Port.mlr
EndNet
Net WLK64
A PortmP
À Portep
EndNet
Net wLK52
À Portmp
A Portmp
EndNct
Nct Wf,Kl6
À Poltmp
À Polt$p
EndNet
Net WLK15
A Portmp
À Portmp
EndNet
Net WLK51
À Portmp
À Portmp
EndNet
Net wLK63
A Poltmp
À Portmp
EndNet
Net WLR?6
À Portmp
À Poltmp

?? wLxl.9_F15

2 65 !,ltK66_G16
45 WI,K66_F15

281 t{!Xs4_G1?
3 3 9rr,K5 4_F1?

189 WLK83_G18
121 f{r,K8 3_F18

244 lrr,K??_C19
6? r{rK??_F19

226 v.tLRlA_G20
81 WLKI'S_F20

IrsEL oP¡

IFSEIF IN]
IFSEIF oP]

IFSEL IN]
[¡'SE:IF oP¡

[rsEL INl
IÞSEIF oP¡

[rsEL rNl
IFSEIT OP]

[rsEx- rNl
IFSEIT OP]

[rslf- ¡Nl
[FsErF oPl

222
85

HtK17_C¡21
r{t Kl?_F2 1

wLKs3_G22
9¡LK53_F22

!{¡K65_c2 3
YILK65-F23

V|LK64_G2 4

WLR64_F2 4

9r,K52_G25
WLK52_F2 5

w1,K16_G2 6
!{LK16_F2 6

wLK15 G27

älKls_Fz?

WLK51-G2 B

wLKs1_F2 I

WLK63_G2 9

WLK63_F2 9

f.¡r,K? 6_G30
w1,K?6 F30

214
41

259
53

[tslrF INI
IFSEIT oP]

[rslÍr IN]
[rsEIr oPI

ITSEIF INI
fFsElF oPl

[rsE[- INI
ITSEL OPI

252
61

269
49

224
80

2L8
82

264
5?

[FsEr IN¡
IFSEIF oP¡

[FsEfË IN]
IFSEIF oP]

lFstfF INI
IFSEIF oPI

238
69

240
73

IFSEIF IN]
IFSEIF oP]

IFSEIF IN]
[FsEfF oP]
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PORTlrr¡\P CONFIGURATIoN .{TTRIBUTD NETLIST CREATED BT ROU2IQB.EXE
INPUT FILES: WALK.ROU OLITPUT FILES: \V¡\LK.PCA

EndNet
Net wll(?s
Â Portr¡Êp 239 lilx?5_G31 IFSE:IF INI

À Poltmp ?4 WLX?5_r31 fFsElF oP¡
EndNct
Nct WLKI4
À Po¡tmp 220 wlJx14_o32 IFSEIF IN¡
À Port¡ap 88 WLX14_r32 [FS¿L- oPl
EndNct
Net Iqlx.so
À PortmÞ 258 I{Í.R50_G33 [FstrF IN¡
À Po¡tmp 65 WLX50_F33 IFSEL- oP]
EndNct
Nct wll(l3
À Portml' 214 l{¡Kl3_G34 [FsEfF INI
À Portmp 90 YIIJK13_F3  IFSEIF oP¡
EndNet
Net WLX12
À Po¡tmp 216 wI¡X12_c35 ÍFSEIF IN¡
À Port¡Ep 94 mJKl2_F35 IFSCIF oP]
EndNct
Nct HLK74
À Portmp 233 !llrl(?4_c36 IFSEIF IN¡
À PoEtmp 7A WLI(74_F36 [FsElL oP]
EndNet
Net WLk73
À Portmp 225 l"rl,](?3_c3? IFSEIF IN]
À Portml' 99 WLI(?3_837 IFSEL' oP]
EndNet
Net WLX49
À Portmp 253 lff¡l(49_c3g [FsElF INI
À Pottmp 62 WIJK49_F3S [FsEÞ oP¡
EndNct
Net WLXI.1
À Portmp 2L2 WLK!.1_G39 IFSEIF IN]
À Portmp 96 WLR11_F39 IFSEIF oPl
EndNet
Net WI/KIo
À Portmp 210 WITX1O_G4o IFSEIF IN]
À Portmp 100 WLX10_F40 IFSEIF oP]
EndÀfet
Net WLK/¡8
À Poltmp 249 9II¡K48_G41 IFSEIF IN]
À Poltmp 66 WÍ,K48_F41 IFSEIF oP]
EndNct
Net ÍlLK62
À Portmp 2¡¡1 wlrR62_c42 IFSEIF INI
À Portmp ?5 Ilf,X62_F42 IFSEL= oP]
EndNat
Net wLX46
À Portmp 232 !.¡f¡X1¡6_G43 [PSE:L= IN]
À Portmp 83 wtK46_F43 [FSEIF oP]
EndNet
Net WLX4?
À Portmp 245 WLI(4?_G44 [FsElF IN]
À, Poltmp 79 EK47_P44 IFSEIF oPl
EndNet
lret !VLK61
À Portmp 235 WIrX61_c45 IFSEIË ll¡l
À Polt.mp 72 !ùIJK6i F45 IFSEL= oP]
EndNet

Net wLK9
À Portmp
À Port¡rBp
EndNet
Net W¡,ß60

A PortmP
À Port.mP
EndNet
Net WLKST

À Poltmp
À PoEtmP
EndNct
Net wLK25
À PortmP
À Portmp
EndNet
Nct WLK59
À PortmP
À PortmP
EndNet
Net wLK45
À Portmp
À Portmp
EndNet
Nct wLK88
À Portmp
À Portmp
EndNct
Nct WLK27
À PortmÞ
À Port.mp
EndNet
Nct wLK58
À Portmp
À Poltmp
EndNet
Net WLK44
À PortmP
À PortmP
EndNet
Net wLK26
À PortmP
À Portßp
EndNet
Net wLK29
À Portmp
A Portmp
EndNet
Net wLK72
À PortmP
A PortmP
EndNet
Net WLK?1
À Poltmp
À Portmp
EndNet
Net WLK90
À PortmP
À PoltGp
Endì¡et
Net WLK28

20s fif,R9_G45
102 WLK9_F46

227 WI,F.60_A41
86 f{f.K60_F47

221 W1,KS7_C48

91 r{rK8?_F48

246 fiT,K25_G1¡9
58 WLK25_F49

219 r{rRs9_G50
93 Wr,Ks9_F50

228 WLK45_G51
s7 WLK45_F51

229 Hlß88_G52
s4 WLKSS_F52

[lsElr INI
[lsEIF oP¡

ITSEIF IN¡
IFsEIr oP]

[rsllr INI
IFSEIF oP¡

[EsEIr¡ IN]
[rsElr oPl

IPSEL INI
[rSE¡r oPl

[IsIÍr IN¡
[rsEIF oP¡

254
54

wr.K27_G53
t{f,K2 7_F53

9ltK58_654
ytLKs8_F54

wLK4 4_c5 5
ri!K44 F55

ltsEIl rN¡
IFSEL OP¡

2Lr
99

231
92

IISEL INI
IFSEIF oP]

IFSEIF rNl
[PstIF OP]

IFSEL INI
IFSEIF oPl

lrslf,F INI
[rsErF oP]

248 tÌr'K26_G55
52 t{tK26_F56

260 HLK29_G5?
50 vfLK29_F5?

21? WLK72_G58
95 Wr,K?2_F58

209 WLK71_G59
101 WLK?1_F59

242 WLKg0_G60
71 WLK90_F60

[FsEIr IN¡
IFSEIÊ oP]

fFSEIF INI
IFSEL* oP]

I¡'SEIF IN]
lFsE:IF OPI

IFSEIF IN¡
IESEIF oP]



WALK-PCA.DOC 24733 Decenrber 23,1995 l0:55:01 AII
PORTN],AP CONFICURATION ATTRIBLTTE NETLIST CREATED BY ROU2IQB.EXE

INPLTT Fll-ES: \\I.AI-K.ROU OUTPUT FILES: WALK.PCA

À PortrÊp 256 ÌíLK28-O61 [FSE],É INI
À Poltmp 48 $T,l(2g-F61 [rsEIF OPI

EndNet
Net WIJK8

Â Portmp 206 wlKg-o62 IFSEL IN¡
À PartmP 104 WLKS-F62 IPSEIF oPl

EndNet
Net wLR?
À Portmp 202 WLRT-G63 IFSEIF rN]
À Poltmp 106 wLR?-863 [f,sEIF oP¡
EndNet
Nct WLK30
À Portmp 262 wLK30-o64 IFSEIË IN¡
À Port]Ep 46 wrK30-r64 IFSEIF oPl
EndNct
Net wLK31
A Po¡t¡Ep 2 66 9lLX31-o65 IESEIË IN¡
À PortßÞ 42 WLK31-F65 (FSEL' oPl
Endì¡ct
Net vlLKS?
À Portmp 203 WLX5?-O66 [fsEIF INI
À Portmp 107 WLK5?-F66 IFSEIF oP¡
EndNct
Nct wLK43
À Portmp 223 WLR'43-g6? (rSEh INI
À Portmp 9S WLK43-F6? IFSEIF oPl
EndNct
Nct wLX89
À PortmÞ 231 WÍ,XS9-C¡68 ffsEiIF INI
À Portmp ?6 I{Í,K89-F68 IFSEIF OPI

EndNct
Nct wLX91
À Poltmp 250 ll',K91-o69 IFSEIF IN¡
À Portmp 63 WLK91-F69 IPSEIF oP]
EndNct
Nct .wl,x6
À Poltmp 204 wLK6-c?0 IPSEL INI
À Portmp 110 lllx6-F?0 [fsEIF oPI
EndNct
Nct 9lLK5
À Portmp 20O WLX5-G71 [FsEIr IN¡
À Portftp LL2 WLK5-F?1 ÍFSEL- oPl
EndNct
Net wLK32
À PortmP 26a WLK32-G12 fFsEL- INI
À Portmp 44 wLF.i2-î72 IFSEIF OP]

EndNet
Nct wLX33
À Portmp 21o WLK33-G?3 [EstIF IN]
À Portmp 40 WLK33-F73 IFSEIF oPl
EndNet
Net wf,K?0
¡l Portmp 201 WLK70-G?4 IFSEIF IN]
À PortDp 109 WLK?0-F74 IFSEIF oP]
EndNet
Nct WLK69
À Portmp 193 WLK69-G?5 IFSEIF INI
À Portmp 117 WLK69-F?5 IFSEIF OP]

EndNct
Net WLK34
À Portmp 212 WLK34_G76 IFSEIF INI

A Portmp
EndNct
Net WLK35
A Portmp
À Portmp
EndNêt
Net wLK42
À Portmp

À Portmp
EndNet
Nct wLK4
À Portmp
À Portmp
EndNct
Net wLX92
À Portmp
À Portmp
EndNct
Nct WLX94
À Portmp
À Portmp
EndNct
NcÈ WLK41
À Portmp
A Portmp
EndNct
Net WLX3

À Portmp
À Portmp
EndNct
Nct wlx93
A Portmp
À Portmp
EndNct
Nct El,K36
À Portmp
À Portmp
EndNet
Net vlLx56
À Portmp
À Portmp
EndNct
Nct lif,K4o
À Portmp
À Port¡Êp
EndNet
Net WLK3S

À Portmp
À Portmp
EndNct
Net YILK2

À PortGp
À Polt.mÞ
EndNet
Net w',Kl
À Portup
À Po¡tMp
EndNet
Net W1,K3?

À Port&Þ
À Portrup

38 Í{LK34_F76

2?6 WLK35_o??
36 Wr,K35_F??

215 WI,K42_G?8

103 t{r.Kt2 F?8

[¡sÊh oPl

lfsE[l lNl
lFsEIl oPl

lrsElr INI

[FsEIt oPl

[rsEÍr INI
[FsEIr oP]

[rsEll rNl
IFSEL oP¡

[¡sElF IN¡
IrSEL oP¡

[EsEt- IN¡
[FsElF OP]

196
114

2S'l
55

mR4_G?9
!{LK4_F?9

WLK92_G80
wr,K92_F80

2?1 WLX94_G81
39 WLK94_881

207 !{LK¡¡1_C82
10I rsLK41_FS 2

198 WLr(3_G83
116 WLR3_F83

263 r{r,X93_G8,¡
/¡? wr.K93_F84

2?8 WLÍ36_GS5
34 WLX36_F85

195 WLKs6_686
111 9lr,ñ56_FB6

19 9 r{r,K4 0_G8 ?

115 WLK40_F87

282 WLK38_G88
32 WLK3S_F88

194 V¡LK2_G89
118 !ttK2_F89

188 WLK1_G9o
120 WLK1_F9o

280 !^¡LK37_G91
30 wLK37 F91

lrsElË INI
ITSEL OP¡

[rsEIê IN¡
[rsEIF oPI

IESE¡F INI
IISEI¡ oÞl

[tslIF lNl
[rsEIF oP¡

IFSEI| rNl
[FsEfr oPI

[rsclF IN]
[FsEr- oP]

lrsEIF INI
IFSEIF oP]

IFSEIF IN]
IFSE:IF OP¡

[FSEIF IN]
IFSEIF oPI



WALK_PC.A.DOC 24733 Dcccmber 23,1995 l0:55:01 .\Nf
PORTN'IAP CONFICUR¡\]'ION r\TTRIBLTTE NETLIST CREATI:D BÏ ROU2 IQB.EXE

INPUT FILES: WALK.ROU OLITPUT FILES: WALK.PCA

EndNct
Net lll,R95
À Poltmp
À Portmp
EndNct
Nct WLK39
À Portmp
À Poltmp
EndNet

Net wLx55
A Portmp
À. Poltmp
EndNct
Net Wf,Ko

À Portmp
À Portmp
EndNet
Nct oPa2
B Portmp
g Po¡t&p
E PortmP
EndNct
Net oP85
B Portml)
B Portmp
B Portmp
EndNet
Net OPgl
B Poltmp
B Portml>
B Portmp
EndNet
Nct OP80
B Portmp
B Poltmp
B Portmp
EndNct
Net OP24
C Portmp
C Poltmp
EndNet
Net oP?9
B Portmp
B Portmp
B Portmp
EndNet
Net oP?8
B Portmp
B Portmp
B Port&p
EndNet
Net oP23
C Portmp
C Portmp
EndNct
Net oP22
C Portmp
C Port.mp
EndNet
Net oP68
B PortMp

2?9 vllK95_c92 [rsElr IN¡
31 WLK95_F92 IFSEIF OPI

192 f{T,K39_693 IFSCL INI
123 WLK39_F93 ÍESEIF oPI

191 vlll(55_o94 [fsEIÊ lN¡
119 I{LK55_F94 IFSEIF OPI

190 WLK0_G95 [FsE:lF IN¡
t22 WLKo_E95 [FsEIl OPI

253 OP82_E0 [rSEIr INI
s oP82 E0 lrsEll oPl
11 oP82_80 ITSEIF oPl

205 oP85_E1 [FsEfF IN¡
L2 oPg5_81 ÍFSEIF OPI
318 oP85_81 [FsEIr oP¡

215 oP81_E2 I¡SEIF INI
2 oPgL_Ê2 lrsElr oP¡
25 oP81_82 IFSEIF oPl

267 oP80_83 IFSE:IF INI
1 oP80_83 IFSEÍF oP¡
29L oP80_83 IFSEIF oPl

261 oP24 E'4 [rsEIF IN¡
251 oP24_À0 IFSEIF oPl

26L oP?9_E5 frsEr- INI
317 oP?9_84 fESEIF oPl
299 oP?9_84 IFSEIF OP]

255 oP?B E6 IFSEIF IN]
314 oP?g_85 IFSEL- oPl
307 oP?8 85 IFSEIF oPl

26L oP23_8"1 IFSEIF INI
241 oP23i,1 [FSErt oPl

255 oP22_E'9 IFSEIF INI
243 oP22_A2 [FsE!= oP]

211 oP68_89 IFSEL= IN]

B Polt¡âp
B Portmp
EndNct
Net oP86
B Portmp
B Portmp
B Portmp
EndNet
Nct oP84
B Poltmp
B Portmp

B PortmÞ
EndNet
Net oP21
c Portmp
C PoltmÞ
EndNet
Nct oP20
c Portmp
C PoltmÞ
EndNct
Net oP67
B Polt.mp
B Portmp
B Portmp
EndNet
Nct oP].9
c Portmp
c Portmp
EndNet
Nct oP66
B Portmp
B Portmp
B Portmp
EndNct
Nct oP54
B PoEtmP
B Poltmp
C Port¡Bp
C Portmp
EndNct
Net oP83
B Portmp
B Portmp
B Poltmp
Endllct
Net oP??
B Poltmp
B Portmp
B Portrep
EndNet
Net OP18
c Port.ep
c Port&P
EndNet
Net OP1?
c Polt.mp
c Portmp
EndNet
Net OP53
B Portmp

292
319

oP68_86 IFSEI| OP¡
oP68 86 IISEL oPl

2L3 oPB6_E10 IFSEL ¡N¡
16 oP86 B? IFSEIF oP¡
309 OP8;_B? IFSEIT OP:

19? OP04_E11 IESEIF INI
10 oP84_88 [FsEIt oPl

/¡ oP84_BB IFSEIF OPI

244 oP2l_F,',12
236 0P21_À3

271 0P20_E',13
234 0P20 À4

[FsE¡r fNl
[FsEIr oPl

lrsEIr INI
IfsE¡r oPl

213 oP67 814 IFSEIF INt
29o oP6?_89 IrSEL oP¡
3 OP67_89 IESEI' oPl

213 oP19_E'15 lf,sE¡F INI
230 oP19_À5 IFSEL OPI

265 oP66_E16 [FsgIF ¡Nl
2AS oP66 B1o IFSEIF oP¡
9 oP66_810 [FsElF oPl

2Al- oP54_817 ÍTSEIF INI
186 oP54_M0 [EsElF oP¡
256 oP54_M0 fFsEL IN¡
2O3 oP54_À5 IFSEL oPI

189 oP83_E18 ÍFSEIF IN¡
6 oP83_811 [FstrF oPI
11 oP83_811 IFSEIF OP]

244
313
316

26s
226

oP??_El9 [rsEIF IN¡
}P11_BL2 IFSEIF OP¡
oP77_Br2 IFSEIF oPl

oP18 E'20 IFSEL- IN]
oP18 À7 IFSEIF oP¡

259 OPL'1_E,'2r IFSEIF INI
222 oP1?_Às IFSEL= oP]

274 oP53 E22 IFSEIF IN]



Jl

\\'..U-K_PCA.DOC 24733 December 23,1995 l0:55:01 A.ltf
PORTIjAP CONFfGURATION ATTRIBLITE NETLIST CRI]ATED B\' ROU2IQB.EXÉ
INPUT FILES: \\TALK.ROU OUTPUT FILES: w.Al-K.PCA

B ÞorÈmp 18¡¡ OP53_t'11 IfSCIF OPI
C Pottml) 284 oP53_ll1 [fsEtF INI
C PoltrBÞ zLL OP53_À9 IFSE¡F OPI
EndNet
Nct OP65
B Port¡rEp 2Sg OP65_E23 [fSEIr lN¡
B PortmÞ 284 oP65_813 IFSEIF OPt
B Poltmp 15 oP65_813 fFsEtÊ oPl
EndNct
Net OP64
B Poltmp 252 oP64_E2l IFSEI| INI
B Portmp 206 oP64_814 IESEIÊ oPl

B Portmp 23 oP64_814 IFS¿IF oPI
EndNet
Nct oP52
B Portmp 269 oP52_825 [fSElF INI
B Poltmp Lez oP52_þP. IFSEIF oPI
C Portmp 2gg oP52_1,Q. IFSEIF INI
C Po¡tmp 2L9 oP52_À10 ÍFSEIF OPI
EndNct
Nct oP16
c PoltmÞ 252 oEL6_E'26 IFSEÍF INI
C PortmÞ 221 oP16_À11 [FSE:L- oPt
EndNet
Net oP15
c Poltmp 28L oP15_E'2? [f,sEIF IN]
c Port.mp 219 oP15_À12 IFSEIF oPl
EndNct
Net oP51
B Portmp 264 oP51_E2g IFSEIF IN]
B Portmp 7.7A oP51_M:¡ IISEI' oP]
c Portmp 29O oP51_l*Í| IFSEIF IN¡
c Portmp 227 oP51_À13 [rsEL- oP]
EndNct
Nct oP63
B Portmp 239 oP61 E29 [rsEIF INI
B Portmp L76 oP63_M4 IFSEIF oP¡
c Portmp 292 oP63_M4 IFSEI| IN¡
c Po¡tmp L92 oP63_À14 [FsÉÞ oP¡
EndNet
Net oP?6
B Portmp 240 oP?6_830 IFSETF INI
B Portmp 310 OP76 815 IFSBIF oP]
B Portmp 0 oP?6 815 ÍFSEIF oPl
EndNet
Net oP75
B PoltlEp 239 OP75_E31 IFSEIF IN]
B PorÈmp 306 oP75_816 IFSEIF oP]
B Po¡tmp 7 oP75_816 IFSE:IF oP¡
EndNet
Nct OP14
c Portmp 214 oPLí_E'32 IFSEIF INI
c Portmp 22O oP14_À15 IFSEIF oP]
EndNet
Net OP50
B Portmp 25A oP50_E33 IFSEIF IN]
B Po¡tmp L12 OP50_M5 IFSEIF OP¡
c Portmp 296 oP50_M5 [FsEÞ INI
C Poltmp 235 OP50_À16 IFSEL= oPl
EndNet
Itet OP13

c PoltmÌ)
C Portmp
EndNct
Net OP12
C Portmp
C Portmp
EndNct
Net oP?4
B Portmp
B Poltmp
B Portmp
EndNct
Nct OP?3
B Portmp

B Poltmp
B Portmp
EndNet
Net OP49
B Portmp
B Portmp
C Portmp
C Portmp
EndNet
Net oP11
c Portmp
C Portmp
EndNet
Net oP10
c Portmp
c Port¡Bp
EndNet
Nct oP48
B PoEtmÞ
B Portmp
C Portmp
C Portmp
EndNct
Nct oP62
B Portep
B Portmp
C PortDp
C Portmp
EndNct
Net oP46
B Portmp
B Portmp
C Portmp
C Partmp
EndNct
Net oP4?
B Portmp
B Portmp
c Portmp
C Port$p
EndNet
Net oP61
B Portmp
B PortGp
C Portmp
C PortGp
EndNet

269 0Þ13_E'34
2L4 0P13_À1?

264 0P12_E'35
216 0P12_À19

233 0Þ?4 E36
302 0P?411?
13 0P74 B=1?

225 0P73_E37

304 0P73_81€
19 0P?3_818

253 0P49_E38
1?0 0P¡19_M6
294 0P¡¡9_!16
24L OP49_À19

25S OP11_E'39
2t2 0P11_À20

242 0P10_E'40
2LO OP10_À21

249 0P¡IS_E41
164 oP4g_l.ll
300 oPAs_Mt
234 OP48_À22

24L OP62_E,42
t62 0P62_MB
299 oP62_M8
199 0P62_À23

232 0P46 E43
169 0P46_M9
304 0P46 M9

242 0P46-À24

IFSEIF tNl
[¡'SEÞ oP¡

[tsEll IN¡
IFSEIÊ oP¡

[rsElF ¡Nl
[f,sElr oPl

ITSEIF OP¡

[rsEIF INI

I¡'SEIF oPl
IDSEL oPl

[lslrF IIrl
IFSEIÊ oP¡
trstfr INI
[r'sEfF oP¡

[tsl,IF IN¡
[rsEIê oP¡

[rs!x- IN¡
[FSl¡- oP,

[tsE¡F IN¡
IBSEIF oPI
IFSEIF INI
lrsEl oPI

[rsEIr IN¡
[FsEfr oPl
IFSEIÊ INI
[rsElÊ oPl

[EsElF INI
IFSEIF oP¡
[FsEIr IN¡
fFSEIF oPI

245
165
302
240

oP4? E44
oP4 ?-!.r10
oP4?_M10
oP4?_À2 5

235
156
306
20'l

FSEIF fN¡
FSEIF OPI
FSEIF INI
FSEL oPI

oP6l_E1¡5
oP61_M11
oP61_M11
oP61_À2 6

FSEIF IN¡
FSEIF OPI
FSEIF INI
FSEIF OPI



IVALK_PCA..DOC 24133 Decenrber 23, 1995 l0:55:01 ANf

PORTN,IAP CONFICURATION ATTRIBLTE NETLIST CRE¡\TED BY ROUzIQB.EXE
INPUT FILES: W¡U-K.ROU OLTTPUT FILES: WALK,PC¿\

l{e t oP9
c Portnâp 219 oP9_E'{6 IFSEIF lNl
C Þort¡Bp 205 oP9_À2? fFSEL oP¡
EndNct
Nct oP60
B Portmp 221 oP60_84? [FSEilF lNl
B Po¡tmp 161 oP60_l't12 IFSEIF OPI
C Portmp 310 oP60_l'î12 [FsElF IN¡
C PoltrBp 215 oP60_À28 IFSEIT OP¡

EndNet
Nct OPS?

B Portmp 22L oPST 848 IFSSIF INI
B Poltmp 18 oP87_819 IFSEIF oPl
B Polt.mp 301 oPs?_819 [FsEfF oP]
EndNet
Net oP25

C Portmp 215 oP25_E' 49 ITSEIF INI
c Portmp 246 oP25 A29 IESEIF oPI
EndNet
Net oP59
B Portmp 2L9 oP59_850 fFsE:IF IN,
B Portmp 153 OP59_Ì9.3 IFSEI' OP¡

C Portmp 313 OP59_!O.3 IFSEIF IN]
C Portmp 223 OP59_À30 IFSE:IF OP]
EndNet
Nct OP45
B Portmp 225 oP45_E51 IFSEII INI
B Poltmp 150 OP45_1.11¡¡ IESEIF OP]
C Portmp 314 OP45_r4¡¡ IESEIF IN]
C Portmp 193 OP45_À31 IFSEIF OP]
EndNet
Net OP88
B Portmp 229 oP88 E52 [rsEfF fN]
B Portmp 20 OP88 820 IrSEL OP]
B Portmp 293 oP88_820 IFSEIF oP]
EndNet
Net OP2]
c Portmp 250 OP2? Ë'53 IFSEL' IN]
C Portmp 254 oP21_A32 IFSEIF oPl
Endl¡et
Nct OP58
B Portmp 2Lt oP58 E54 IFSEIF IN]
B Portmp 148 oP58_M15 IFSEIF oP]
c Portmp 3L1 oP58_M15 IFSEIF IN]
C PortrEp 231 oP5S_À33 IFSEIF oPl
EndNet
Nct oP44
B Portmp 23L oP44_E55 [FsEll INI
B Portmp L44 oP44_M16 IPSEIF oP]
C Portep 1 oP44_!116 IFSIIIF IN]
C Portmp 2Or OP44_À34 IFSE:LE OPI

EndNet
Net oP26
c Portmp 2a3 oP26_E'56 [FsEfF IN]
c Poltmp 24a oP26_À35 [FsEIt oP]
EndNet
Net OP29
C Po¡tlÉp 263 oP29_E'5? IFSEIF fN]
C Portmp 249 oP29_À36 IESEL= OP]
EndNet
Nèt oP12

B Portmp
B Portmp
B PortrEt)
EndNct
Net oP?1
I ÞortmÞ
B Portmp
B Portmp
EndNct
Nct oP90
B Poltmp
B Portmp
B PoÌtmp
EndNet
Nct oP20
c Portmp
C PoEtmp
EndNet

Nct OPB

C Poltmp
C Portmp
Endìleè
Nct oP?
c Portmp
C Portmp
EndNet
Nct oP30
c Po¡trÊtt
C Portmp
EndNct
Nct oP31
C PortrEtr)
C Portmp
EndNct
Nct oP57
B Portmp
B Portmp
c PortmÞ
c Portmp
EndNet
Net oP43
B PorbEp
B Portmp
C Portmp
C Portmp
End¡¡ct
Net oPs9
B PorhEp
B Portmp
B Polt$p
EndNet
Net oP91
B Portmp
B Portmp
B Portmp
EndNet
Net oP6
C PoEtMp
C Portmp
EndNet
l¡et OPs

2I1 oP?2 E5É [FsEIr INt
298 oP72 B2l lrsEf- oPl
2s7 oP12_B2L [lsErF oP¡

209 0p?l_e59 [FsEr. lNl
300 oP11_a22 [1s8f,- OP¡
295 0P71_a22 [rSE[l OPI

242 oP90 E60 IISEIF nrt
22 OP90_823 [tSEh OPI
26 oP90 823 IFSEIF oP¡

257 oP28_E'61 [rSE¡r IN,
253 oP28_À3? [fsEIF OPI

2S0 oP8_E! 62 [fS¡Er INt
206 oP8_À38 IFSEL oP¡

2'16 oP?_E'63 ITSEIF Illl
202 oP7_À39 [rSE oPl

21L oP30 E'64 [tsEF INI
245 oP30_À40. [rsE[- OPI

2?9 oP31_E'65 [rSEIr Il¡]
232 oP31_À41 IFSEÍF OP]

203 oP5? E66 [rsErr IN¡
140 oP5?_M17 IFSEI¡ OPI
2 oP57_1,{1? IFSEIF INI
228 oP57_À42 (fSEIr oPl

223 oP43_E6? [rSEIr INI
136 oP43_M18 [fSEIr OP]
5 oP43_M18 IESEIF IN¡
209 oP43 À43 I¡'SEIF oPl

23't
24
285

250
2A
2T

oP89_E68 [rsEL- INI
oP89_824 IFSEIF OPI
oP89_824 IFSEII OP]

oP91_E69 IFSEIF IN¡
oP91_825 IFSEIF oPI
oP91_n25 IFSEI¡- OPI

212 oP6_E'?0 IFSEIF IN]
204 oP6 À44 [rsEIF oP¡



\\'¡\LK_PCr\.DOC 24133 December 23, 1995 l0:55:01 A.lr'l

PORTNÍAP CONFIGURATION ATTRIBLITE NETLIST CREATED B\' ROU2IQB.EXE

INPUT FILES: WALK.ROU OLÌTPLTT FILES: WALK.PCA

c Portfi¡p 210 oP5_E'?1 ÍFSDIÊ lNl
C Portjmp 200 oP5_À45 flsE:tÈ oP¡
EndNet
Net OE32
B Portmp 268 oP32 812 (rsE:tÊ INI
B PortrEp 138 oP32_r.d9 [¡sEÞ oÞl
C Portmp 6 OP32_M19 [FSEÍ,- INI
c Portmp 23? oP32_Â46 IFSEIÈ oP¡
EndNet
Nct OP33
B Port¡rEÞ 27O oP33_E73 (FSEIÊ rNl
B Portmp L32 oP33_l{20 [rsEIF oP¡
c Poltmp 10 oP33_1120 If,SE:IF fN]
c Port¡rBp 229 oP33_À47 IFSEIF oP¡
EndNct
Nct oP?o
B Poltmp 2Ol oÞ70 E?4 [FSlIt INI
B Portmp 294 oP70_826 IFSEIF oP]
B Portmp 303 oP70_826 [FsE:tt oP]
EndNet

Nct oP69
B Portmp 193 oP69_E?5 [fsElt INI
B Portmp 296 OP69_827 IFSEIF OP¡

B Port¡Þp 311 oP69_821 ÍFSEIF oPl
EndNat
Net oP3{
B Portmp 212 oP34_E?6 [rsEIt INI
B Portmp 1311 oP34_l'121 lrsÊIr oPl
c Port¡BIt 12 oP34_1r21 [PstIF INI
c Portmp 22L oP34_À48 IFSEL oPl
EndNet
Nct OP35
B Portmp 276 oP35_E?? ITSEIJ- INI
B Polt.mp L2A OP3S_Ì'9.2 IFSE:IF oP]
c Port.mp 16 oP35_Ne.2 IPSEL- INI
c Portftp 2L3 oP35_À49 IFSEIF oPl
EndNct
Net 0942
B Portmp 2!5 oP42 E1g IFSEIF IN¡
B Poltmp 130 oP42_1,P3 [FsEIt oPI
c Pottmp 18 oP42 Vt23 frsEr- INI
c Portmp 2L7 oP42i50 IFSEIF oP]
EndNet
Net oP4
c Portmp 269 oP4_E'79 IFSE:IF IN]
c Poltmp 196 oP4_À51 [FsaIF oP]
EndNct
Net oP92
B Portmp 257 oP92_880 IFSEIF IN]
B Portmp 289 oP92_B2a IFSE:IF oPl
B Portmp 14 oP92_828 [FSEI/- oP]
EndNet
¡¡et OP94
B Portmp 2'lL oP94_ES1 IFSEIF IN¡
B PortlBp 305 oP94_829 IFSEIF oP]
B Portmp 315 oP94_829 IFSEIF oP]
EndNet
l¡et OP41
B PortmÞ 2O1 oP41 E82 IFSEIF IN]
B Portmp L26 OP41_M24 IFSEIF OP]
c Portmp 20 oP4L_1t24 IFSEIF IN]

C PortÍap
EndNêÈ
Net OP3
c Portmp
c Port$Þ
EndNct
Net OP93
B PortmÞ
B Portmp
B Portmp
EndNet
Nct oP36
B PortmÞ
B Portmp
C Portmp
C Portmp
EndNet
Nct oP56
B Port.mp
B Polt¡Ep
c Poltmp
C Poltmp

EndNct
Nct oP40
B PortmÞ
B Poltmp
c Portmp
C Portmp
EndNet
Nct oP38
E Portmp
B Poltmp
c Port¡Ep
C Portmp
EndNet
Nct OP2

225 oP41_À52

266 0P3_E',S3
198 0P3_453

26t oP93_E84
291 0P93_830
I OP93_830

lFsEr¡ oPl

lrsEl. rNl
IFSEL oP¡

IFSEIF ¡Nl
IFSEIF oP¡

IFSEIF OPI

IFSET¡ INI
[FsEÞ oP¡

IFSEIF IN]
[FsEIl oPl

lFsEL IN¡
[rsEIF oPl
[lsEIF IN¡
IrSEL oP¡

280
L24
22
205

oP3 6_Eg 5
oP36 I{25

oP36 -tiPs

oP36_À54

oP56 E86
oP5 6_r{2 6
oP56l.t2 6
oP56 À55

195
L87
289
191

199
180
297
213

282
L14
305
1S9

oP40_E8?
oP40_M27
oP40_M2?
oP40 À56

c Portmp 262
c Portmp 194
EndNct
Net oP1
c Portmp 260
c Poltmp 1sg
EndNcÈ
Net OP3?
B Portmp 274
B Portmp 1?1
c Portmp 308
c Portmp L97
EndNet
Net OP95

rsEh ¡Nl
TSEL OPI
FsEIr IN¡
rsEIê OP¡

oP38 888
oP38_!f2 g

oP38_r.C8
oP3S_À57

ESEL IN¡
FSEL oPI
FsBfF INI
FSEL oP:

oPz_E'89 [FsEilF INI
oP2_À58 IPSEIF oP]

oP1 E'90 [rSEl. rN]
oP1_À59 IFSEIF oP¡

oP37 E91 I8SEIF IN]
oP3?_1.129 IFSEIÊ oPl
oP37l-t29 IFSEIF IN¡
oP37_À60 ÍFSEIF oP!

oP95_E92 IFSEIF INI
oP95_831 IFSE:IF OP]
oP95 831 IFSELE oP]

B Portep
B Portmp
B Poltmp
EndNet
Net oP39
B Pott¡€p
B Portmp
c Po¡tmp
C PortEp
EndNet
Net oPs5

219
308
3r2

L92 0P39_893
L67 0P39_M30
3L2 0P39_l':l0
239 0P39 À61

FSEIF
FSEf,È
FSEL=
FSEIF

rN
OP

IN
OP
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B Portmp 191 oÞ55_E9il [lSE¡¡ lNl
B Portrap 1¡¡6 oP55lrÍ¡1 IrSEI¡ oPl
c Portmp S oP55_M31 fFsEh INI
C Portmp 195 oP55_À62 IFSEI¡ oPl
EndNct
Nct oPo
c Portmp 256 OPO E'95 IFSEIF INI
c Portmp 190 oP0_À63 IFSEIF oP¡
EndNct

eof
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Dcvlac IQ320 ltl 92

Jta€Chaln JC1 oL g2

Dcvln6t l9320 f'Lt

Part¡ËÞ 293 [FsEIt rNl;
Pott¡rBD 27 [xlEL- OP¡;
Portnap 205 [fsElt INL
PortnÊp 105 IFSEIÊ OPl,
Pojrtmp 275 IFSEIF INI ;
Port.mp 35 IFSEL- oPl ;
ÞortmD 261 [FSElt INI;
Port¡Ep 43 IFSEI¡ oPl ;
Portml) 25L IESEIF IN¡ ,
Portmp 56 IFSEL= oP] ,'

Portmp 26L IFSEIF rNl;
PortmÞ 51 IFSEIF oPl ;
Portml, 255 IPSEIF INJ ;
PortmÞ 59 IFSEIF oPl ;
Portmp 247 IFSE:IF IN] ;
Portmp 60 IFSEIF oP¡ ,'

Þortmp 243 [FstIF IN];
Portmp 64 [fsEfF oP¡;
Portmp 211 IFSEIF IN] ;
Polt¡Ep 29 IFSEIF oP] ;
Port.mp 2L3 IFSEIF INI;
Portmp 9? IFSEIF oPI ,'

Portmp 197 IFSEIF IN] ,
Poltmp 113 IFSEIF oPt ,
Port¡Etr) 236 IFSEIF IN] ,
Portm¡) 6S IFSEIF OP] ,
Portmp 234 IFSE:IF INI ;
Portml) 10 IFSEIF oP¡ ;
Portrmp 273 IFSEIF IN] ;
Portmp 37 [FStfF oP];
Portml¡ 2fO IFSEIF INI;
Portrmp 17 IFSSIF OP] ;
Portmp 265 IFSEIF IN¡;
Portmp 45 [FsEfF oP¡ ;
Portmp 2SL [FstIt INI;
PoEtmp 33 [FsgfP oPl ;
Portmp 1s9 IFSEIF INI ;
Porùmp LzL IFSEIF oP¡;
Portmp 244 IFSEIF IN¡;
Portmp 61 [FsEiL- oP] ;
Port:Ep 226 IFSÉIF rNl ;
Portmp 81 IFSEIF oP] ;
PortjEp 222 [FstIF IN];
Portmtr) 85 IFSEIF oPl ;
Portmp 214 IFSEIF IN] ;
Portmp 4L [FstIF OP¡ ;
Portmp 259 IFSEIF IN] ;
Portmp 53 IESEIF oP¡ ;
Portmp 252 IÞSEIF INI;
PortlGlr 61 IFSEIF oP] ;
Portmp 269 IFSEIF IN] ;
Portmp 49 IFSEIF OP] ,'

Port.ml' 224 IFSEIF IN] ;
Portmp 80 f FSE.IF oPl ;

tr3 ;

It3;

Þortmp zfe
Portmp A2

Þortsp 264
Þortmp 5?
Portmp 238
Portjíap 69
Poltmp 24O
Poltmp 13
PortlËp 239
Portnep 14
Portmp 220
Portmp 88
Portrrap 258
Port&p 65
Portmp 2L4
Þortmp 90
Þortmp 2L6
Portmp 94
Portmp 233
Portmp 78
PortmÞ 225
Portmp 89
Portmp 253
Portmp 62
Portmp 212
Portmp 96
Portmp 2LO
PortEp 100
Portmp 249
Portmp 66
Portmp 24L
Portmp 75
Portmp 232
Portmp 83
Portmp 245
Portmp 79
Poltmp 235
Portmp '12

Portmp 208
Portmp 102
Portnp 221
Portep 86
Portmp 22L
Portmp 91
Portmp 246
Port$p 5S

Portep 2L9
Portmp 93
Portmp 228
Port&p 8?
Portmp 229
Poltmp 14
Portmp 254
PortEp 54
Polt.Gp 2LI
Port.ep 99
Portmp 23!
Portmp 92
Portmp 245
Portmp 52
Port.Gp 260

IFSEI¡ IN];
IFSEIF oP¡;

IFSEÞ INI;
IFSEIT oPl;
IFSEIF IN¡ ,'

IFSEIF oP];
IFSEIF IN] ;

[FSEr,- oPl;
lEsEtË IN¡,

[rsErF oPl,
IFSEIF INI;

IESEIÊ oPl;
IFSELE IN],

[FsEIr OP];
IFSEIF IN¡;

IFSEIF oPl ,'

IFSELÊ INI i
IFSEL- oP¡;
IFSEIÊ IN¡ ,.

IFSEIF oP¡;
[FsErF rN];

IFSEIF oPl ,'

IFSEIF IN];
IFSEIF oPl;
IFSEIF IN] ,'

IFSE:IF oPl ;
IFSEIF IN¡;
IFSEIF oPl;
[FsErF IN¡;

IFSEIIF oP] ;
IFSEIF INI;

IFSEIF oPl;
ÍFSEIF IN];

IFSEIF oP¡;
IFSEIF IN¡;

[FSEllF oP] ;
IFSEIF IN];

IFSEIF oPl;
IFSEIF IN];
IFSEI¡ oPl;
[FsEfF IN¡;

IFSEIF OP];
IFSEIF IN] ,'

IFSEIF oPl;
IFSEIF INI;

IFSEIF oP] ;
IFSEIF IN];

IFSEIF oPI;
IFSEIF IN];

IFSEIF oP¡;
IFSEIë IN¡;

IFSEIF oP] ,'

IFSEI¡ IN];
[FsEIt oPI;
[FsErF IN] ;

lFsEIr OPI;
[FsErF IN] ,'

[FsEfF oP];
[FSE:IF IN] ,'

ÍFSEIF oPl;
ÍFSEIF INI;
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Portmp 50 IFSEI' OPI;
PortrÉI, 2L7 [rsEtt INI;
Portmp 95 [FStIt oP¡;
Polt¡Bp 209 [FsEL IN] ,
Portmp 101 [FsEft OPI ,'

Port¡Bp 242 (FSEIF INI ,'

Portmp ?1 IFSIC- oP¡;
Portmp 256 IFSEL INI ,
Portm¡¡ 48 IFSEXF oP] ;
Poltmp 206 [fsEIF IN],
Portmp 104 IFSÊIF OPI ;
PortmÞ 202 IFSEIF IN];
Portm¡r 106 [FStIt oP] ;
Portmp 262 [FsEfF INI;
Portrep 46 IFSËIF oPl ;
Port¡Ép 266 [EsEfF INI ;
Þortmp 42 IFSEIF oP] ;
Polt¡rap 203 IÍ'SEIF IN¡ ;
Portmp 10? IFSEIF oP] ;
Portmp 223 IFSEIF INI;
PortmÞ 98 IFSEL: oP] ;
Portmp 23', f FSEIF IN¡;
Portmp 16 [FsElF oP] t
Port.mp 250 f FSEIF INl ,'

Portmp 63 IFSEIF oP],
PortjEtr) 2O4 IFS¿IF IN];
Port:Ep 110 tFSEIt oP¡ ;
Portmp 2OO IPSEIF IN¡;
Portmp LLz f Fsalt oPI;
Portmp 269 [FstfF INI ,'

Poltmp 44 IFSEIF oPl;
Paltmp 21O [FsE:It INI;
Port:Ep 40 IFSEIF oPl;
Portmp 201 IFSAIF fN] ;
Po¡t¡Ep l.O9 [FstIF OPI;
Port¡Ép 193 IFSÊIF INI ;
PoltrEp LL', f FstIF oP: ;
Portmp 212 f FSEIF INI;
Poltmp 3s [FstIF oP¡;
Portmp 216 IFSEIF IN] t
Port¡Ep 36 IFSEIF oPl;
Poltmp 215 [FS''IF IN¡ ;
Polt¡Êp 103 IFSBIF oP¡ ;
Portrãp 196 IFSE¡F INL'
Portmp 114 IFSEIF OP] ;
Portmp 25'l IFSEIF IN¡;
Portmp 55 IFSEIF oP¡ t
Portmp 271 [FsEfF IN] ;
Poltmp 39 [FsElF oPI ;
Port¡Ep 2O'l IFSEIF IN¡ ;
Portmp 108 IFSEIF OP] ,'

Partmp 19S IFSÊÍF IN¡,'
Portmp 116 [FStfF OP] ;
Portmp 263 [FsEfF IN],'
Portmp 41 IFSEIF oP] ,'

Port¡Ep 218 [FsAIt INI ;
Poltmp 34 [FsEfF OP];
PortmÞ 195 IFSEIF INI ;
Poltmp 111 IFSEÍF OP¡ ,'

Portßp 199 IFSEIF IN] ;
Portmp 115 f FStIt OPI ;
Portrmp 282 IFSEIF IN] ;

Portmp
Portml)
Pof,tmp
Po!tmp
Portmp
PortGp
Portmp
Portmp
Portmp
Portmp
PortmÞ
Portmp
Portmp
Portmp
Portmp

comcct
comcct
comect
comcct
comcct
comcct
coNcct
comect
Comcct
comcct
coNcct
coNcct
comcct
comect
comcct
comect
coMcct
Comcct
comcct
comect
comect
comcct
comect
comcct
Comect
Comect
comect
comect
coucct
comect
comcct
canncct
connect
comcct
comect
connccÈ
connect
comect
connect
comcct
connect
comact
connect
connect

32 [Es8¡- oP¡;
194 IFSEIF INl,
118 IFSEIF OP];
188 IFSEIF IN];
LzO IFSE:IF oPl ;
2A0 [FsEfF IN];
30 ÍFSEIF OPI;
2'19 IFSEIF INI ;
31 IFSEIF oP];
192 I¡'SEI' IN];
L23 f FSEIF OP¡ ,'

191 IFSEIF INI;
119 IFSEIF oP];
190 IFSEIF INI;
L22 IFSEIF oPl;

283 21;
20s 105;
215 3St
261 43:
25L 56;
261 51,-
255 59,'
241 60;
243 64;
277 29;
2L3 97:
19? 113,-
2t6 68;
234 10;
213 31,
230 11;
265 t5:
2AL 33,
189 L2L;
244 61:
226 81;
222 85,
274 4L;
259 53;
252 6L;
269 49;
224 80,'
2L8 A2;
26Ã 51 t
23A 69,'
24O 1tt
239 14t
220 88 t
25A 65;
2L4 90;
216 94;
233 't8,
225 89,'
253 62,
2r2 96;
2L0 100,.
249 66;
24L 15,
232 83;
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cóm€t 245 79;
comeot 2tS 12;
comect 208 Lo2,
Comect 221 96,
comæt 221 9L;
comcct 246 58,'
Comect 2L9 93,'
Comect 228 s1 ;
comæt 229 94,
comæt 254 54;
Comcct zLL 99t
comæt 23,. 92,
Comect 248 52 t
Comect 260 50;
comcct 2L1 95t
comæt 209 101;
CoNæt 242 1Lt
Comcct 256 49 t
comæt 2oG 104,
Comect 202 106;
comæt 262 46t
comæt 266 42;
Comect 2O3 LO?;
Comæt 223 98;
comæt 231 16;
Comæt 250 63t
CoN€t 2o4 11o;
Comcct 200 Lf2;
com6t 265 44:
Comcot 27O {0;
comcot 2OL 109;
comcct 193 Lt1 ;
Comæt 212 38;
comcct 276 36t
coEæt 2]-S 1O3;
com6t 196 L7.4;
Comect 2s7 55:
comcct 21L 39;
comect 201 108;
comcct 19S 116,'
comcct 263 47 t
comcct 278 34 t
comæt 195 111 ;
comcct 199 115,'
Comect 252 32 ì
com6t 194 119;
comect 188 Lzo t
comæt 2S0 30,
comect 219 31,'
comcct L92 !23;
connect 191 119,'
comcot 190 L22;

EndDevfnst;

Devlnst IQ320 v2:

PortrÉÞ
Portmp
Portmp
Portmp
Port$p
Portmp
Portmp
Portmp
PortEp
PortrEtr)
Portmp
Portmp
Po!tmp
Port.m¡)
Portmp
Fortmp
Portmp
Portmp
PortrEp
Port¡E¡t
Portm¡)
Portmp
Portml'
Portmp
Portmp
Port¡Ep
Portmp
Portmp
Port$p
Portrap
Portra¡,
Port¡Ett
Po!tmP
Portmp
Portmp
Po!tmp
Portmp
Portep
PortmP
PortmP
PortmÞ
Po!tmp
Portmp
Po!tmP
PortmÞ
Portmp
Portmp
Portmp
Por t¡EIt
Po!tmp
Portmp
Portmp
Port¡Ep
PoEtmp
Portml'
Portmp
Po¡trEp
Portmp
Po!tmÞ
Port¡Etr)
Port.ß¡t

2s3 IFSED- IN];
5 fFSEIF oP¡;
L7 IFSEL- oP¡;
205 [EsEIt IN];
12 IFSEIF oP¡;
318 IFSEIF oPl;
215 IFSEIP IN],
2 [FsElt oPl;
25 [FsElt oP¡;
261 [FsElt IN];
1 IFSSL! oP];
29L IFSEIF oP] ,'

26L IFSSIF IN];
3L1 IFSEIF oPl;
299 [FstrF oP];
255 IFSEIF IN];
314 IESEI¡- oPl ;
307 [FsÉfF oP];
271 IFSEL* IN];
292 IFSEIF oPl;
319 [FsEIt oP];
2L3 [FsEIt IN];
16 IESEIÊ oP];
309 IFSEIF oP] ,
L97 [FsElF IN];
10 IFSEIF oP];
4 IFSEIF oP]:
273 IFSEIF rNl;
29O IESEIF oP];
3 IFSEIF oP],
265 IFSEL- INI;
285 IFSEIF oPl;
9 IESEIF oP];
2AL [FsEIt IN];
186 IFSEIÊ oP];
189 [FsEIt IN];
6 IFSEIF oP];
11 IFSEL= oP];
244 IFSEIF IN] ,'

313 IFSEIF oP];
316 IFSEIF oP];
214 IFSEIF IN] ,'

184 IFSETF oPl ,'

259 IFSEIF IN¡;
284 IFSEIF oP] ,'

15 IFSEIF oP];
2s2 IPSEI= INI;
2a6 IFSEIF oP] ,'

23 IFSEIF oPl;
269 [FsELc IN];
rA2 IFSE:IF oP] .'

264 (FSEIF rNl;
178 IFSEL= oP];
238 IFSEL= IN];
L76 IFSEIF oP];
240 [FsEIt IN];
310 IFSEI; oP];
0 IFSEL- oP];
239 IFSEIF INI;
306 [EstIF oP] ,'

? IFSEIF oP];
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Portmp 258 [FsEft INI;
Pott¡BÞ A12 IFSEIF OPt.'
Poltmp 231 IFSEIÈ INI;
Portmtr) 3O2 [rsEIF oPt;
PortmÞ 13 IFSEIF oP],'
Port¡$ap 225 [FsSf,- IN];
Portæp 30/¡ f EStIt oP¡;
Portmp 19 f ESEIT OPI ,
Port¡rt¡t 233 [TsULr IN¡,
Portmp 1?0 lfsEh oPl ;
Portrmp ?49 ITSEIF INI ;
Þortmp 164 (FSEIÊ oP¡;
Þoltmp 24I IFSEIF INI ,
PoltmÞ L62 IFSSIF OPI;
Þoltmp 232 lFsttt INI t
Portm¡r 169 [fStIF OPI ;
PortñaÞ 24s [PsgIF It¡¡;
Portaîap 165 [PstL- oPl;
Portmp 235 IFSEIË INI ;
Portmp 156 [FstIF oP] ;
Portmp 227 IESEIF IN] ;
Port-rmp 161 IFSEIF oP¡ ;
Po¡tmp 22L f FSTIF INI ;
Portmp 18 lFstft oPl;
Poltmp 301 IFSEIF oPl ;
Portel) 2L9 [fsEIF IN! ;
Port.mp 163 [FsEfF oPl;
Portmp 228 IFSEÍF INI ;
Portmp 150 IFSEIF oP¡ ;
PoltmÞ 229 IFSEÍF IN] ;
Portmp 20 IFSEIF oP];
Portmp 293 IFSEIF oPl;
Portmp 2ff- [FstIF INI;
PorÈmtr) 148 IFSEIF OP] ;
Portmp 23f [FSgIt INI ,
Portml) L44 IFSEIF OP] ;
Portmp 2I7 [FStfF INI t
Portmp 298 [FsEIt oP];
Portmp 281 [FsEft oPI;
Poltml) 2O9 IFSEIF fNl ;
Portmp 300 IFSEIF oP] ;
Poltmp 295 [FstIF oPI ,
PortGp 242 IFSEIF INI ;
Poltmp 22 IESEIF oP] ;
PortlBp 26 [FstfF oP¡;
Polt.Ep 2O3 ÍFSEIF INI;
Portmp 140 f EStr- OP¡;
Portmp 223 IFSS¡F IN¡;
Portmp 136 [FstfF oP] ;
Portmtr) 231 [FstLá INI ;
Polt.mp 24 [FstIF OP] ,'

Portßp 2gS IFSEIF oP] ;
Port¡EI' 250 [FsEfF INI ;
Portml) 28 [FSEft OPI;
Portmp 2L IFSEIF OPI ,'

Portmp 268 [FstIF INI i
Portmp 138 [FsEfF oP] ;
Portml' 270 IFSELÊ IN] ;
Portmp f32 IFSELE OPI ,
Portmp zot f FSEL= INI;
Portmp 294 IFSEL= OPL
Port.¡Etr) 303 [FsgIF OP] ;

Þortmp
Portmp
Port¡Ép
Portmp
Þortmp
Portmp
Eortmp
Portmp
PortrÞp
PortrËp
Portmp
Portmp
Portsp
Portmp
Portmp
Port.mp
Port.ep
Po!tmp
Portmp
Port.mp
Portmp
Portmp
Portmp
Portmp
Po!tmp
Portmp
Pottmp
PortGp
Portmp
Portmp
Portmp
Þo!tmp
Portmp
Portmp
PortmP
PortrBp
Po¡tmp

Comcct
coñccf
comcct
comcct
comect
Comeet
couect
comect
comcct
Comect
comect
comcct
Comect
comect
Comect
connect
Comcct
comect
connect
connect
comect
comect
coMect

193 IFSEI- fNl;
296 IFSEL- oP¡;
311 IESEIF oPl;
272 frsEIF INI;
134¡ IFSEIF oPl ;
216 IFSEIF INI;
128 IFSEL- oPr;
2LS IFSEIF INI;
130 [rsEIF oP] .'

251 f FSE:IF lNl ;
289 [fsAIF OP];
14 IFSEIF oP];
21L IFSEIF rñ];
305 [FsEIt oPl;
315 IFSEIÉ OP];
2O1 IFSEIF INI;
L26 IFSEIF oP];
263 [FsErJE IN] ;
297 [FsEIr oPl;
I IFSE:IF oP] ,'

2AO [FsAlF rN];
L24 IFSEÍF oP];
195 IFSEIF INI;
L81 fFsEL= oPl;
199 [FsErF IN];
180 [FsEIt oP];
282 IFSELÉ IN];
L74 IFSEIF oP]:
218 IFSE:IF IN] ;
L1L IFSEIF oPl;
279 IFSEIF IN];
308 IFSEIF oP];
3L2 IFSELæ oP] ,'

192 IFSEIF IN];
L61 IFSEIF oP];
191 f FSEIF INI ,'

146 [FsErF oP];

283 5 1?;
205 L2 318;
275 2 25;
26't 1 291;
26L 3L'' 299:
255 314 307,'
21'l 292 319;
2L3 16 309;
197 10 4t
2'13 290 3 t
265 2BA 9;
281 186;
1S9 6 11;
244 313 316;
2'14 184;
259 244 15,'
252 2a6 23 i
269 182;
264 1?8.'
23A L'l6;
240 310 0;
239 306 7;
2 5S L',l2 ;
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cont¡æt 233 3o2 7-l t
comæt 225 304 19,
Connæt 25t L?O;
Com€t 249 !64t
Camæt 24L L62 t
comæt 232 169,'
Comæt 245 165;
comæt 235 !56;
com€t 221 161,'
Connæt 22L 18 301,'
comÉÈ 219 L63;
corñæt 228 150;
comæt 229 20 293;
comæt zLI L{a I
comæt 21L !44:
comæt 2L7 29s 297;
Comæt 2Og 300 295,
Comæt 242 22 26,
connæt 203 140,
Comæt 223 136;
Comæt 237 24 2aS ¡

Comæt 25O 2g 21,
comæt 26A 138,'
comect 21o !32 t
comæt zOL 294 303;
connæt 193 296 311;
comæt 272 L34;
comæt 216 L2A;
Comæt 215 130;
Comæt 257 2Bg 14,
Comæt 27L 305 315;
Comæt 2O1 L26;
comæt 263 291 0;
comæt 2AO L24:
comcct 195 L81 ,
comcct 199 180;
comæt 282 174;
Comæt 21A l7I;
comcct 219 30S 3!2;
Cormæt L92 167 t
comæt 191 146;

EndDwlntti

Dcvlntt IQ320 Ir3,'

PortmP 267
PoltmP 2Sf
PoltmI' 26]-
Port:Ep 247
PortmP 255
Portmtr) 243
PoltlÉp 244
Polt.mtr) 236
PortmP 211
Port¡Etr) 234
Port¡alr 213
PoEt¡FI, 230
Port¡EIt 286
PoltmP 203
Port¡EI, 265

PoEtmp 226
Poltmp 259
Po=llmP-- 222
Port¡Ep 284
Portmtr> zLL
Poltmp 288
Portmp 2Lg
PortmÞ 252
Portmp 224
Portmp 28L
Portmp 218
Portmp 290
Portmp 221
Portmp 292
Portmp L92
Portmp 2?4
Port$p 220
PortmP 296
Polt&p 235
Portmp 269
Poltmp 2L4
Port.mÞ 264
Poltmp 27,6
Portmp 294
Portmp 24L
PortmÞ 258
Portmp 2fz
Portmp 282
Portmp 2LO
Portmp 300
Portmp 238
Portmp 298
Portmp 199
Portmp 304
Portmp 242
Portmp 302
Portmp 24O
Portmp 306
Po¡tmp 2O7

Po¡tmp 214
Poltmp 2OB

Portmp 310
PortmP 2Ls
Portmp 215
PottrBp 246
Port¡Ep 313
PortmÞ 223
Poltlup 31i¡
Portmp 193
Portmp 2SO

Portmp 254
Portmp 31?
Portmp 23L
Portmp 1
Portmp 2oI
Portmp 283
Portmp 24s
Poltmp 263
Poltmp 249
Portel' 25'l
Portmp 253
Portmp 2s0

FSBIF INI;
FSEIF oPI .'

FSE'IF INI;
FSE.IF OPI;

IESEL- oP¡;
IFSEIF INl,
IFSEIF OP¡,
IFSEIF IN];
IFSEIF oP];
IESEIF IN];
ÍFSEIF oPl;
[FsEfr INI ,'

IFSEIF oP];

[FsEIt INI ,'

[FstIF oPl;
[FsE:It IN] ;
[FstlF oP];
[FsEtF INI;
[FsEfF oPl;
IFSEIF IN];
IFSEIF oPl;
IFSÊIF IN] .'

[EstIF oP] ,'

IFSEIF IN] ,'

IFSEIF IN¡;
IFSEIF oP] t
IFsE:fF INI ,'

lFsElF oPl,
IFSEIF IN];
IESEIF OP];
IFSEIF INI;
IFSEIF oP],
lFsEIr lN¡;
lFstrF oPl;
IFSEIF IN¡,
[FsEÞ oP];
[FSEL- INI;
IFSEIF oP],
fEsEL- INI;
fFsEtF oPl;
IFSE:IF IN] ,'

IFSEIF OP];
[FsEfF IN];
IFSEIF oPI;
[FsEllF IN] ;
IFSEIF oP¡;
[FsElF IN];
[FsEfF oPl;
[FsEIr INI;
IFSEIF oP];
IFSEIF IN],
IFSEIF oPl;
[FsElr IN];
[FsElF oP];
IFSEIF IN] t

IFSEIF OPI;
IFSEIF IN];
IFSEIF oPl ,'

IESEL- IN];
IFSEIF oPI;
IFSEIF IN] ,

IFSEÞ OP¡,
IFSELÊ IN],
IFSEÞ OPI;
IFSEIF rN];
IFSEIF oP¡;
IESEIF INI;
IFSEI* oP];

FSEIF INI ,'

IFSEIF oPl;
IFSEIF INI;
IFSEIF oPl;
IFSEIF IN];
lFsElF oPl ;
IFSEIF IN];
IFSEIF oP];
IFSEIF lN];
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Þoltmp 206 IFSE¡F oPl;
Poltmp 216 IASEIF INI;
PortÍâp 202 flstlt oPl;
Portmp 21I [EsElÊ INt;
Portmp 2A5 [FstIF oÞ¡ ;
Portmp 219 IFSEIF rNl ,'

Portmp 232 [FstIF oP¡ ;
Portmp 2 IFSEIF IN] ,'

Poltmp 229 IFSEI¡ oPl;
Portmp 5 IFSEIF INI;
Port¡Ep 209 f FstIF oPl ;
Pottmp 212 IFSEIF INI;
PoltmÞ 204 [FstIF oP¡ ,
Poltmp 27O IFSEIF IN] ;
Portmp 2O0 IFSEIF oPl ;
Portmp 6 IFSEIF IN] ;
Poltmp 237 IESEIF OP¡ ;
PorLmp 10 IFSE:IF IN] ;
Portmp 229 IFSSIF oPl;
Partrap 12 IFSEIF fN¡;
Portmp 22L [FslÛ- oPl ,'

Portmp 16 [FsEfF IN] ;
Portmp 2]-3 IFSEI¡ oPl;
Poltmp 18 IFSEIF IN] ;
Portmp 2!1 [FstIF oP¡ ;
Portmp 269 [EstIF INI;
Portmp 196 IFSEIF oPl ;
Portml) 20 [FstIF IN¡;
Portmp 225 IFSEIF oP¡;
PortmÞ 266 [FsEIt INI;
Portmp 198 f FsE.ft oP¡ ;
Poltmp 22 [tr.SgIF IN¡;
Portmp 2O5 IPSEIF OP],'
PortraÞ 2e9 IFSEIP IN¡;
Portmp 191 IFSEIF oPl;
Portmp 297 IFSEIF IN¡ ;
Portmp 233 [FstfF oP¡ ;
Portmp 305 IFSEIF IN] ,
Po¡tmp 189 IFSEIF oP¡ ,'

Poltmp 262 [FstIF IN¡;
Portmp 194 f FSEIF oP¡ ;
Portmp 260 IFSEIF INI;
Portmp 189 [FstIF oPl ;
Portml' 308 [EsÊIË IN] ,'

Poltmp I91 [FstIË oPl ,'

Polt.mp 3L2 IFSEIF IN¡;
Portmp 239 [FsE^f.F oP];
Portmp I [FstIF INI ;
Portmp 195 [FstIF oP¡ ,'

Portmp 256, IPSEIF INI ;
Port$p 190 IESEIF OP¡ ;

Comcct 261 251:
Comect 26L 247 ;
Comcct 255 243;
comect 244 236;
connect 277 234;
comect 213 23o;
comect 246 2O3:
connect 265 226;
comect 259 222 :

Comect
Comcct
comect
comcct
Comcct
Comect
Comect
comcct
Comect
coMcct
Comect
comcct
comcct
Comect
comect
comect
comcct
comcct
comcct
coMcct
comect
comcct
comect
comgct
comccÈ
Comeot
comcct
comcct
comcqt
comcct
comcct
comcct
comcct
comcct
Comect
comccÈ
comcct
Comcct
comcct
comcct
comcct
comcct
comect
comect
comect
comect
comact
CoMcct
comect
comcct
Comcct
connect
Comect
connect
connect

2s4 2ILì
2eg 2I9i
252 224;
281 2lA t
290 221;
292 

'-92,214 220;
296 2t5;
269 2L4,
264 2L6t
294 24L:.
258 2L2;
292 2L0:
3OO 238 t
294 199;
304 242:
302 240;
306 2O1 t
278 208;
310 2L5:
275 246;
313 223;
314 193;
2AO 254,
3L7 23L;
I 20L,
2A3 244;
263 249;
251 253:
2AO 206;
216 202;
21L 245;
279 212;
2 224:.
5 209;
272 2O4t
210 2O0 t
6 237,.
10 229;
t2 22L;
16 2L3;
18 2t7;
268 196,'
20 225;
266 198,'
22 205;
2A9 191.'
297 233;
30 5 189;
262 194,
260 188;
308 L97;
3L2 239t
I 195;
2A6 190;

EndDevlnst;


