CONVERGENCE OF TELEPHONY, ENHANCED TELECOMMUNICATIONS, PRIVATE
DATA NETWORKING, AND THE INTERNET INTO HYPERCOMMUNICATIONS:
IMPLICATIONS OF S.MIAMI-DADE COUNTY INFRASTRCTURES FOR AGRIBUSINESS

For Agricultural Land Retention Study Project

By

DR. DEAN G. "GORDY" FAIRCHILD, Ph.D.

FOR THE FLORIDA AGRICULTURAL MARKET RESEARCH CENTER
FOOD AND RESOURCE ECONOMICS DEPARTMENT
INSTITUTE OF FOOD AND AGRICULTURAL SCIENCES
UNIVERSITY OF FLORIDA

April, 2001



TABLE OF CONTENTS

page
ACKNOWLEDGMENTS.....ccot ittt sttt sae st s te e e e e e seesessessestessenseneeneenens i
N = I 7 1 SRS i
ABSTRACT <ttt bbbt h Rt bt bR E e et e e Rt bt bR b e e e e enes ii
LIST OF TABLES ...ttt bbbttt ettt b ettt iX
LIST OF FIGURES.........oooi ettt sttt stesse st e nte e eneeseeseesessessensensensenennens Xii
EXECUTIVE SUMMARY ..ottt sttt st bbbt nne s b 1
SECTION 1: INTRODUGCTION.....citiiiiiriinieieieieesesie sttt seesnas 12
L@ Y1 YT S 13
SECTION 2: IMPORTANT UNITSAND TERMS......ooo e 16
2.1 EIeMENtary UNITS .....ccecieie ettt sttt sttt st et sreentesne e e e stesnaennenrn 17
2.1.1 Prefixes, BitS, @0 BYLES.......cooiiiee ettt 17
2.1.2 Digitization and Digital .........ccccooeeiiiieiere e e 18
2.2 Bundling and Other Units of HypercommuniCationsS............cccevvveeveseeeesieseeiesseseesee e 21
2.2.1 Hypercommunications BUNAIING .........cccceiiieeieii e 21
2.2.2 Other HypercommuniCation UNITS.........ccooivieiiiieereseee e 24
SECTION 3: MARKET BOUNDARIES. ...t 27
3.1 Homestead-Area Hypercommunication Marketplace Boundaries...........cccoovvveveeieieenenne. 29
3.1.2TechniCal BOUNGAIIES ......ccueeiueeiiecieectees et ee et et te et ee et te e be e s te e sreesneeenne s 29
3.1.2.Palitical and Regulatory BOUNCANES ..........ccceeceiieeesieiiesie et 42
3.2 The Meaning of Market Boundaries to TWO AgribUSINESSES.........cccccevereeveieeieese e 52
SECTION 4: CHARACTERISTICSOF S. MIAMI DADE HYPERCOMMUNICATION
INFRASTRUGCTURES........oititieee ettt sttt st sttt 55
4.1 Rural, Infrastructure, and UNiversal SErVICE.........ocvevvieece i 56
4.1.1 DEfiNItIONS Of RUFEL ........eeeieeieecie ettt et eae e e e 57
4.1.2 Universal Service and UNiVErsal ACCESS.......cciveiiereeiieeriesieeeesteesteesesstesseeseesee s 61
4.1.3 Infrastructure DIMENSIONS .......ccvieeiiiiiceese st e et s sa e st e e e sresreeaenne e 65
4.2 Statistics Used to Characterize Wireline InfrastruCtures .........cocvvveveveeceve e 70
4.3 S. Miami-Dade Wireline Infrastructure StatiStiCS..........cceeerveeeiineeeseeee e 76



4.3.1 Demographics of S. Miami-Dade Telephone Exchange Area...........cccvveeeveceecnennn, 76

4.3.2 S. Miami-Dade Agriculture by Zip Code........cooviveeiiiceeiese e 80
4.4 S. Miami-Dade Wireline Infrastructure StatiStiCS..........cceeerveeerineeereeee e 88
4.4.1 Infrastructure Statistics for Entire EXchange Areas...........cooceeveerenenenesesicseeeeen 90
4.4.2 CIUSLEr |EVE] BNAIYSIS....ccoiiiieciecieceeie sttt sttt e e s tesreenaenne s 93
4.4.3 Examples of currently planned wireline infrastructure upgrades.............ccoceeeeveenee. 101
4.5 Summary of Characteristicsfor All Infrastructure TYPeS.......cccvvvecereveecene e 102
APPENDIX 1 AGRIBUSINESSHYPERCOMMUNICATION NEEDS.........ccccccvinirienn. 104
A1.1 Hypercommunication Needs Based on the Uniqueness of Agriculture............cc.cc...... 106
A1.2 Hypercommunication Needs Based on Competitive SIrategy ..........coovvrerenereeieeinnnnns 120
A1.3 Needs Based on Vertical and Horizontal Coordination and Integration........................ 126
A1.4 Hypercommunication Needs Based on Specific Inputs, Crops, Product or Customer
L0 == ot [ oSSR 140
A1.4.1 Importance of Hypercommunications as an Input by Marketing Function ............ 140
A1.4.2 Needs Based on Specific Product CharaCteristiCs.........cccovvveeviiecceeseseese e 144
A1.4.3 Needs Based 0N SPECITIC CrOPS. ...ccvieeeiieeere et seeeee e 146
A1.5 Hypercommunication Needs Based on Firm Size and Marketing Area..........ccccceenee 148
APPENDIX 2: HYPERCOMMUNICATION CARRIERSIN S. MIAMI-DADE............... 151
A2.1 Hypercommunications Supplier Market StrUCLUre...........c.ooeeiirienenene e 154
A2.2TheTelco Suppliers: ILECS, ALECS, and IXCS.......cooiiiienrreeene e 156
A2.3 Cablecos and Electricos: Cable TV and Electric Utility Suppliers........cccooevevereennenee. 162
A2.4 Internet Providers: NSPS, ISPS, and OSPS.........cccoiiiiniiieeeeeesese e 164
A2.5 Mobile Terrestrial Wirel €SS ProVIAErS ......cccooieeeieiieeeree e 168
A2.6 Terrestrial Fixed WireleSS ProOVIGErS. ..o 171
A2.7 SAEIITE PrOVIOEIS ...ttt ettt 173
APPENDIX 3: PRICES, COSTS, AND BUYING STRATEGIES.......ccccooviiereeeeeeeen 175
A3.1 Guiddines for ChooSING @ CaITIEN ........ccceeveiiieesiiiere e sttt nee e 176
A3.2 Components of HypercommuniCation PriCES...........cevviiieereseeie e ceesie e 177
A3.2.1 Future Price Expectations: Buyer's Market or Seller's Market ..........ccccevvveecennne 179
A3.2.2 Difficulty of Finding Pricing INfOrmation .............ccoooeeeoiieeiinieese e 181
A3.2.3 C&I: CPE purchases and Installation COSES........cccoovvieeieieiieiiieceese e 183
A3.2.4 Access Charges: Recurring and Variable .........cccoeov e 184
A3.2.5 Trangport Charges: Recurring and Variable ... 185
A3.2.6 Taxes and REQUIGLOTY FEES..........ciiiieeieii ettt sne s 187
A3.3 Hypercommunication Strategies for AgribUSINESSES .......ccccevvveeceve e 193
A3.4 Average Prices and Typical Costsfor Several SCenarios .........ccoecevveeereneeceneseesen e 196
A3.4.1 Cost Sengitivity Dy CUSIOMEYN SIZE.......ccoooiiiieiiie e 197
A3.4.2 Pricing Based on Customization or Prioritization ............ccccceeevveecevvseeseseecieenns 199
A3.4.3 Pricing Based on Bandwidth AIONe............ccoiiiiiiiiieee e 200
A3.4.4 Convergence among SErVICE ClaSSES........cccuiiiiririnererieie e 202

APPENDIX 4: BELL SOUTH REMOTE TERMINAL LOCATIONSIN S. MIAMI-DADE204

TECHNICAL APPENDIX 1. HYPERCOMMUNICATIONS DEFINITIONS AND
LIMITATIONS ..ot r e e r e sr e e e sne e e e nesne e e 208



Hypercommunication: the Foundation of the Information Economy ...........cccccceveeeveieennnee. 210

Definition of HYpercOmMmUNICALION. ..........ccieeieiieiesie ettt nre 210
Two Traditional Communication Models: Interpersonal and Mass..........ccccecevviveennne 211
The Hypercommunication Model Succeeds TelecommuniCation.............ccocvveverenreneeenne 213
Comparison of Telecommunication with Hypercommunication.............ccccceveeeeveseeneenee. 218
Some Limitations of the Use of Hypercommunicationsin the Information Economy ........... 221
Other Aspects of "Unlimited” COmMMUNICALION .........ccoeeieieierr e 223
Unlimited data through boundless bandwidth ... 224
Unlimited COMPIEXITY ....cveiuieeeieiiece ettt e e snesreeaenre s 225
Limited AUGIENCE ... .oeeeeee ettt st e st e re e te e et estesneeseeseeeneeneeas 227
Limiting gEOGIapNY ......ccouiiuiceeeie ettt et sreeaenre s 227
Unlimited time through compressed tiMe..........ooveeieieere e 229
TECHNICAL APPENDIX 2: TELEPHONE NETWORKSVERSUS COMPUTER
NETWORKS ...ttt sttt ae st e e e e e e seeseeaeste st e nse e eneenennenrennan 232
Technical CharacteristiCS Of the PSTN ..o 232
Technical Characteristics of Computer NEWOIKS ........c.ooviieiinieireee e 239
Four Components Distinguish Computer Networks from the PSTN .........cccooeiiieeienens 239
Computer Network Uses and Service PrimitiVES .......cceccvieeeevecece e 241
Technical Network ODJECHIVES .........ccuv e e 243
Six Economic Generations of ComMpUter NEIWOIKS..........ccooreiirereniereeeeesesesesre e 245
CentraliZEO NEIWOIKS .......couiiieieiieie ettt sttt 248
Early LANS: Peer-to-Peer NEtWOIKS ........ccviieieiicece ettt 250
Later Client-Server Networks: LANS and WANS ..o 252
Distributed Client-Server NEIWOIKS .........coi e seeeee e 256
INEEI-NEEWOIKS. ..ottt se et 258
SUMIMIBIY ...ttt e e e e e s s r e e e e s r e e e e s e s Re e e e sE e e seen R e sre e e e snenanenresmeennenreennenre s 260
TECHNICAL APPENDIX 3: BANDWIDTH, SPEED, AND QOS.......cccoovviireeieieeneneens 263
Bandwidth and QOS (Quality Of SEIVICE) ......cceeviiieiece e 264
The Relationship of Bandwidth to Bitsand Speed.........ccccovveeieiieir e 265
Ingredient 1: SigNal VErSUS SOUICE...........ciuiirirreriereeeeeiesie et 266
Ingredient 2: signal transmission teChNOIOQY .........cccocviieieieeie e 275
INGrEdient 3: SYMMIELTY .....ccvi ettt st e s ae e e besaeesaesreenneneeas 279
Computer Modems: Bandwidth and QOS..........ccooiiiiiiieeeee e 279
Summary of NOW MOAEMS WOTK .........ccoiriiiierieieeeeeee e 283
MOdEM PEITOIMANCE......c.ei ittt s e e et e s re e e e te s e e saesreennenreas 286
QOS ReferenCe MOUEL .........oce et e te e re e reenreens 289
Six parts of the QOS referenCe MOUE! ...........ccoiiieieiiieeer e 291
Fifteen DIimensionS of QOS.........ceiiiiiiieieete ettt et e be e st e e saeesareenre s 295
QOS N PraCliCe ...cveeitee et ettt sttt te e st e et e e s beesaeesabeebeesbeesbeesaeesasesabesnteenbeesseens 300
SUMIMIBIY ...ttt r e e s s re e e e s r e e e e R e e Re e e e eE e e me e s Resre e s e snenanesresmeenrenreennenreas 310
TECHNICAL APPENDIX 4: WIRELINE TRANSMISSION TECHNOLOGIES AND
INFRASTRUGCTURES........oot ittt sttt nae s 313
LAY =TT 0] o L R 314
(O] o] 0. USSR 316
COBXIAl CAIE ...t 317

Vi



Properties of CONAUIL..........coiieeiiiiee et sreeaenre s 321
The Telephone INFIaSLIUCLUE ........cc.oii et e 324
Cable TV Infrastructure and Dark Fiber Networks..........ccooeoeriieeieneeeeeee e 333
Data and Voice Transport, Fiber Optic BaCckbOnes...........cccveveiviecciiice e 340
TECHNICAL APPENDIX 5: WIRELESS TRANSMISSION TECHNOL OGIES AND
INFRASTRUGCTURES.......ootiiiireteeee ettt sttt enreneas 342
Wireless REFErENCE MOUE .........coiiiiiiirieie ettt 343
Technical overview of electromagnetic SPECEIA..........cecevvreerereeere e 349
Terrestrial Wireless TEChNOIOGIES ......ccviivieeeieee et 362
SAtellite TECNNOIOGIES. ......eciiieieeee ettt et s ee e s tesaaestesreennenre s 368
WITEIESS QOS..... oottt ettt sttt ettt sbe e s be e s bt e s ab e s st e st e s beesbeesbeesaeesateeabeesbeesbeesaeesanes 375
TECHNICAL APPENDIX 6: SUPPORT SERVICES, FACILITATION, AND
CONSOLIDATION TECHNOLOGIES........ccoiiiiieiieienreesieeste s 377
SUPPOI SENVICES ....veeeeiecieete st eee sttt e st s et e s e e te s be e e e teeaaetesteessesbesseensesaeensessesnsensesreensensens 378
Protocols and Standards for Hypercommunications Networking..........ccooceeevvreeeenenccenenee. 379
Voice-Data Consolidation TEChNOIOGIES.......ccviieiiieeese e 386
SERVICESAPPENDIX 1: THE TRADITIONAL TELEPHONY MARKET ......ccccoevneee. 390
The Purpose of the Four ServiceS APPENTICES ......c.oieeeereeeere e 390
Plain Old Telephone Service (POTS) ..o 391
Traditional Telephone Services (POTS).....oiieiviieeese ettt e 393
Traditional Telephony Access Technologiesand CPE ... eeece e 406

SERVICES APPENDIX 2: THE ENHANCED TELECOMMUNICATIONS MARKET .410

Overlap between POTS and Enhanced TelecommuniCations............ccoevvveeveeseneesesieesiennens 410
Enhanced TelecommuNIiCatioNS CPE ............ooieiiiieiere e 413
Call Center & AIN INFIASIIUCTUIE .......oeiieeeee et ee e 424
DEAICALEU CITCUITS. ... eveiteeiriesteieee ettt sttt ettt b bbbt e e e s 428
Digital Dedicated Circuits (DS-0, T-1, T-3) ...eciiiiieeriiiese et 430
X-DSL: Varieties of Digital Subscriber Line TechnolOgies...........covvveeeennseennne e 435
Other Dedicated CirCUIT SEIVICES .....c.eieereeieeie st eeesie et see st seesee e e see e eneeeees 444
Circuit-Switched Digital CONNECLIONS..........ccvieerieiiceese e ae e 447
Enhanced Mobile Telecommunications: Digital Cellular and PCS............cccoooiiiiiiieiennee. 449
Paging and Wirel@SS MESSAgING .......coueeeeruerieeeeneesieeeeseeseereesteeeeseesseesessesseeseesneeneessesneeseesees 453
SERVICES APPENDIX 3: THE PRIVATE DATA NETWORKING MARKET............... 457
Similarities and Differences of Private Data Networking with Other Service Classes........... 457
NEtWOIrKiNG EQUIPIMIENL.......oiueeiieeeeeeie ettt eeseesre e e snesseeneesneeneeseesneeneeneas 463
PaCKEt-SWITCNEA SEIVICES .....ceiieieirieere ettt 464
Cell-Switched Networks: ATM Technology .......cccoiveeeiiiieiiceeese e 470
SONET and Fiber OptiC NEtWOIKING. ......ccriiirierierieieieeee s 472

SERVICES APPENDIX 4: INTERNET ACCESSAND RELATED SERVICESMARKET476

Vii



Internet ACCESS aNd TIaNSPOM.......ccveiueireeie st eeese et et e et e s e sreetesre e e ste e eneesresnnennenras 480

Domain Names, |P Addresses, and Web Site HOStING........cccoceeiereieecesc e 485
Domain Names and [P AdAreSSING.......cocerreeereiieiesesee et seeeee e 485
WEDSITE HOSHING. ..ttt ettt sttt et st et e see e e e seesreensesneeneeee e 488

VPNs and Convergent APPlICaLIONS.........c.eivieeieiiceese sttt nes 495

New Media: Broadcast and Content DElIVENY .........oooiiiiieie e 504

SUMIMIBITY ...ttt r e e s re e e e s r e e e e s e s Re e e e eE e e me e s Resre e e e snesanesnesmeenrenreennenre s 505

STATISTICAL APPENDIX: SIZE OF AGRIBUSINESS COMPLEX.......cccoeiiniincinnnn 509
Location and Composition of Florida's Agribusiness Complex ........cccooeeeveiienrieenennnns 509

Methodology for Multiplier Data on Hypercommunications and Horizontal-Vertica

1100 = 11 o o S 521
Needs Based on Specific Inputs, Crops, or Product Characteristics, Empirical Data........ 525

KEY TO ABBREVIATIONSAND ACRONYMS.....ooiiiiinenenenesie s 532
BIBLIOGRAPHY, LIST OF REFERENCES..........ccooiiiiicneeeeere e 544

viii



LIST OF TABLES

Table page
Table 1: Questions and topics covered in main report and Appendices 1 through 3. .................... 3
Table 2: Questions and topics addressed in the apPENdiCES. .........cccevvvieve v cie s 4
Table 3: Strategiesto profit from CONVEIGENCE. ..........cccveveieeie e 5
Table 2-1: Twelve essential terms with their location inthetext. ..o, 16
Table 2-2: SI commON MELFTC PrEfIXES. ......eoiiiieee e 18
Table 2-3: Hypercommunication bundle ingredients (trading Units). ..........cccccevvvieeveveceeeseseenn, 25
Table4-1: Various definitionS OF FUAl. ..o 59
Table 4-2: Seven policy bases Of UNIVErSal SEIVICE. ..o 62
Table 4-3: Infrastructure by service type and transmission technology. ........cccccveeevieivccecescenen. 67
Table 4-4: Average Incremental Costs (AlCs) of variousinfrastructure constructions. ................ 69
Table 4-5: Florida ILEC loop length, density, and cost data (Statewide). .......cccooveeeerviveeeneneenen. 71
Table 4-6: BellSouth loopsin Florida by density zone (thousands)..........cccoeceveeieeceiecveeceseenen, 73
Table 4-7: Details of S. Miami-Dade CO serving areas, 1990 CENSUS.........ccevverrereerieieeieesieseenens 78
Table 4-8: Details of S. Miami-Dade CO serving areas for 1990 CENSUS..........ccoerververeeiererereenne 79
Table 4-9: List of zip codesin project area with population and exchangesincluded................... 82
Table 4-10: Switch location and S. Miami-Dade CO serving areas by zip codes............cccveeueee. 83
Table 4-11: 1997 Census of Agriculture farm numbers by zip COdes..........ceeevvreneieeceseeeenee. 84
Table 4-12: 1997 Census of Agriculture farm numbers by total sales, tenancy, and principal
occupation in S. Miami-Dade Zip COUES.........ccuiimiiiiiese e 85
Table 4-13: Number of farms by market value of sales category........c.ccevvvveeceveceece e, 86
Table 4-14: 1997 Number of farms with harvested cropland by category ..........ccoccevvvieeerercenen. 87
Table 4-15: Comparison between 1990 census and HCPM ..........cccovieeiiieeiesc e 89
Table 4-16: Area code and prefix (NPA:NXX) assignments for S. Miami-Dade CO serving areas91
Table4-17: TypeS of [INESDY CO ... 92
Table 4-18: Details of S. Miami-Dade CO SEIVING @rEaS...........ccieirereereeiereresiesressessesseeeesessennes 93
Table 4-19: Descriptive statistics for CluSters by CO ......ovvvieviiiice e 94
Table 4-20: Special Access UNE wholesale costs by CO, per DS-0 (64 kbps, ALE) ................... 97
Table A1-1: Unique characteristics of agriculture result in agribusiness hypercommunication
0157 o SRS TRPTR 108
Table A1-2: Stagesin the agricultural marketing chain...........ccccovvieeceic e, 129
Table A1-3: Total (direct and indirect) communication requirements for various agribusiness-
related industries (per dollar of output delivered to final demand). ..........cceevvvvievvieennns 139
Table A1-4: Share of production inputs represented by hypercommunications for various
SEgMENS OF BGITDUSINESS ..ottt 142
Table A1-5: Customer or product characteristics that increase the importance of
NYPErCOMMUNICELIONS........cviiiicieciecee ettt st et e ae e resreensestesnaesesreennens 144
Table A1-6: Possible hypercommunication implications on specific crop sectorsin Florida......147
Table A1-7: Hypercommunication needs based on firm size or marketing area...........cccccceeeeee. 149
Table A2-1: Overview of Hypercommunication SUPPIIErS........ccevvreeieiecieere s eee e see e e 153



Table A2-2: LATAs and area codes served, total access lines, for FloridaILECs........ccccoe....... 158

Table A2-3: Twenty leading Florida ALECs, ranked by ALE and NPX assignment weights.....159
Table A2-4: Services permitted according to FPSC certificate type.........coovvererereneieeiinenennens 160
Table A2-5: TOP FIVE FlONAa X CS. ...ttt 162
Table A2-6: Florida cablecos with cable modem deployments...........ccccovveveeveiicceseseese e, 163
Table A2-7: ISPs serving at least part of Florida area codes, 2000...........ccooerereerenenceennneeens 165
Table A2-8: Top ISPsin Florida, 2000 ..........coeeoeieeiereieeese e seeseeeneens 166
Table A2-9: OSPSIN FIOMTA .....ooveeeieieieieri st nee e 167
Table A2-10: NSPs (backbone providers) with major Floridahubs. ...........cccccooveieiiicieiiiees 168
Table A2-11: Leading mobile terrestrial wireless carriersin Florida...........ccoooviveiineiieinieeenne 170
Table A2-12: Leading upperband terrestrial fixed wireless carriersin Florida, licensed spectrum.171
Table A2-13: Fixed high-speed wireless providers (unlicensed Spectrum)...........ccceeveveeveceenns 172
Table A2-14: Leading satellite carriers serving (or expected to serve) Florida. ..........cccccveenne. 173
Table A3-1: Guidelines for ChoOSING @ CarTie .........cceoiiierereeiere e ee e see e 176
Table A3-2: Components of hypercommuniCation PriCES.........covevvieeieieeieene s eee e sresreenens 178
Table A3-3: Examples of common C& | ChargeS........cooviieieieiiese e 184
Table A3-4: Examples of four kinds of costsin conceptual mode.............cccoeeiieienencennncceenne 186
Table A3-5: Non-tax mechanisms: regulatory charges and fees.........cccovvviveeiiiece s, 188
Table A3-6: Taxes and charges paid to government on hypercommunicationsin Florida. ......... 189
Table A3-7: Costs to businesses of taxes and regulatory Charges. .........cocveceeereereneeceeseseeene 192
Table A3-8: Initial situation, cost sensitivity by cUStOMEr Size..........ccooceiieieeiinieeereeere e 198
Table A3-9: Finding the switching point, cost sensitivity by customer size..........cccccvvcvevvveennnne 198
Table A3-10: Average pricing by bandwidth for business services by technology ..................... 201
Table A3-11: Complex pricing of initial situation (before convergence among service classes) 202
Table A3-12: Pricing after convergence among SErVIiCE ClaSSES ......oovevvieieereieecee e sieeaens 203
Table A4-1: Location of current and planned Bell South remote DSL terminals, S. Miami-Dade204
Table TA1-1: Elements of hypercommunication compared to telecommunication..................... 219
Table TA2-1: Comparison of technical network charaCteristics. ........ccccvvveveveiiece v, 261
Table TA2-2: Comparison of economic network characteristics. ........ccovvveveviiieceseneece e 262
Table TA3-1: Mapping from source domain to signal domain. ..........ccccevveeeereneeneneneese e 269
Table TA3-2: Bandwidth and QOS measures with which it is most often confused. .................. 273
Table TA3-3: Fifteen QOS diMENSIONS......cceeiiieiieeiiecre ettt steesee e b reeebeesbeesbeesreesaneenneens 296
Table TA3-4: Importance of various QOS diMENSIONS...........ccoererierieieeeserese e 301
Table TA4-1: Copper twisted-pair Wire CaLEQONES. ......c.eiueeeeriereerierieeenieeeeee e eee e see e seeeneens 317
Table TA4-2: General types of optical fiDEr. .....ccccv e 320
Table TA4-3: Summary of wireline conduit capacity, cost, and distance...........ccccceveeeevesieennnns 323
Table TA4-4: Telephone transport hierarchy: AT& T exchange classes. .......cooovveevveecereieeenne 326
Table TA4-5: Copper access technologies that use the telephone plant. ..o, 330
Table TA5-1: Mobileterrestrial wireless teChnOlOgies..........ccvvveveieeiiie e 364
Table TA5-2: Terrestrial fixed wireless access and local networking technologies.................... 365
Table TA5-3: Mobile and fixed satellite technolOgIes...........covieiiieeee e 370
Table TAS5-4: QOS dimensionS and WITEIESS. ........ccoueeciieiiieiteeciee et eeteesteesteesreesanesaneens 376
Table TA 6-1: Important standards and ProtoCOIS. ..........ccceeueieiieve s 383
Table SA1-1: Traditional tel€PNONY SEIVICES. ......ccveiieeierirere et 395
Table SA2-1: Sections of Services Appendix 2, enhanced telecommunications market offerings.413
Table SA2-2: Enhanced telecommuniCationS CPE. ...........ociiiiiineieseeesese e 414
Table SA2-3: AIN CO technologies advanced telephony features and call center services......... 426
Table SA2-4: Dedicated circuit services (voice and mixed voiCe-data)............couerververeeienieniennens 429
Table SA2-5: VarietieS Of DSL SEIVICES. ....ccciiiiriirieieirisie sttt see s 439
Table SA2-6: Circuit-switched digital SEIVICES..........coveiririiiiierieee e 448
Table SA2-7: Wireless Mobile deVICES. ......coo e 452



Table SA3-1: Elements of the private data networking market covered in Services Appendix 3.459

Table SA3-2: Computer network generations and physical layer connections..............cccccvvveennene 462
Table SA3-3: Private data networking €QUIPIMENT. .........cocriiirerinieieeeesesese e 463
Table SA3-4: Packet-switched private data Network SErviCes..........coeovveeirenenenesceceeeeeie 466
Table SA3-5: OC (Optical Carrier) SDH (Synchronous Digital Hierarchies). ..........cccccevvvveenen. 473
Table SA4-1: Internet services and teChNOIOGIES. .........ccvviriiirereeeeee e 479
Table SA4-2: Methods of buSINESS INEENEL BCCESS. .....cvviuieeerieeere e 482
Table SA4-3: P VErsSion 4 a0drESSES. .......ccviiieriinierieeeieisie sttt nee s 486
Table SA4-4: Pricing and costs for Web hoSting. ........ccoviveeiecesc e 493
Table SA4-5: Alternatives to the PSTN: convergent |P voice technologies. ...........ccccoeeienennene 500
Table SA4-6: AT& T STIVEVOIP CAEUONES. ...ccuveiveceeeiecieeie et sre e 501

Table SA4-7: New media: broadcast, multicast, and other content delivery technologies. ......... 505
Table STAT-1: Florida counties among the top 100 ranking counties nationally (for value of

agricultural products or for value of nursery and greenhouse Crops) .......ccocceeereeereereereenen 515
Table STAT-2: Florida counties among the top 100 ranking counties nationally (for value of
vegetables or for value of frUits).......ccoviveieiiiie e e 516
Table STAT-3: Ratio of upward to downward communications in various agribusiness-related
10 LU L= PSSP 523
Table STAT-4: Hypercommunication needs and related market implications of the top five input
sources, livestock and liVeStOCK ProUCES.........cocviieeeere e 526
Table STAT-5: Hypercommunication needs and related market implications of the top five input
sources, other agricultural products (NON-HVESLOCK).........cccveiieeeereceeece e 527
Table STAT-6: Hypercommunication needs and related market implications for the top five input
sources, forestry and fishery products Nationally ............ccooeveeeeniieieneeee e, 527
Table STAT-7: Hypercommunication needs and related market implications for the top five input
sources for agricultural, forestry, and fishery services nationally ...........cccccevvvvevececenen. 528
Table STAT-8: Hypercommunication needs and market implications for the top five input
sources of the food and kindred products industry nationally. ..........cccccceveeeveiiccececeennn, 529
Table STAT-9: Hypercommunication needs and market implications of the top five input sources
of the agricultural fertilizers and chemicals industry nationally...........ccccceoeiiiiiinncncenn. 531

Xi



LIST OF FIGURES

Figure page
Figure 1: Satellite VIeW Of ProOJECE @rEaL.......cocviuieeeeiiee et enee 6
Figure 2: Project area with telco switches (triangles) and 36,000-fO0t riNgS. .........ccceevveeeeresieennns 8
Figure 3: South Miami-Dade common carrier fiber optic mileage. .........ccoooveveeveieeveveeeveceen, 9
Figure 4: Various wirel €SS tOWerS in ProjeCt @rEa. ........cccveeeveereeeereseeeesie e 10
Figure 3-1: Boundaries can be local, access, or transport [evel. ........ccoooeveveeve e, 28
Figure 3-2: Mobile two-way wireless data coverage in SE US.........cccooeviieece e 31
Figure 3-3: TWO-Way Paging COVEIragE @IEBS. ......cceverueererrieeeerteseeeneesseeeessesneessesseeneessesseensessesneenes 32
Figure 3-4: Two-way fixed wireless coverage (MMDS) bouNdaries. ..........ccocveverereeieeiecienennenn 33
Figure 3-5: Motient's Miami antenna covers down as far as Goulds (in and outdoors) and almost
to Naranja (OULAOOIS ONIY). .....ccuiceeeieiiecie ettt st r e e e besnaesaesreennens 33
Figure 3-6: BellSouth DSL coverage areas are smaller than the exchange boundaries shown......34
Figure 3-7: Distance rings around BellSouth CO determine possible DSL availability. ............... 35
Figure 3-8: Two-way cable modem serving area, AT& T Cable (Jacksonville)..........ccoeevvevurnene. 37
Figure 3-9: S. Miami-Dade cable TV SEfVICE @rEaL .......cccvieeereeeee et 38
Figure 3-10 Miami-Dade portion of FPL Fiber transport Nnetwork.............ccocervieeienrnicereieeene 39
Figure 3-11: Dade fiber density by zip code, 1997. ......cccooeeeii et 40
Figure 3-12: Floridas four UUNET NAPS.... ..ot 41
Figure 3-13: Rate centersin area codes 305 and 786 cross city and other borders............c........... 42
Figure 3-14: DSL availability depends on telephone exchange boundaries............cccocvceecievieenee, 44
Figure 3-15: Areacodesand LATASIN FOrda..........ccovieeieiiciee e 45
Figure 3-16: An agribusiness 4 node, 3 LATA network (identical to Figure TA3-9)......cccc.c....... 47
Figure 3-17: FCC BTAs define wireless licensing areas for MMDS, LMDS, and narrow and
WIAEDANA PCS........ooieeee ettt b bbbt be b e 49
Figure 3-18: Incorporated and unincorporated areas of Miami-Dade County. .........c.cccccevereenenne. 51
Figure 3-19: Example of how market boundaries affect agribusiness hypercommunications
BICCESS. ..ttt e te e bt e bt e eheeeae e e et e bt e bt e Rt e e Re e eR e e SRR SR e E e e R e e R et eRE e eRR e e Rt e Rt e Re e eRe e eReeeaeeanreereereerean 54
Figure 4-1: Population densities. [U.S. Census Bureau, 1998] ...........ccccceorinineneneneneieeesesnee 57
Figure 4-2: Statewide, almost 16 percent of BellSouth's lines are in areas with densities below
850 TINESMIZ. ... vevveerieseeesee st 74
Figure 4-3: S. Miami-Dade CO SErVING @rE8S. .......cccvceeiierieeieieseeiie st eee e s e sae e eaeste e esesnesneenes 77
Figure 4-4 Zip COAES iN PrOJECE @IEAL........eieeeeieeeeeee ettt esaesreeeesne e enes 81
Figure 4-5: Histogram of cluster areasin SquUar€@ MIlES. ........cocveeeveiieeeseseese e 94
Figure 4-6: Distribution of total [iNEShY CIUSLEN. .......ccccvvieeececeee e 95
Figure 4-7: Relationship between business line numbers and cluster teledensity...........ccccooe.ee... 96
Figure 4-8: Number of special access lines by cluster teledensity .........ccooovveeirveecenin e 97
Figure 4-9: Histogram of average loop length for all 302 S. Miami-Dade clusters. ...................... 98
Figure 4-10: Average loop length of each cluster by CO.........cccoeviiiieie e 99
Figure 4-11: Maximum loop length in @ach ClUSLEr. ..........ccooiiiiiiie e 100
Figure 4-12: Average cluster loop length by rate CENter. ........oovvveveiiece e 101

Xii



Figure A1-1: Vertical and horizontal agribusiness communication Needs. ..........ccccevvveveereesneennn. 131

Figure A2-1: Convergence of Carrier CatEJONES .......ccueiuireeieiicee et ere e e et ee e 155
Figure A2-2: FloridalLEC SErvViCe teITitOrES. ....coieeeere e 157
Figure A3-1: Hypercommunication prices fall with maturity in product life cycle. .................... 179
Figure A3-2: NetWOrK [ifE CYCIE.......eceiee et e 180
Figure A3-3: How cost and price components fit with previous material............ccoccovveeenenenen. 183
Figure A3-4: Hypercommunication portfolio tree.........covveeriii e 194
Figure TA1-1: Interpersonal communication MOAEL. ..........ccccvvieeereiiere e 212
Figure TA1-2: Mass commUuNiCation MOTEL...........cceeeeiiieeiesi e 213
Figure TA1-3: The hypercommunication model is a synergistic mesh of networks combining new
communication elements with the mass and interpersonal models. .........ccccceevvvveverecneenen. 215
Figure TA2-1: Gross structure of the telephone connecting system. [Adapted from Benes, 1965]233
Figure TA2-2: PSTN routing Ni€rarChy. ..o 235
Figure TA2-3: Types of services or techniques used to move data from one destination to another
through a computer network. [Jain, 1999, p. 1B-13] .....cccccevviereii e 242
Figure TA2-4: Six economic generations of computer networks plotted as life cyclesin time...247
Figure TA2-5: Generic example of acentralized computer NetWOork. ...........ccoeeveeeeiceneeceneneenn. 248
Figure TA2-6: LAN tOPOIOGIES. .....ocveeieiticeesiestieite sttt sttt st be s enaesneenaesnesneennas 251
Figure TA2-7: Early example of a client-server computer NEtWOrK...........ccecveveeeereieeveeseseennn, 254
Figure TA2-8: Example of adistributed network with three client-server sub-nets and one
SPECTAIIZEA SEIVEN . ...ttt ettt et e st e e e eeseeeneesaeereensesaeeneeseeeneeneas 257
Figure TA2-9: Example of an inter-network with two distributed client-server sub-nets and one
(os 0Lz 1= o 1 Yo PR 259
Figure TA3-1: Shannon's schematic of a communications system. [ Shannon, 1948, p. 380]......267
Figure TA3-2: Simplified Signal Conversion and Transformation. ...........cccccevvveeeveveeceeseseenn. 271
Figure TA3-3: Household Internet Access by Speed, 1999. ... iievvieece e, 280
Figure TA3-4: Bandwidth of analog telephone lineis 3200Hz...........ccocoveeeenieeenenceeeee, 281
Figure TA3-5: Under V.34+ and prior standards, upload and download speeds are restricted to
FAES UNAEr 33.6 KDPS. .. ..veeiiieiee ettt sttt aaestesre e e 285
Figure TA3-6: With no quantizing noise on download, 56k modems increase speed in one
(011 =" 1o o PR 286
Figure TA3-7: Modem Test Variability among V.34 modem brands. Source: Data
CoMMUNICAtIONS MAJAZINE. ......eeueeeeeeeeieeeeeeesieeeeseeeteeeeseeeseestesseeneeseeeneeseesseensesseeneessesneenss 288
Figure TA3-8: Variability among tested V.90 MOemS. .........cceeoeriieenrreeere e 289
Figure TA3-9: Links (connections) and nodes (locations) in an agribusiness network. .............. 290
Figure TA3-10: Six essential elements of reference model of a hypercommunicationslink....... 291
Figure TA3-11: QOS referenCe MOUEL. .........coiiiiiieee e 294
Figure TA3-12: Example of hypercommunicationstraffic in abusiness.............ccceevvveveveineenen. 305
Figure TA3-13: Minute-to-Minute Variability may be greater. ..........ccooovvvevevv e, 306
Figure TA3-14: Non-streaming file transfers by speed and download length. ...........c.cccoceeeee. 307
Figure TA3-15: Datarate and file size of a one-minute download by protocal.............cccce.eee.. 308
Figure TA3-16: Symmetry and speed compared among selected wireline and wireless services.309
Figure TA4-1: Wireline section coverage by reference model. .........ccccocvvveveveceecececceece s, 315
Figure TA4-2: CO locations in Floridawith 18,000 foot distance circle.............ccoooevveieienennee. 327
Figure TA4-3: RAVsreduce subscriber to fiber distanCes..........cccocvveeveveccece e, 329
Figure TA4-4: Cable TV plant showing one-way, FTTN, FTTC, and FTTH distribution. ......... 336
Figure TA4-5: Data rate symmetry among wireline transmission technologies. ...........cccccouee... 339
Figure TA5-1: Wireless reference model showslocal, access, and transport wireless. ............... 345
Figure TA5-2: First through fourth generations of wireless services. [Adapted from NSF, 1998]348
Figure TA5-3: Electromagnetic spectrum (one of three) from AM radio to microwave. ............ 351
Figure TA5-4: Asfrequency rises, coverage zones become smaller..........coocevvveieneecenencenn. 354

Xiii



Figure TA5-5: Electromagnetic spectrum (two of three) microwaveto 10 GHz......................... 356
Figure TA5-6: Electromagnetic spectrum (three of three) above 10 GHz. ..........ccccvvvececiecneenen. 357
Figure TA5-7: Asfrequency rises, rain and other atmospheric conditions lower signal strength.359
Figure TA5-8: Wireless technology components may be separate or together. ............ccccevreenee. 361
Figure SA1-1: Miami-Dade and north Monroe county rate CENtErS.........ooveveveveeceseeceese s, 396
Figure SA1-2: LATASINthe Southeast U.S.A. ... 400
Figure SA1-3: LATAS (lines) and area codes (shaded) in Florida..........cccoovvvienencneienenenee, 402
Figure SA2-1: LAN PBX legacy system. [ECTF, 1997, P. 6] ...ocoevivieie e 415
Figure SA2-2: ECTF telephony server, PBX attached. [ECTF, 1997, p. 15] ...ccoevvvveveeviecneenen, 417
Figure SA2-3: ECTF telephony server, attached to network (no PBX). [ECTF, 1997, p. 14].....419
Figure SA2-4: Communication server model is aconverged NEtWOrK..........ccccveeevevveceeseseenn. 420
Figure SA2-5: Bandwidth used by various T-1 and DSL T-1 technolOgi€s..........ccccvveveerierneenen. 433
Figure SA2-6: Range of various T-1 line codes. [Adapted from Paradyne, 1999, p.15] ............. 434
Figure SA2-7: DMT (left) and CAP (right) are two competing ADSL standards. ...................... 437
Figure SA2-8: ADSL frequency Channels...........cooo oo 438
Figure SA2-9: BellSouth's ADSL Service MO ........ccv e 443
Figure SA3-1: Topicsin private data NEWOrKING. .........coeerireriieceeeenes e 458
Figure SA3-2: Networking generations and associated SErVICES.........ccevvvveeveeieseeneceeiee e 460
Figure SA3-3: Frame relay QOS ParameELtErS. ........ccveveiiereeiieireeeesiesseesiesteesaesresreesesresee e sneees 468
Figure SA4-1: Growth in Internet hosts and backbone speeds, 1969-2000 (log scales)............... 477
Figure SA4-2: Internet access and backbone l00PS...........ocvvireiiiircieee e 481
Figure SA4-3: Web Site hosting OPLiONS. ........cceeiieiieciece et 488
Figure SA4-4: Before VPN: expensive long-distance dial-ups and |eased dedicated connections.497
Figure SA4-5: Data and IP long-distance VPN over the INternet. ...........cccooevvvevencneisiencnenn, 498
Figure SA4-6: Hypercommunications network: Internet-only IPVPN. .......c.cccocoevveivcieneieennn, 502
Figure SA4-7: How Services and Technical Appendicesfit together.........ccccoovveeveiiccececeenen, 506
Figure STAT-1: Locational and functional components of the agribusiness complex. ............... 510
Figure STAT-2: 1999 Cash receipts for three definitions of production agriculture (billions of
(0 (o1 7T ) 512
Figure STAT-3: Florida agriculture specialization DY region. ...........cccccevrenineneneneieeseeene 514
Figure STAT-4: Three estimates of the total economic impact of Florida non-production
agribusinesses (billions of dOHArs). .....cccciveeiiiece e s 518
Figure STAT-5: Total employment of Floridas agribusiness complex varies by definition. ......519
Figure STAT-6: 1999 Cash receipts by category under traditional definition of production
agriculture (billions Of dOHArS). .......cccveciiieiececece e e 520
Figure STAT-7: 1999 Cash receipts of nursery and greenhouse production not included in the
traditional definition of production agriculture (billions of dollars)..........cccoocvrieiviencnnee. 521

Xiv



