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Cox Communications (COX, $35, Overweight, Industry View: Attractive,

Target $45)

Our forecast has been adjusted to reflect the change in the
way Cox now books high-speed data revenues. Hisrorically,
Cox booked the daia revenues net of the affiliate fee paid to
@Home. Now that the transition to its own backbone has
been completed, Cox will book gross revenues, which is
consistent with the way the other multiple systems operators
(MSOs} book data service revenues.

Our pro forma 2000 and 2001 annual results (not quarters)
also reflect this change. This change will affect daia reve-
nue, data gross profit margin, and EBITDA margin. Towal
EBITDA will remain unchanged, but margins will be lower
due to the higher revenue base from booking gross, not net,
revenues.

We rate the shares of Cox Overweight with a 12-month
price target of $45. At current ievels, Cox trades at 11.2
times 2003E EBITDA.

We expect total revenue and EBITDA growth in 2002 of
14.0-15.0% and 13.5-14.0%, respectively. We believe
Cox will lead the industry by 100-200 basis points with
regard to revenue and EBITDA growth, largely due to im-
proving margins on the residential telephony product.

Cox has the ability 1o demonstrate the value of its competi-
tive advantage in telephony in 2002, in our view. We esti-
mate that 22-25% of the total incremental revenue growth in
2002 and 2003 is from residential and commercial teleph-
ony {equal to 3.2-3.4% of the 14-15% average revenue
growth}. Furthermore. we see Cox as the company best
nositioned to demonstrate that product bundles can reduce
churn and win back customers lost 1o DBS.

EBITDA margins should begin to stabilize by 4Q02. In
2001, the reported EBITDA margin was 38.6%: we expect 2
margin of 37.4% in 2002. The majority of the anticipated
decrease in margins should be due to the company’s change
in accounting for cable modem revenues. Also, its decision
to launch one more telephony market also creates some
start-up losses. which we expect will lower margins by
about 40 basis points. In 2001, the company reported cabie
modem revenues net of the affiliate fee. Now that the tran-
sition to its own backbone has been completed. Cox will
begin reporting these revenues gross of the affiliate fee
(which is the way that the other MSOs book revenue).
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Digital Subscribers

Cox was the only MSO to announce on its 4Q01 eamings
call that digita) additions tn 2002 should not decline relative
to 2001. We believe the company will average 11,750 per
week during 1Q02, versus 12,156 in 4Q01. For 2002, we
expect additions to average just fewer than 12.000. By the
end of 1Q02, we expect penetration of basic subscribers will
be almost 25%.

Cox currently has three announced trials of VOD — in San
Diego, Hampton Roads, VA and Phoenix. The company
indicated on its 4Q01 eamings call that it would launch
VOD service to 43% of its homes passed by the end of
3Q02.

Cable Modem Subscribers

We expect Cox to end 1Q02 with 990,000-995,000 cabie
modem subscribers, representing average weekly additions
of 8,500. This compares to weekly additions of just over
8,000 in 4Q01.

We expect margins on the high-speed data business to im-
prove in 2002, largely due to the savings from Cox using its
own backbone. We estimate that the cost for Cox to pro-
vide its own backbone, tier 2 customer service .and provi-
sioning will be about 20% of gross data revenue. The po-
tential risk in our forecast is that the company does not get
this margin enhancement due 1o higher customer service
costs. @Home previously dealt with all tier 2 customer
service issues, which Cox will now handle.

Residential Teiephony

We expect residential telephony additions 10 cominue
strong during 2002. We estimate that Cox will end 1Q02
with 500,000-510.000 residential telephony subscribers.
representing average weekly additions of 4,000. The resi-
dential telephony product has not exhibited the large sea-
sonal swings that the digital video and cable modem prod-
ucts have. We project average weekly additions to average
Jjust over 4,000 during 2002.

Residential telephony margins in 2001 were 20%. and we
believe the margins in existing markets could nise 10 30% in
2002. The New Orleans market and any other markets
launched in 2002 should create start-up losses of about $20

Please see the important disciosures at the end of this report.
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million. which would reduce total telephony margins 1o an 750 MHz or higher and 90% ready for digital and data
estimated 26%. service. The company expects 10 end 2002 with 89% of its

plant upgraded for 750 MHz or higher and 96% digital and
Capital Expenditures and Plant Upgrades data-ready.

The company should incur $2.0 billion in capital expendi-
tures. Cox ended 2001 with 81% of its plant upgraded for
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Exhibit 132
Cox Communications

Broadband Cable Drivers

Deattars in Millions

Broadband Subscribers
Basic
Pro Forma Banic Growth %o
Basic ARPL
Program. Costs as % of Analog Res.

Frogrammung {osts per sub % Change

Digital Video Subscribers

Dhipital Weekly Additions

Digial ARPU

Digital Penetration

Digital Prog. Coms as % of Dig. Rev

Cable Modem Subscribers

Cable Modern Weekly Addniom
Cable Modem ARPL'

Cable Modem Penerration

Affilime Fee as % of HSD service rev

Telephony Subscribers
Telephony Weekly Additions
Telephony ARPL

Telephony Penetration

[hrect Costs as % of Telephony res

Fixed Coms (1)
Fixed Coms (% Change)
Totat Capnta) Expenchtures

Broadband {Imcl. Telephony}
Revenue Growth %.
EBITDA Growth %,
EBITDA Margin %

Pro Forma
2000 2001E SH02E 2003E 1001 2001 3001 40401 1Q02E 2002F IN2E SQ0XE
6193317 6237888 &2W1S5T 478K 6213994 6196614 6206737 6237088 6287492 6209780 6,280,184 6281352
1.8% ¢.7% 0.7% 0.7 1.2%, 0.5 0.7% 0% 0.7% 0.7 0.7% 0.7
§31.2 $3242 $33.64 $35.32 $32.44 $32.40 $A.82 $33.25 51169 $13.83
27 .4, 29.0% 30.5% 30.8%. 29.5% 28.8% 28 8% 28 9%. 30 1% 29.8%
2% 8T 10.3% T 8.1% BB o £3% 10.4% 96%
841,824 1386039 2008815 2.534371 $60.%07 1071312 12280015 1384009 1535789 1667439 1 33ADN  2.00331%
11.090 10470 11.98G 16,120 9.130 8520 £2.050 12.160 11,750 9500 12,750 L3510
$11.00 $12.25 $12.50 31313 $1200 $12.00 $12.50 31250 $12.50 $12.50 $12.50 $12.50
13.6% 22.2% 2.0% 40.1% 15.5% 17.4% 19.8% 2% 24 6%, 269", 29.3% 2.0
15.0%. 15.00%. 24.1% 25.8% 15.0%0 15.0% 15.0% 15.0% 20.0%. 22.0%. 250% 28.0%
481947 BEI562 14862 1945440 LAk 43,038 TI9 4% 883,562 9462 L9R0EZ 1210082 | MedN62
5670 7.720 9250 11570 8.0%0 6220 8.570 8.000 8,500 K000 10,060 FG500
$40.10 34111 $39.00 $40.71 $42.2% 33935 $36.74 34552 3900 $19.00 $39.00
7.8 LE 21.7% 30.8%. 9.4%, 10.8%. 12.6% 14.2% bu 17. % F9 6% 21 7%
35.0% 50 23.5% 22.0% Iso% 30.0% 27.8% - 0% 270% 24.5% 23.5% 20.0%
244652 450572 663,198 B9dAlG P b 5] I A4 IR 453572 25572 555222 610,872 661,198
2.75¢ 4.020 4,030 4430 3.060 4.020 4.180 4210 4,000 4030 4,050 4,030
$52.03% $30.¢ $47.81 $46.40 $4985 $50.08 $50.18 $50.0% $47.81 $47.81 $47.8] 4781
4.0% T3% 10.6% H. L. 4.7% 56%. H4% TA% B 9.0% 9.8% 10.6%
60 9%, 4F 2 45,5% 46.2% 54.0%. 50.0% 45.0%. a5 0% A7.0%. A7.0% 47.0% 45.3%
SIITLE S1.A257  §1473% $1.7074 $309.5 $3299 $324 3441 $340.5 $30 $381.4 $37%.0
168, Y% E2% 159, NM 1.7% 14.8% 153% 10.0%. 12.8%, 11.3% 10.3%.
$2.088.1 $2.205.%  52.020.3 $1.47423 Na Na NA NA Na NA Na NA
14 %% 14.3% 16.3% 2h 650 14.0% 14.4% 14 7% 16,54 17.3% 17.6% 17.1%
. 1.3% 25.2% 16.9% 15 8% 13.4% 11.9% -26.4% 10.2% 1544 14 0% 7450
AR 34.1% 37.3% A7.5% 37.8% 38.1% 38A4% 26.2%: 35 36.9% 31.2% 39.3%

(11 G&A. marketmg and piant operanons for both cable and residential telephony operations

E= Morgan Staniev Research Estimares
Note: Pro forma resulls assume that data revenues are booked gross of the affiliate fee. in 2001 and prior vears, Cox booked data revenues net of the affiliate

fee. but the company began booking gross data revenues beginning in 2(82. 2(H}i quarters are not pro forma for this adjusiment.
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Exnibit 133
Cox Communications
Estimated 2002 Fair Market Value

3 Millions Except Per Share Data)

Cable Programming Telecom. Technology Total Cox

Asset Descniption Operations Investments Investments tnvestments Other Commicauons
Core Cable Teievision Operations 526.294.4 $26294.4
Telephony 2.564.5 2.564.5
Commercial Telephony - Fibernet 1.255.6 1.255.6
Orher Assets
Dhscovery Communicanons (24.6%) 4,022.1 40221
Sprnt PCS - 10.3 mm comm. stock equiv. 1169 1169
Motoroia - (.85 mm shs 12.1 121
Paxson Comm. - 0,71 mm shs 1.5 7.5
Eiberate - 1.0 mm shs 6.8 6.8
Tivo, Inc. - 0.24 mm shares 1.6 1.6
Worldgae - 0.5 mm shares 0.8 0.8
Other Programming/T elecomm. Assets 15.0 15.0
Total Estimated Asset Value 330,114.5 $4,022.1 $116.9 5439 50.0 3342973
Less:
Debt (1) 8.533.1 8.533.1
Net Indexed Debt (2.332.4) {2.332.4)
Nei Debt 6.200.8 6.200.8
Pius:
Cash 86.9 86.9
Cash from S1ock Options 149.8 1458
Total Fair Market Value $23,913.7 $4,022.1 51169 $43.9 $236.6 §$28,333.2
Ciass A Shares Qutstanding 573.56R 573.568 573.568 5731568 573.568 573.56K
Class C Shares Qutstanding 27.598 27.598 27.598 27.598 27.598 27598
Feitne Prides 18.740 18.740 18.740 18.740 18.740 18.740
Convenible Preferred 5.000 5.000 5.000 5.000 5.000 5.000
Stock Opnions 7.54] 7.541 7.541 7.541 7.54] 7.541

Totat Cox Comm. Shares Qutsianding 632.447 632 447 632.447 632.447 632.447 632,447
Total Fair Market Value Per Share $37.81 $6.36 $0.18 $0.07 s037[ 34480
Supplementai Valuation Daia Incl. Teleph.  Excl. Teleph. Total
Estimated Asset Value $30.114.5 5262944 $30.114.5
2002E EBITDA 1.788.7 1,638.7 [.778.8
Asset Vaiue /EBITDA 16.8x 16.0x 16.9x
2003k EBITDA 2.079.0 | $04.5 20790
Asset Value /EBITDA 14.5x 14.1x 14.5x
2002E Basic Subscribers 6,281,553 6,281,553
Est, Asset Value per Basic Subscriber £4,704 $4.186

(1) Assumes full dilution of Feline PRIDES.

E= Morgan Sianlev Research Estimates
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Exhibit 134
Cox Communications
Consolidated Annual Income Statement
(5 Miltions Except Per Share)
Actual
2000 2001 2000 2001E 2002E 2003E 2004E 2005E 2006E

Revenues $3.506.9 54.067.0 $3.628.6 $4.1689 $4.764.3 $5.540.0 56.341.5 57.1849 $8.039.9
Operating Expenses 2,129.6 2.646.0 2.225.5 2.748.0 2.985.5 3.461.6 3.893.2 4.347.0 4.796.0
EBITDA $1.377.3 5142190 $1.403.1 314210 $1,778.8 $2.0790 $2.448.2 $2.8379 53.243.0

Operaung Cash Fiow Margin 39.3% 34.9% 3B.7% 34.1% 37.3% 37.5% 38.6% 39.5% 40.3%
Deprecianon 873.4 1.185.8 044.6 1.185.8 1.370.0 1.470.3 1.506.1 1.545.6 1.589.4
EBITA 503.9 2352 458.5 2352 408.7 608.7 939.1 1.292.3 1.654.5
Amonizalion 363.1 3534 398.7 3534 353 35.3 5.3 353 35.1
EBIT §$140.R {31182} 3598 ($118.2) $373.4 $5734 $903.7 $1.256.9 $1.6192
Cash Interest Expense 540.2 533.8 533.9 5338 539.8 479.6 4457 3844 3087
MNon-cash Imerest Expense 21.3 32.1 213 121 31.8 35.5 313 39.2 41.1
Operating Profit afier Interest (420.6) (684.2) (495.5) (684.2) {200.1) 583 4208 8334 1.269.4
interest Income and Other 3.219.6 856.2 £57.1) 8567 1.248,2 (45.7) 457 (45,7} (45.7)
Pretax Profit Before Equity Interest $2,798.9 $172.0 ($552.5) $172.0 $1,048.0 $i26 $375.0 $787.6 $1.223.6
Income (Loss) from Equity Interests {7.3) (40.0} 70.5) {40.0) (20.0) {0.0) 20.0 40.0 60.0
Incomes{Loss) Before Taxes 2.791L6 132.0 (623.1) 1320 1.028.0 12.6 3950 827.6 1.283.6
Deferred Taxes 877.0 94.0 {158.0) 940 2884 (87.3) 54.1 2142 1829
Current Taxes 426.0 400.9 (79.0) 400.9 144.2 (43.7) 27.1 107.1 191.5
Income (Loss) Before Extra. hems $1.914.6 $37.9 ($465.0) 33179 $739.6 3995 $340.8 86§34 £500.0
Extraordinary liems (Afier Taxes) 0.0 T717.1 0.0 717.1 0.0 0.0 0.0 0.0 0.0
Net Income/(Loss) 519146 $755.0 ($465.0) §755.0 $739.6 $99.9 5340.8 $613.4 $900.6
Averape Basic Shares Qutstanding 602.0 600.4 602.0 600 .4 601.0 601.0 602.5 603.3 604.1
Reponed Basic EPS $3.15 51.26 (30.77) $1.26 b J &) $0.17 $0.57 $1.02 $1.49
Averaye Fully Diluied Shares Quisianding 60B.5 608.8 608.5 608.8 610.3 611.0 611.9 612.7 613.5
Reporied Fulty Diluted EPS $3.15 $1.24 ($0.76) $1.24 $1.28 50.16 $0.56 31.00 $1.47
Less: Extraordinary and Nonrecurring ltems per & 1.3% 0.96 0.60 0.96 1.34 .00 0.00 0.00 0.00
Adiusied Fully Diluted EPS {$0.25) 50.28 {50.76) $0.28 ($0.12) 50.16 $0.56 $1.00 $1.47
Plus: Amortization per Share 0.60 0.58 0.66 0.58 0.06 0.06 0.00 0.06 0.00
Less: Equity Income / (Losses) from Affiliates (.01 (0.07} {0.12) {0.07) (0.03} (0.00) 0.03 0.07 0.10
Adjusted Fully Dilmed Cash EPS 50.36 $0.93 $0.0t 50.93 {§0.03) $0.22 $0.58 $0.99 3143

E= Morgan Stanley Research Estimares

Note: Pro forma resulls assume that data revenues are booked gross of the affiliate fee. In 2001 and prior vears, Cox booked data revenues net of the affiliare
fee, but the company began bookinyg yross dala revenues beginning in 2002,
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Exhibit 135
Cox Communications
Balance Sheet Forecasts

2000 2001 2002E 2003E 2004F 2005E 2006E
Cash & Marketable Secunuies §78.4 $R6.9 $86.9 $86.9 §236.0 $436.9 $736.9
Accounts Receivable 358.3 421 486.0 565.1 646.8 7320 820.1
Total Current Assets 436.8 508.0 5728 652.0 883.7 1.169.7 1.556.9
Prop.. Plant. & Equip. (Rpu) 8.369.4 10.328.5 11.548 8 12.223.2 12,4778 12.821.3 13.194.7
Less: Accumulated Depreciation 2.453.0 32006 3,770.7 44410 51500 58956 6.685.0
Net Prop.. Plant. & Equip. 59164 71279 77782 7,782.2 732775 6.925.7 6.509.7
investments in Uncon. Operations 3.896.4 3.515.2 2.495.2 2.495.1 2.515.1 25551 2.615.0
Intangible Assets 139512 13.510.9 13.475.6 13.440.2 [3.404.9 13.369.5 13.334.2
Other Assets 520.0 3994 3904 390.4 39904 3994 399.4
Total Assets $24.720.8  $25.061.4  524.721.1 $24.769.0 S24.530.8 5244194 524415.
Short-terrn Debt $0.0 $0.0 $0.0 $0.0 $6.0 $0.0 30.0
Accounts Payable and Defered Income 714.2 674.4 790.1 872.9 949.1 1.021.5 1.085.9
Tosal Current Liabilities 7142 674.4 790.1 8729 249.1 1.021.5 1.085.9
Long-term Debt B.543.8 8.417.7 B,533.1 8.393.8 7.663.2 6.710.6 5.501.7
Deferred Taxes 4,592.7 45383 4.682.5 46388 4.665.9 4.773.0 4.964.4
Other Liabilines 1.6539 1.760.2 305.0 3532 401 .4 4497 497 9
Preferred Equity 4.8 4.8 4.8 4% 4.8 48 4.
Common Equity 82114 9.666.0 10.405.7 10.505.¢ 10.846.4 11,4598 12.360.4
Total Equity 9.216.3 9.6709 10.410.5 £0.510.4 10.851.2 11.464.6 12.365.3
Total Liabihities & Equity $24.7208 5250614 $24.721.1 $24.769.0 $24.5308 3244194 5244152

E= Mgrgan Sianlev Rexearch Estimaies
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Exhibit 136
Cox Communications
Debt Capitalization

S Million)

2000E 20901 2002E 2003E 2004E 2005E 2006E
Bank Debt Commercial Paper/Other $1.524.% $727.4 $1.408.9 $1.205.0 $781.9 $514.9 $28.7
Medium Term Notes 424.1 3912 3912 391.2 3912 0.0 0.0
6.875% Semor Notes due 2005 365.2 365.2 365.2 365.2 365.2 0.0 0.0
7.625% Senior Notes due 2025 132.4 1324 1324 1324 1324 132.4 1324
6.500% Semor Notes due 2002 200.0 200.0 0.0 0.0 0.0 0.0 0.0
7.250% Sub. Debentures due 2015 160.0 100.0 100.0 100.0 100.0 100.0 0.8
6.4% Notes due B/08 2060.0 200.0 2000 2000 200.0 200.0 100.8
6.8% Debentures 8/28 200.0 2000 200.0 200.0 200.0 200.0 1008
6.15% Reset Put Securities 8/33 250.0 250.0 250.0 250.0 250.0 250.0 150.8
7.0% Due 200} 299.7 0.0 0.0 0.0 0.0 0.0 0.0
7.5% Due 2004 3738 375.0 3750 3750 0.0 0.0 0.0
7.75 Due 2006 399.2 400.0 400.0 400.0 400.0 400.0 0.0
7.875 Due 2009 400.0 400.0 400.0 400.0 400.0 400.0 400.0
7.75% Notes Due 2010 300.0 800.0 80G.0 800.0 300.0 800.0 800.0
MOPPRS/CHEERS 200.0 200.0 0.0 0.0 0.0 0.0 0.0
6.53% Debentures due 2/28 190.0 200.0 200.0 200.0 200.0 200.0 200.0
6.75% Senior Notes due 3/20/1] 0.0 500.0 500.0 500.0 500.0 500.0 500.0
Convertible Senior Notes G.0 545.0 3245 3318 3392 3469 3547
Capital Lease Obligauions/Other 132.7 153.6 153.6 153.6 153.6 153.6 153.6
Total Debt $6,191.9 56,139.8 $6,200.8 $6.004.1 $5213.5 $4,1978 $2.922.5
Indexed Debt
Discount Debentures 804.6 8374 871.2 906.6 9439 983.1 1.0242
Premium Phones 275.0 2750 275.0 2750 275.0 2750 2750
Prizes 1272.2 12722 1.272.2 12722 12722 1.272.2 12722
Forward Contracts 0.0 4143 4350 456.8 479.6 503.6 528K
Reserve (FAS 133 Adjustment) (.0 (521.0) (521.0) (321.00 (521.0) (521.0) (521.0)
Tatal Debt $8,543.8 $8.417.7 §8.533.] 58,3938 $7.663.2 $6,710.6 §5.501.7
EBITDA $1.377.3 §$1.421.0 $1.778.8 £2.079.0 $2.448.2 $2.8379 $3.2439
Total Debt / EBITDA 4.5 4.3x 3.5x 2.9 2.1x 1.5% 0.9x
Total Debt and Indexed Detn / EBITDA 6.2x 5.9x 4.8x 4.0x 3.ix 2.4x 1.7x

E= Morgan Stanlev Research Estimares
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Exhibh 137
Cox Communications
Revenue and Operating Cash Flow Comparisons, Quarterly

(3 Miflions)

2001 2002E
1Q 2Q 30 4Q 1QE 2QE QL 4QE
Clbkf_f?kphon_\' Revenue
Analog $788.2 58198 5819.6 $838.1 §$822.3 $864.5 $871.5 $80954
Digital Cable 32.4 366 43.] 49.0 548 60.1 65.6 72.0
High Speed Data 56.6 62.3 75.2 91.7 117.1 129.6 144 % 160.9
Total Cable Television Revenue $877.2 $918.7 59379 $978.8 $9942 $1.054.2 $1.081.9 $1.1283
Residennal Teiephony 40.1 47.8 55.9 64.0 68.8 76.3 Bi% 91.4
Cox Business Services 30.6 353 38.2 403 417 45.0 47.6 51.0
Total Cable/Telephony Revenue 59479 $1.001.8 $1.032.0 $1.083.0 $1.104.7 $1,1754 51.2134 $1,270.7
% Change 21.6% 14.0% 14.4% 14.5% 16.5% 17.3% 17.6% 17.3%:
Cable/Telephony Gross Profit
Analog $555.3 £583.6 $583.8 $596.1 §5622 $602.2 $609.4 5628.2
Dignal Cabie 27.6 31.1 36.6 41.7 439 469 49.2 51.9
High Speed Data 56.6 62.3 75.2 91.7 B7.5 99.6 112.8 130.6
Total Cable Television Gross Profit 5639.4 56770 $695.0 $7294 $693.5 $748.7 $771.4 58106
Residential Telephony Gross Profit 10.8 16.2 323 485 17.1 257 514 77.1
Cox Business Services 4.6 6.8 ]3.7 20.5 6.7 10.0 200 300
Total Cable/Telephony Gross Profit 30547 57000 $741.5 S798.3 $717.3 $784.4 38428 $917.7
Gross Profit Margin 69.1% 69.9% 71.9% 73.7% 64.9% 66.7% 69.5% 72.2%
Cable/Telephony EBITDA
Core Cable Television EBITDA $343.4 $362.9 $373.1 $403.7 $374.3 $398.7 $411.8 $453.8
Video/Data Starrup Losses 0.0 0.0 0.0 00 0.0 00 0.0 0.
Residential Telephony EBITDA 5.2 8.1 112 16.1 15.1 18.3 226 213
Cox Business Services EBITDA 9.8 11.1 12.0 . 12.7 15.0 16.2 17.1 18.3
Total Cable/Telephony EBITDA 5358.1 $382.1 33962 4125 $404.5 $4333 3451.6 $499.4
% Change 19.5% 13.4% 11.%% 11.9% 12.9% 13.4% 14.0% 15.5%
Cable/Telephony EBITDA
Total Cable Margins excl. Teiephony 39.1% 19.5% 39.8% 41.2% 37.6% 37.8% IB % 40.2%
Residential Telephony 13.0% 17.0% 20.0%4 25.2% 22.0% 24.0% 27.0% 29.8%
Cox Business Services 32.0% 31.4% 31.4% 31.5% 36.0% 36.0% 36.0% 35.9%
Totat Cabie/Telephony Margins 37.8% 38.1% 38.4% 39.9% 36.6% 36.9% 37.2% 39.3%
Other
Revenues 50.0 30.0 $0.0 22 $0.0 500 $0.0 $0.0
Operating Cash Flow 0.0 0.0 0.0 (148.0) {9.9} 0.0 0.0 00
Operating Cash Flow Margin
Total Revenuy 59479 S1.001.8 $1.U32.0 $1.0853 $1L104.7 51,1754 $1.2134 51,270.7
Tota! Operating Cash Flow 358 3821 3963 284.5 394.6 433.3 451.6 4994
Total Cash Flow Margin 37.8% 38.1% 38.4% 26.2% 35.7% 36.9% 37.2% 30.3%

E= Morgan Stanlev Research Estimates
Nate: Data revenues in 2002 are shown gross of the affiliate fee; in 200], these revenues are shown net of the affiliale fee.
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Exhibit 138
Cox Communications
Revenue and Operating Cash Flow Comparisons, 2000-2006E
75 Mitiionsj
Adlual Pro Fomms
2000 200) 2000 2001 2002E 2003E 2004 2005E 2006F
Cabie/Telephony Revenue
Analog $3.080.0 £3.265.7 $3.1465 $3265.7 $34537 $3.689.7 53 940 5 §4.224.3 $4.524.0
Daytal Cable 4.0 161.1 M0 161.1 526 3578 458.5 5588 56587
High Speed Data 148 9 2857 204.2 1876 5524 8283 1.107.9 1.401.1 1.695.5
Tow) Cable Television Revenue $3303.0 $37115 $3.4247 538145 $4.258.7 $4.8759 $5.512.9 $6.184.3 $6.878.1
Residentiaf Tetephony 106.1 2079 106.1 2079 3203 4337 5494 6833 8073
Cox Business Services 97 R 144.3 978 144.3 185.3 231.0 279.2 317.3 354 6
Teotal Cable/Telephony Revenue $3.506.% $4,064.7 $3.628.6 $4.166.7 54,7643 $5.540.6 S6315 $7.184.9 $8.039.9
% Change 51.3% 15.9% 13.4% 14.8% 14.3% 16.3% 14.5% 13.3% 11.9%
Cable/Telephony Gross Profit
Analoy $2.2354 $2.3188 $22832 $23188 524019 $2,553.5 $1.716.0 528905 330775
Digital Cable 620 137.0 629 1370 1919 265.7 3312 W16 4495
High Speed Data 148.9 2857 1489 2857 4304 650.4 £90.9 1.126.1 1.362.1
Total Cabie Television Gross Profit $2.447.2 $2.741.4 $2.4950 £2.741.4 $3.0242 53.469.6 $1.9182 $4.400.2 $4.889.1
Residential Telephony Gross Profit 5415 $107.7 415 51075 51714 $2334 52044 $363.8 $428 5
Cox Business Services 384 45.5 384 455 66.6 83.3 102.0 118.5 135.2
Totat Cable/T elephony Gross Profit $2.527.1 $1.894.0 525749 52.894.6 $3.262.2 531.786.4 34,3346 54.891 5 §5452.7
Gross Profit Margin 72.1% 71.2% T1.0% 69.5% 68.5% 68.3% 68.4% 68.1% 67 8%
Cable/Felephony EBITDA
Core Cable Televisson EBITDA $1.356.1 $1.482 K $1.3819 514828 $1.6387 51.864.8 $2.163.0 $2.475.% §2.798.6
Video/Data Startup Losses 0.0 0.0 0.0 0.0 a0 00 0.0 0.0 on
Residential Telephony EBITDA (17.1) 40.7 a7.n 407 833 130.9 1831 2439 3101
Cox Business Services EBITDA 384 45.5 384 45.5 66.6 B33 102.0 118.5 135.2
Total Cable/Telephony EBITDA $13773 51.569.0 §1,403.1 51.569.0 $1.788.7 $2.079.0 $1.4452 518319 33,2439
% Change 52 8% 13.9% 10.3% 11.8% 14.0% 16.2% 17.8% 15.9% 14.3%
Cahie/Telephony EBITDA
Total Cable Margms excl. Telephony 41.1% 19.9% 40.5% 18.9% 38.5% 38.2% 19.2% 40.0% 40.7%
Residential Telephon: NM NM NM 19.6% 26.0% 30.2% 333% 157% IR.4%
Cox Business Serviges 39.3% 31.5% 39.3% 11.5% 36.0% A6.4% 36.5% 37.3% 38.1%
Total Cable/Telephony Margins 39.3% 18.6% 38.7% 37.7% 37.5% 17.5% IB.6% 39.5% 40.3%
Other
Revenues $0.0 $22 500 522 $0.0 $0.0 300 00 50.0
Operaung Cash Flow 0.0 (148.00 $0.0 ($148.0) ($9.9) $6.0 $0.0 $0.0 $0.0
Operaung Cash Flow Marpm NM NM NM NM NMm NM NM NM NM
TFotal Revenue $3.506.% $4.067.0 $3.618.6 541689 $4.764.3 35,5406 $6.341 .5 $7.184.9 $8,039.9
Toual Operating Cash Flow 13773 14210 1.403.1 14718 1.778.8 2.079.0 2.448.2 28379 12439
Toval Cash Flow Margin 393% 34.9% 38.7% 341% 313% 371.5% 38.6% 39.5% 4h3%

E= Morgan Stanlev Research Estimates

Note: Pro forma results assume that daia revenues are booked gross of the affiliate fee. In 2001 and prior vears, Cox booked daia revenues net of the afliliate
tee. but the compuny began booking gross dota revenues beginning in 242,
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Exhibit 139
Cox Communications
Cable Television Operations, Quarterly

1% Million except per data;

2001 2002E

1Q 20 ETe) 20 10E IQE 30 aQE

Homes Passed 9.843.052 9866948 9936499 9.979207 10,016,629 10,054,191 10,091,895 10,129730
% Change 2.8% 24% 2.1% 2.8% F.8% 1.9% 1.6% L.5%
Basic Subscribers 6213994 6,166,614 6206737 6237.88R 6257492 6209780 6250184 6281553
% Change 1.3% 0.5% 0.7% 0.7% 0.7% 0.7% 0.7% 0.74
Homes Passed Penetration 63.1% 62.5% 62.5% 62.5% 62.5% 61.8% 61.9% 2.0%0
Premium Subscriptions 4.103.003 4165283 4.132.082 4,098.88] 4,134,675 4,1224%4 4174140 4221426
% Change -0.8% -1.3% -22% -1.8% 0.8% -1.0% 1.0% 3.0%
Basic subscriber Penetration 66.0% 67.5% 66.6% 65.7% 66.1% 66.4% 66.8% 67.2%,
Digital Subscriptions 960.507 1071322 1228015 1.386.039 1.538.789  1.667.489 1.833239 2008815
% Change 114.8% 9L.3% 79.8% 64.6% 60.2% 55.6% 49.3% 44 9%,
Homes Passed Penetration 9.8% 10.9% 12.4% 13.9% 15.4% 16.6% 18.2% 19,8%.
Basic subscriber Penetration 15.5% 17.4% 19.8% 222% 24.6% 26.9% 29.3% 32.0%
Premiumn Subscriber Penetration 23.4% 25.7% 29.7% 33.8% 37.2% 40.4% 43.9% 47.6%
HSCDS Subscribers 587.170 668,038 779.499 B81.562 964,062 1,098,062 1228062 1364562
% Change 126.0% 108.5% 95.5% 83.3% 69.3% 64.4% 57.5% 54.4%.
Homes Passed Penetration 6.0% 6.8% 7.8% 8.9% 9.9% 10.9% 12.2% £3.5%
Basic subscriber Penetration 9.4% 10.8% 12.6% 14.2% 15.9% 17.7% 19.6%0 217
Muomthly Reg, Rev. per Basic Sub. $32.32 $32.44 $32.40 §$32.53 $33.29 $33.74 $33.69 B33.83
% Change 3.9% 4.6% 3.5% 3.6% 3.0% 4.0% 4.0% 4.0
Monthly Reg. & Unreg. Rev. per Basic Sub. 42.35 44.14 44.16 44.90 43.87 46.23 46.63 47.63
% Change 1.4% 4.0% 3.83% 2.3% 3.6% 4.7% 5.6% 6.1%
Monthly Digital Video Rev. per Digital Sub. 12.00 12.00 12.50 12.50 12.50 12.50 12.50 12.50
% Change 9.1% 9.1% 13.6% E3.6% 42% 4.2% 0.0% 0.0%
Monthly HSCDS Rev. per HSCDS Sub. 35.27 33.09 34.62 3674 41.59 41.28 4]1.49 41.3%
% Change =19.3% -15.5% 9.4% 9.6% 17.9% 24.7% 19.8% 12.6%
Regulated Analog Revenues 601.5 602.5 6013 6072 623.9 631.0 629.7 6359
% Change 15.4% 5.5% 4.1% 4.3% 3.7% 4. 7% 4.7% 4,71%
Premium and Non-regulated Revenues 186.7 217.3 218.3 2309 198.4 2335 2418 259.4
% Change 4.3% 33% 5.2% 0.0% 6.2% T.5% 10.8% 12.4%
Digtial Video Revenues 324 36.0 4311 49.0 54.8 60.1 65.6 720
% Change 175.9% 120.1% 110.2% 94.8% 69.0% 64.4%, 52.2% 47.0%
HSCDS Revenues 56.6 62.3 752 91.7 1M 129.6 1448 160.9
% Change 93.1% B2.8% 82.3% 106.9% 107 1% 107.9% 92.6% 75.6%
Totat Revenue 5372 SYINT 59379 SYTHN $4954.2 $1.084.2 $i.081.9 S1A28.3
% Change 18.3% 10.4% 10.7% 10.9% 13.3% 14.7% 15.4% 15.3%

E= Morgan Stanley Research Estimates
Note: Data revenues in 2002 are shown gross of the affilinie fee: in 21N}, these revenues are shown net of the affiliate fee.
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Exhibil 140
Cox Communications
Cable Television Operations, Quarterly (continued)

{3 Miltion excepi per data)

2001 2002E
1Q 20 30 aQ 1QE 20E 3QE a0
Total Revenue S8TT2 $918.7 59379 $978.8 $994.2 51,6542 $1.081.9 $1.128.3
% Change 18.3% 10.4% 10.7% 10.9% 13.3% H4.7% 15.4%, 15.3%
Analog Programming Costs 2329 236.2 2358 2420 $260.1 $262.3 $262.2 $267.2
% of Total Analog Revenue 29.5% 28.8% 28.8% 28.9% 31.6% 30.3% 30.1% 29.8%
Digital Prog. & Direct Costs 49 5.5 6.5 74 11.0 £3.2 16.4 20.2
% of Total Digital Revenue 15.0% 15.0% 15.0% 15.0% 20.0% 22.0% 25.0% 28.0%
HSCDS Direct Operating Costs 0.0 0.0 0.0 0.0 29.7 300 32.0 30.3
% of Total HSCDS Revenue 0.0% 0.0% 0.0% 0.0% 25.3% 23.1% 22.1% 18.8%
Total Programming and Direct Costs 2378 241.6 2423 2494 300.7 308.5 3105 N7
% of Total HSCDS Revenue 27.1% 26.3% 25.8% 255% 302% 29.0% 28.7% 28.2%
Analog Service Gross Profit 555.3 583.6 5838 596.1 562.2 6022 609.4 628.2
% of Total Analog Revenue 70.5% 71.2% 71.2% 71.1% 68.4% 69.7% 69.9% 70.2%
Digital Service Gross Profit 276 3t 36.6 417 439 46.9 49.2 51.9
% of Total Digital Revenue 85.0% 85.0% 85.0% B5.0% 80.0% 18.0% 75.0% 72.0%
HSCDS Gross Profit 56.6 62.3 752 917 B7.5 99.¢ 1128 130.6
% of Total HSCDS Revenue 100.0% 100.0% 100.0% 100.0% 74.7% 76.9% 77.9% B1.2%
Total Gross Profit 5639.4 $677.0 5695.6 $729.4 $693.5 $748.7 ST $810.6
% of Total Revenue 72.9% 73.7% 742% 74.58% 63.8% 71.0% 3% T1.8%
Other Operating Costs $£73.1 $70.9 $73.4 $71.5 $72.9 $754 $75.1 5778
% of Total Revenues 8.3% 7. % 7.8% 7.3% T.3% 7.2% 6.9%, 6.9%
Marketng Costs 5449 546.7 5476 345.1 $49.7 $52.7 $53.9 $55.7
% of Total Revenues 5.1% 5.1% 5.1% 4.6% 5.0% 5.0% 5.0% 4.9%
Gen. & Admm. Costs 1783 196.5 201.5 1091 196.6 221.8 230.7 2233
% of Total Revenues 20.3% 21.4% 21.5% 21.4% 19.8% 21.0% 21.3% 19.8%
Operating Costs 534.1 555.8 564.8 575.1 619.9 6554 670.1 674.5
%o of Revenues 60.9% 60.5% &0.2% 58.8% 62.4% 62.2% 61.9% 59.8%
EBITDA incl. New Serv. Start-up Losses x Telephony $343.1 $362.9 33731 $403.7 537143 3398.7 54118 34538
Operating Margin 39.1% 39.5% 39.8% 41.2% 37.6% 31.8% 38.1% 40.2%
Add: Broadband Losses excl. Telephony $0.0 50.0 50.0 50.0 $0.0 0.0 $0.0 50.0
EBITDA excl. New Serv. Start-up Losses $343.1 $162.9 $373.1 $403.7 $3743 $398.7 S411.8 $4531.8
Operating Murgin 39.0% 39.5% 39.8%. 41.2% 37.6% 37.8% % 40.2%
% Change 14.3% B.6% 7.8% 7.5% 9. 1% 9.9% 10.4% 12.4%

E= Morgan Sianlev Research Estimates
Note: Data revenues in 2002 are shown gross of the affiliate fee: in 201, these revenues are shown net of the affiliate fee.
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Exhibit 141
Cox Communications
Cable Television Operations, 2000-2006E

($ Mitlion except per data:

Actual Pro Forma

2000 2001 2000 2001 2002EF 2003E 2004F 2005E 2006E

Homes Passed 9710963 9979207 5.710.963 9.979.20 10,129,739 10281.685 10435911 10.592.44%  10.751.33¢
%» Change 20.9% 2.8% 1.1% 2.8% 1.5% E.5% 1.5% 1.5% 1.5%.
Basic Subscribers 6193317 6237888 6193317 6.237.888 6281553 6325524 6.369.803 6414391 6.459.292
% Change 20.6% 4.7% 1.9% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7%.
Homes Passed Penetration 63.8% 62.5% 63.8% 62.5% 62.0% 61.5% 61.0% 60.6% 601,
Premium Subscriptions 4174447 4098.88) 4.174447 4.008.881 4097162 4,080,976 4057472 4025913 jes1°
% Change 29.0% -1.8% 0.8% -1.8% 0.0% 0.4%, [.6% £0.8% <0.9%
Basic subscriber Penetration 67.4% 65. 7% 67.4% 65. 7% 65.2% 64.5% 63 7% 62.8% 61.7%
Digital Subscriptions 841.824 1386030 84].824 1.386.03% 2008815 2534872 1.009.642 34271078 3.798.044
% Change 217.3% 64.6% 139.8% 64.6% 44.9% 262% 18.%% 13.9% 10.8%.
Homes Passed Penetration 8.7% 139% B.7% 13.9% 19.8% 24.7% 28.8% 32.4% 353,
Basic subscriber Penetration 13.6% 22.2% 13.6% 22.2% 32.0% 40.1% 47.2% 53.4% 588",
Premium Subscriber Paherration 20.2% 3315% 202% 33.8% 49.0% 62.1% T42% 35.1% 95.2%.
HSCDS Subscribers 481.947 883,562 481947 883,562 1,364,562 1945440 2549877 318751} 3802013
% Change 157.8% 833% 136.5% 833% 54.4% 42.6% 31.1% 25.0% 19.3%
Homes Passed Penetration 5.0% 8.9% 5.0%: 8.9% 13.3% 18.9% 24 4% 30.1% 35.4%.
Basic subscriber Penciration 7.8% 14.2% 7.8%. 14.2% 21.7% 30.8% 40.0%. 49. 7%, $8.9¢.
Maonthly Rep. Rev. per Basic Sub. $31.21 $32.42 s3I $32.42 $33.64 $35.32 $37.09 $38.94 $40.89
e Change 0.0% 39% 01% 19% 3.8% 5.0% 00 5.0% 5.0%
Monthly Rep. & Unreg. Rev. per Basic Sub 42.68 43.89 42.69 4389 46.09 4878 51.81 55.07 58.57
% Change 0.2% 2.8% 0.3% 2.8% 5.0% 5.8% 62% 6.3% 6.3%
Monthly Digitat Video Rev, per Digital Sub 11.00 12.28 11.00 1228 12.50 1313 13.718 14.47 15.19
% Change 0.0% 11H46% 0.0%: §1.6% 1.8% 5.0% 5.0% 5.0% 5.00
Monthly HSCDS Rev. per HSCDS Sub. 3179 3504 51.83 47.55 4143 41.71 41.08 40.7¢ 4043
% Chanpe -11.1% -7.3% 2195 $.3% -12.9% 0.7% -1.5% £.9% 0.7%
Repulmed Analoy Revenues £2,2524 $2.4125% 523010 $2.4125 52,5206 $2.671.7 328250 £2.987.0 $3.I5R3
%o Change 43.6% 71% 6.0% 4.8% 4.5% 6.0% 5 7% 5.7%. 57%.
Premium and Non-regulated Revenues 8277 8532 8455 8532 9331 1018.0 11215 1237.2 13657
% Change 44 6% 3% 0.6% 09% 9.4% 9.1% 102%, 10.3% 10.4%.
Dignal Video Revenues 490 161.1 40 1614 252.6 3578 458.5 $58.8 6587
% Change 264.3% 117.6% 2064.5% 117.6% 56.8% 41.6% 2R.1% 21.9% 17.9%.
HSCDS Revetues 1489 2857 2042 KLYXJ 5524 828.3 1.107.9 1.401.1 16955
%» Change 149.2% G1.9%. 241 8% '89.3"1- 42_,2% 50.0% 33.8%. 29_,5'{0 21.0%
Total Revenue s3M30  $1TILS S3424.7 $3.814.5 $4.258.7 $4.875.9 555129 $6,184.3 $6574.1
% Change 48.7% 12.4% 10.4% 11.4% 11.6% 14.5% 13.1% 122% 11.2%:

E= Morgan Sianiev Research Estimaies
Noie: Pro forma results assume that daia revenues are booked gross of the affiliate fee. In 201 and prior vears. Cox booked data revenues net of the affiliate
fee. but the company began booking gross dara revenues beginning in 2002
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Exhibit 142
Cox Communications
Cable Television Operations, 2000-2006E (continued)
13 Million exceps per data)
Acua)
2000 2001 2000 2001 _2002E 2003E 2004F 2005E 2006E
Total Revenue $3303.0 537125 $3.424.7 5385145 $4.258.7 S4.875.9 $55119 56.184.3 56.878.1
% Change 48 7% 12 4% 10.4% 11.4% 11.6% 14.5% 13.1% 12.2% F12%
Analog Programming Conts 844.6 946.0 £63.3 9469 1051.8 1136.2 12304 13338 1445
%s of Total Analog Revenue 27.4% 29.0%. 27 4% 29.0% 30.5% 30.8% 31.2% 31.6% 32.0%
Digital Prog. & Direct Costs si $242 1.1 242 608 921 1212 166.3 2091
% of Total Digital Revenue 15.0% 1508 15.0% 15.0% 24.1% 25.8% 278% 29.84. 3188
HSCDS Direct Opersting Costs 500 0.0 553 1019 122.0 17179 217.0 2750 KESRS
Y% of Totat HSCDS Revenue 0.0% 0.0% 27.1% 26.3% 22.1% 21.5% 19.6% 19 6% 19.7%.
Total Programming and Diret Coste. B5S B 9711 5297 10731 1.234.5 T406.2 15747 17750 1989.0
% of Total HSCDS Revenue 259% 26.2%. 27 1% 28.1% 29.0% 28.8% 28.6% 28.7% 28.9%.
Analog Service Gross Profi 22354 23188 22832 23188 24015 2,553.5 27160 28905 30775
% of Totat Analog Revenue 726% 0% 72.6% 71.0% 89.5% 69.7% £5.8% 68.4% B.0%
Digitat Service Gross Profit 629 1370 629 137.0 1919 2657 1312 1926 4495
% of Totat Digital Revenue 85.0% 85.0% 85.0% £5.0% 75.9% 4% 72.3% 70.3% 68.3%
HSCDS Gross Profit 1489 285.7 148.9 2857 4304 6304 8905 11261 13621
% of Total HSCDS Revenue 1000%  100.0% 72.9% 13.7% 77.9% 18.5% 80.4% 80.4%, 80.3%,
Total Gross Profit S1.4473  S2.74)4 514950 SLI4l4 530242 S3469.6  33.938.2 $4409.2 $4389.1
% of Total Revenue T41% BE% T2.9% L% 7.0% 2% T14% T1.3% 1%
Other Operating Costs 2553 2886 265.3 2889 052 361.0 3990 4274 4565
%5 of Total Revenues 7% 7.8% 7.7% 7.6% 1% 7 4% T2% 5.9% 6.6%
Marketmg Cosls 1804 184.3 180.5 1843 M 240.0 2698 302.) 3322
% of Total Revenues 5.5%, 5.0% 5.3% 4.8% 50% 4.9% 4 9% 4.9% 4 8%
Gen. & Admin. Costs 655.5 7854 667.4 T85.4 8724 1.001.8 1.106.3 12043 13014
% of Total Revenues 19.8% 21.2% 19.5% 20.6% 20.5% 20.6% 20.1% 19.5% 18.9%
Operating Costs $1.9469 22297 $2.0429 323317 $2.620.0 $3.011.0 53,3499 $3.708.8 54,0795
Yo of Revenues 58.9¢. 60.15. 59.7%. 61.1% 61.5% 61.8% 60.8%: 60.0% 593,
EBITDA incl. New Serv. Start-up Losses x Telephony 813561 S1481.8  SLIBIS  SIAS18  S1.6387  SI8648  SLI1630  SIATSS 327986
Operating Margin 41.1% 9.9% 403% BI% 385% 38.2% .2% 40.0% 40.7%
Add: Broadbasd Losses excl. Telephony 0.0 0 0.0 00 0.0 00 0.0 0.0 04
EBITDA excl. New Serv. Stari-up Losses 31.3%6.1 ST.4B2.% 513819 S1.4828 $1.638.7 S1.A64.8 52.163.0 324755 $1.798.6
Operating Margin 41.1% 39.9% 03% % 38.5% IBI1% 39.1% 40.0% 40.7%
% Change 51.3% 9.3%. 9.0% 7.3% 10.5% 13.8% 16.0% 144% 13.1%

E= Morgan Slaniev Research Estimates
Note: Pro forma resulls assume thai daia revenues ave booked gross of the affiliare fee.

fee. but the company began booking gross data revenues beginning in 2002
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Exhibit 143
Cox Communications
Residential Telephony Summary, Quarterly

Dollars m Millions, Except Per Daia

2001 2002E
10 20 3Q 40 10E 2QF IQE A0F
CATY Homes Passed 9843052 9866948 9936499 9979207 10016629 10,054.19t 10,091,895 10,129,739
% Change
Telephony Humes Passed 2644390 1816649 3142393 3338097 35130115 3688133 3863051 403R16F
% Change 9.0% 6.5% 11.6% 6.2% 5.2% 5.0% 4.7 4.5%
CATYV Homes Passed Penetrahon 26.9% 28.5% 31.6% 33.5% 35.1% 36.7% 38.3% 39.94,
Residential Telephony Subscribers 292230 344,524 398.813 453,572 505,572 558222 610872 663.19%
% Change 19.4% 17.9% 15.8% 13.7% 11.5% 10.4% 9.4% 8.6%
CATY Homes Passed Penetration 30% 3.5% 4.0% 4.5% £.0% 5.6% 6.1% 6.5%
Telephony Homes Passed Penetration 11.1% 12.2% 12.7% 13.6% 14.4% 15.1% 15,8% 16.4%
Residential Telephony Lines 393,705 456,084 518922 583.14 649,965 714,524 775807 835,630
% Change 17.7% 15.8% 13.8% 12.4% 11.5% 9.9% 8.6%: 7.7%
CATV Homes Passed Penetration 4.0% 4.6% 52% 5.8% 6.5% T1% 1.7% 8.2%
Telephony Homes Passed Penetration 14.9%, 16.2% 16.5% 17.5% 18.5% 19.4% 20.1%. 20.7%
Residential Revenue $40.1 $47.8 3559 $64.0 $68.8 576.3 $83.% §91.4
% Change 17.7% 19.1% 17.0% 14.4% 7.5% 10.9% 9.9%, 9.0%
As % Of Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 10 0% 100.0%,
Average Revenue per Line $36.75% $37.53 $38.26 $38.72 $37.19 $37.2% £37.51 $37.80)
% Change 0.7% 2.1% 1.9% 1.2% 3.9% 0.2% 0.6% 0.8%;
Average Revenue per Subscriber §49.85 $50.08 $50.18 $50.05 $47.81 $47.81 $47.81 $47.81
% Change -1,3% 0.5% 0.2% -0.2% -4.5% 0.0% 0.0% 0.0%
Total Variable Expenses 217 2319 252 29.5 323 359 39.4 41.4
% of Revenue §4.0% 56.0% 45.0% 46.0% 47.0% 47.0% 47.0% 45.3%
Gross Profit $18.5 $23.9 $30.8 $34.5 $36.5 $404 $44.4 $50.0
Y% of Revenue 46.0% 50.0% 55.0% 54.0% 53.0% §3.0% 53.0% 54.7%
Total Marketing Expense 4.1 42 4.1 39 4.4 LX 4.7 -
% of Revenue 10.1% 8.8% 7.3% 6.1% 6.4% 6.0% 5. 7% 5.7%
Towal G& A (other) Sk 1.6 108 9.2 12.5 12.6 1.7 1.7
Yo o Revenue 14.5%, 15.9%. 1435 14,34, 18.2% 10.0%. 13.9%. 12,85
Total G & A Emplovee Expense 34 4.0 4.7 5.4 4.4 4.9 5.4 50
% of Revenue 8.4% B4% 8.4% B.A% 6.4% 6.4% 6.4% 0.4%
Total Operating Expenses $13.2 $15.8 $i9.6 %184 $21.3 221 $21.k §22.%
% of Revenue 33.0% 33.0% 35.0% 28.8% 31.0% 29.0% 26.0% 24.9%
Residential Telephony ERITDA §5.2 $8.1 $11.2 sle.d 515.1 $18.3 3226 $27.3
% Change NM 55.8% 37.6% 44.1% 6.2% 21.0% 23.6% 20.4%
EBITDA Margin % £3.0% 17.0% 20.0% 25.2% 22.0% 24.0% 27.0% 29.8%
Amnual EBITDA per Line / Subscriber 5194 3255 $30.1 $37.R 3.6 $344 $38.7 $42.8
% Change NM ila% 17.9% 25.7% -16.6% 9.1% 12.5% 10.5%

E= Morgan Stanlev Research Estimares
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Exhibit 144
Cox Communications
Residential Telephony Summary, 2000-2008E

Daollars in Millions. Except Per Daia

2000 2001 2002E 2003E 2004E 2005E 2006E

CATY Homes Passed 9710963  9.979.207 10,129.739 10281.685 10435911 10592449 10751336
% Change 1.1% 2.8% 1.5% 1.5% 1.5% 1.5% 1.5%
Telephony Homes Passed 2426580 3338097 4.038.168 4748741 546997 6.202.022 6.295052
% Change 110.9% 317.6% 21.0% 17.6% 15.2% 13.4% 1.5%
CATV Homes Passed Penetration 25.0% 33.5% 39.9% 46.2% 52.4% 58.6% 58.6%
Residential Telephony Subscribers 244,653 453,572 663.198 B94.416 1,143.143 1402638  1.619.107
% Change 140.3% 854% 46.2% 34.9% 27.8% 22.7% 15.4%
CATV Homes Passed Penetration 2.5% 4.5% 6.5% 8. 7% 11.0% 13.2% 15.1%
Telephony Homes Passed Penetration 10.1% 13.6% 16.4% 18.8% 209% 22.6% 25.7%
Residential Telephony Lines 334,589 596.200 844,849 1139397 1456251 1.786.821  2.062.582
% Change 121.9% 78.2% 4.7% 34.9% 27.8% 22. 7% 15.4%
CATYV Homes Passed Pengtration 3.4% 6.0% 8.3% 11.1% 14.0% 16.9% 19.2%
Telephony Homes Passed Penetration 13.8% 17.9% 20.9% 24.0% 26.6% 28.8% 32.8%
Residential Revenue $106.1 $2079 $320.3 $433.7 $540.4 $683.3 $807.3
% Change 146.0% 959% 54.0% 35.4% 26.7% 24.4% 18.2%
As % Of Toral 100.0% 100.0% 100.0% 100.0% 100.0% FO0.0% 100.0%
Average Revenue per Line $36.64 $37.23 $37.04 $36.42 $35.27 335.11 $34.95
% Change -4.0% 1.6% -0.5% -1.7% -3.2% -0.5% 0.5%
Average Revenue per Subscriber $52.03 $50.06 $47.81 $46 .40 $44.94 $44.73 $44.53
% Change ~10.3% -3.8% -4.5% -3.0% -3.2% -0.5% -0.5%
Total Variable Expenses 64.6 100.2 148.9 200.2 2549 319,58 378.%
% of Revenue 60.9% 48.2% 46.5% 46.2% 46.4% 46.8% 46.9%
Gross Profit 541.5 $107.7 $171.4 $2334 $294.4 $363.% $428.5
% of Revenue 39.1% 51.8% 53.5% 53.8% 53.6% 53.2% 53.1%
Total Marketing Expense 12.6 16.2 19.0 222 24.7 270 27.7
% of Revenue 11.9% 7R 5.9% 5% 4.5% 4.1% 31.4%
Total G&A (other) 291 334 48.5 57.0 60.2 62.0 56.7
% of Revenue 27.4% 16.1% 15.1% 13.1% 11.0% 9.1% T0%
Total G & A Employee Expense 16.9 17.4 20.6 233 264 10.0 339
% of Revenue 15.9% B.4% 6.4% 5.4% 4.8% 4.4% 4.2%
Total Opersting Expenses $58.0 $67.0 $88.0 $102.5 $111.3 §1199 $118.3
% of Revenue 55.2% 32.2% 27.5% 23.6% 20.3% 17.5% 14.7%
Residentizl Telephony EBITDA {$17.1) 307 $83.3 $1309 5183.1 $243.9 $310.1
% Change NM NM 104.9% 57.0% 39.9% 33.2% 27.1%
EBITDA Margin % NM 19.6% 26.0% 30.2% 333% 35.7% 38.4%
Annual EBITDA per Line / Subscriber ($100.8) $116.5 $1492 $168.0 $179.7 $191.6 $205.3
% Change NM NM 28.1% 12.6% 7.0% 6.6% 1.1%

E= Morgan Stanlev Research Estimates
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Exhityit 145
Cox Communications

Commercial Telephony Operations, 2000-2006E

(5 Thouands. excep! per-share daia:

Semmary Netwerk Pacs
Markets Launched
Switches Instabled

Tousl Buildings On-Net

Reyeaut Bubld

¥ear End VGE Circuits
Avg. VGE Circuits

VGE Circutts Per On-Ne1 Buitding
Revenue VGE Circuit/Month
Data Services

As % of Total Revenue

Dedicated Transport/Other
As % of Tota] Revenue
% Growth Rate

Towal Dats Revenues
As % of Total Revenue
% Growih Rate

Year End Switched Access Lines
Avg. Switched Acoess Lines
Switched Lines Per Buildiny
Revenae Access Line’Month
Swhiched Access Reveswe

As % of Total Revene

4 Take of Long Dist by Switched Lines
Long Distance Revenue per Month ‘Line
Lowg Distance Revenwe

As % of Total Revenue

Total Voice Revenoes

As % of Total Revenue

*» Growth Rate
Total Revenue

% Change

Ralling 5-Year CAGR

Revenue per Cuslomer
Dau Services Direct Costs
Daia Services Direct Coxls a3 % Rev
Dedicated Transpon Direct Cosi
Daw Services Durect Costs us % Rev
Swiched Access Line Lhrect ( owe

Swuched Access Line Direct Costs a5 % Ret

Long-Distance Dirert Costs

Long-Dimance Durect Costs as % of LD Rey .

Toual Drirect Costs
Total Derect Costs &5 % of Other Rev.

Total Gross Profit
Gross Margin %

Sales and Marketing
Y% of Revesur
General and Admin. Expenses
% of Revenue
Tow! Operating Expetises
i 0f Revenue
Total EBITDA
EBITDA %
Change %

E= Morgan Stanlev Research Estimates
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2000 J00IE 2002E 2003E 2004 E J00SE 2004E
Ll 12 13 14 (L} 14 [E]
L 12 1% L] 14 14 14
4554 T84 B.754 9.804 10807 12004 13.280
1 200.684 1773340 2.100.960 2230964 2.48] 845 2,731,544 3,006,757
855,932 1404358 1.937,150 2,165,962 2356405 2.606.695 2869951
264 219 229 228 i 26 226
3500 3498 $4.73 $4.72 $4.72 $4.77 54.71
$51.356 $82.251 $106.137 $122. 7120 3533310 S147.543 $162.230
L2 7% 3% 139, A8%: 46% 46
16.22¢ 1412 12.000 12.240 11482 12734 L2980
178 Q% 8% A% 4% 4% 44,
102% -19% A% 2% 2% 2% 2%
$67.582 5908272 $118.137 $134.560 $145.99% 160,278 5175225
69%. 66% &A% 38% 52% 1% 495
B34 A1 % 24% % B 10% P
52,4060 92,406 104,323 176472 218130 253347 292,182
42,406 72406 98.364 140,397 197,301 245738 272.749
12 3= 12 18 20 n N
$43.00 $48.00 $48.00 $47.52 347,04 34657 $46.11
$24.424 $40.474 55,7 $80.060 $111.384 $131.752 5150912
284, 28%. 0% 5% 0% A2% 438,
25%. 205 200 206, 195 19%. 18%
$50.00 350.00 $49.00 §48.5] $48.02 $47.44 $47.07
6.245 8432 11,384 16.016 2¢.840 25318 28419
6% &% E 7% B% 2% 8%
$30.670 $48.900 $67.121 596,079 $133.224 £147.070 $179.331
3% 4% 6% 42%, 485, 49%, 1%,
83% 50%. 3% 43% . 18% 14%,
$97.807 $144.279 185,258 $231.03% $279.219 N7 $INEASR
82.1% 47.4n, 28 4% 24. 7% 2094 13.7% 11.7%
50.3% RLR Y 26.5%. 19,75
2,687 1954 1870 207 2247 2,303 23
513 B.228 10,614 12272 13351 14,745 16,224
100, 10%: 1P 107, 104 108 10%:
3.245 2.624 2,280 2302 23 2348 2371
2. 20% 19 19%, 1% 1B%. 18%
£ 00- [ILSRY 13,237 [%.%2- 28427 A 34430
25%. 28t 24%, 24%. 23%. 23% 2%
. brind 4.218 5408 T8I 9.761 H0.976 11951
S50 S0 48% 48% A5% A%, 42%
17.498 25,184 ILSW 40.779 $13ed 38438 64,975
1B%. 174 17% 18% 18% 5% 18%.
B0.300 119.09¢ 153,719 190260 227855 238.908 289.583
B2%. B, B 82% 824, 2%, 2%,
©.635 17313 078 25414 30.714 34,908 39.00!
105 12% B % 1% 1% 1% 1%
a2 36,26% 66,693 Bl.520 95.127 103,519 115417
A% A%, 6% 5% A% A% 3%
41911 73887 87071 106,940 125841 140427 15441k
434, LA 47% 46%, L LM A4% Ad%,
538,398 S4A 813 S66.448 839 102014 $118481 5138165
9.3, ALY 300 36.1% 3.5 37.3% I8 0%
9% 18% 46% 25%. 22% 16% 4%

Please see the important disciosures at the end of this report.
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Insight Communications (ICCI, $19, Underweight, Industry View: Attractive,

Target $22)

We rate Insight shares Underweight with a 12-month
price target of $22. At current prices. Insight i= trading at
15.8 times 2002E EBITDA and 13.5 1imes 2003E EBITDA
on a proportionate basis. We believe continued imeractive
digital and VOD rollouts and basic rate increases are the
key components for accelerated revenue and EBITDA
growth in 2002,

We expect total revenue and system-level cash flow
growth of 12.5-13.0% and 12.5-13.0%, respectively, in
2002. We project total revenue of $790-800 million and
operating cash flow of $370-380 million. After corporate
overhead expense, we estimate EBITDA growth of 14.0-
14.5%. which excludes one-time charges related to the
{@Home transition. The company’s guidance on operating
cash flow growth in 2002 is 14-16%.

The acceleration in revenue and EBITDA growth in 2002
versus 2001 is largely due to the rebuild in the llinois sys-
tems. Insight spent last year rebuilding and upgrading these
systems that were acquired from AT&T in January 2001.
These systems will require another year of rebuilds. As
VOD and telephony are deployed in rebuilt systems, we
estimate that Insight will be able to reach 15-16% EBITDA
growth in 2003 and 2004.

The company made the decision not 1o market the Insight
Digital product on the Illinois systems until the rebuild was
complete. In addition, the company made the decision not
to implement any rate increases on any of its systems until
they were completely rebuilt. The rebuilds in the non-
Nlinois svstems are largely completed and. thus. Insight
imdicated that it will implement larger rate increases on
these systems in 2002. We believe rate increases will aver-
ape about 5-6% during the year, which compares to an av-
erage of 2.4% in 2001. The company will not implement
rate increases on the lllinois systems in 2002 as these sys-
tems are still being rebuilt (represents about 360,000 cus-
tomers).

Digital Video Subscribers

We expect Insight to end 1Q02 with 280.000-290.000 digi-
tal video subscribers, representing weekly additions of
2.100. This compares to average weekly additions of 2,160
during 4Q01. Over 80% of Insight digital customers are
Insight Digital customers, while the remainder are digital

Broadband Cable Television — April 5. 2002

customers inherited through the AT&T systems acquired in
January 2001, Insight should begin marketing its Insight
Digital product to the Illinois systems during 2002. The
company has spent the past year rebuilding and upgrading
these systems in order to offer its imeractive digital product.

Insight ended 2001 with 950.000 VOD-enabled customers.
which represents about 75% of Insight’s total customer
base. The company indicated that it would trial $-VOD at
some point during the year. 1t did not note pricing strate-
gies, but the company did say that it would charge for the
service.

Cable Modem Customers

Insight should add 8.500-9,500 high-speed data customers
during 1Q02 to end the quarter with 96,000-99.000. In Feb-
ruary 2002, Insight completed the transition from the
@Home network 10 a backbone managed by AT&T
Broadband. In December 2001, Insight signed an interim
deal with @Home in which Insight paid $10 million for
continuation of the cable-modem service through the end of
February. During the transition, the company made the
decision to stop marketing the service. Insight cable mo-
dem service is now branded “InsightBB.”

Insight estimates that it will be able to reduce direct costs on
the modem product 10 about $9 per customer, which com-
pares to the $13 per customer that it paid to @Home as the
affiliate fee.

Residential Telephony

At the end of 2001, Insight had approximately 2 10.000
homes passed for residential telephony, with 7,500 sub-
scribers. The company has launched the service in Louis-
ville, Kentucky and Evansville, Indiana, and has plans for
launches in Columbus, Ohio, and Lexington, Kentucky.
Unlike residential telephony deployments by other MSOs.
Insight sells iocal bandwidth to AT&T under the agreement.
Insight does not bear marketing and G& A expenses and
therefore will not experience start-up losses. However, the
telephony product is offered on a co-branded basis.

Capital Expenditures and Plant Upgrades

Insight ended the year with 79% of its plant (including the
Hlinois systems) upgraded for 750 MHz and two-way capa-
bilities. Excluding the 1llinois systems, the plant was about

Please see the important disclosures at the end of this report.
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97% upgraded. The company expects to end 2002 with We expect Insight to incur $300 million in capital expend:-
999, of its plant (including the 1llinois systems) upgraded tures in 2002, largely for rebuilds in the Illinois systems.
for two-way and 750 MHz. telephony deployment. and interactive digital expansion.
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Extubit 146
Insight Communications
Broadband Cable Drivers

2% tn Mlhun,

Pro Forma with ATE ! Pro Forms with ATET Pro Forrm wih ATET
2000 2061 2002 1001 200} 200} 4001 1062E 2002 3002E S002E
Broadband Sutscribers

Basi 127884 1280360 1296537 1284980 1270100 127550 1,183,760 1288335 1290019 1391402 1296537
Pro Forma Baswe Growth % 0.5% 0.4% 1.0%
Basic ARPL 529.4( 53047 §3267 $30.27 §31.2% LRLE 23 3207 53287 §12.87 5128
Program. Costs a3 % of Analog Rer 2745 27.2% 27.0% 28.5% 26.9% 26.3% 2B.3¢, 271% 26. 7 Q0.0
Programmung Costs per sub %a Change 2% BA% 97% 914 8.6%, 3.9 &.5% 9. % 10,24 1Y 5
Digiual Video Subseribers 152,100 28178 A70.041 101300 201200 129,500 HTI0 5800 308400 23080
Weekly Addibons 1.08< 1.98% 2.160 2,185 L.40¢ AL 2082 ALY 1.800 2.200
ARPL 51213 519.1¢ 519.16 SIRTE 52007 S18.70 $19.12 519.10 Si19.06 S19.0¢
Basic Sub Penetraion 119 2005 2B.5% H.2% 15.85. 1B0% 20.1% 22 1% 21.9% 26.1%.
Digital Prog. Costs 85 % of Digt. Res. 280 40,08 40.0% 40.0%. 40.0%. 40.0% 40.0%. 0. 40,05 40.0%.
Cable Madem Sebicribers 1800 $5.060 170.680 63300 71300 24990 "8 97.200 113450 142,050 170654
Weekly Additions NA 695 1.588 B85 T LI 246 To 1,280 2,200 2.200
ARPL §18.9: $30.%¢ 538,00 $35.4% 539.74 $19.90 $41.80 $38.00 538.00 $38.00 §38.00
Basic Sub Penetration 4.1% 6.9% 11.2% 4.9% 58% M™% &9% T.8%. B8 15.0% 135
Affihiate Fee as % of HSD service res KRN o 6.3%. 325% 3500 IS0 350% 40.0% A0.0% 12.00. 32.0%. .
Fuaed Corts (11 §1%9.4 5180 ¥ 518585 $353 $39.0 §31.3 5350 $17.5 §a12 5190 $10.»
Fixed Ceosts (% Changer -10.%% -18% 6.0% NM NM NM NM NM NMm NM NM
Total Capttal Eapendavures 5262.2 53256 $310.2 Na NA NA Na NA NA NA ™A

Broadband (incl. Telephany)

Reverue Growth % 2.6%. S.6% 12.6% 4.4%. 0.4% 5.1% 5.9% S0m. 11.5% 12.6% 1294,
EBITDA Growth % KA NA §2.8% b 2.2% 4.2% A%, B.0% 12.4%. 13.2%. 14.0%.
EBITDA Margin %a 0.0% 47.5%. 47 8% 47.0% 46,25 A7 4% 49.1% 46.0%. 46.8%. 4B.0% 49.9%.
i1} GERA. ¢ and plani for cabie

E= Morgan Stanlev Research Estimates
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Exhibit 147
Insight Communications
Estimated 2002 Fair Market Value

(§ Millions Excep! t'+ Snare Data)

Nanonal Corporate &

Asset Description Operations Other Total
Core Cable Telewision Operanons $5.488.0 $5.488.0
Telephony 390.1 390.1
Management Fess (123.9 (1239
Other Assets
Liberate (883.682 shares) 5.9 59
Total Estimated Asset Value $5,878.0 ($117.9) 5$5,760.1
Less:
Debt 2,603.1 2749 $2.878.0
Preferred Stock 0.0 0.0 0.0
Minority Interest 1.637.5 0.0 1.637.5
Plus:
Cash 216.6 2166
Cash from Swock Options 0.0 0.0
Total Fair Market Value $1,6375 {5176.2) $1.461.3
Ciass A Shares Ourstanding 50.967 50.967 50.967
Ciass C Shares Outstandiing 10.226 16.226 10.226
Stock Options 4.158 4,158 4.158

Total Insight Comm, Shares Quistanding 65,351 65.35) 65.351
Total Fair Market Value Per Share $25.06 (32.70) 312.36
Supplemental Valuarion Darw Cable Towal
Estimated Asset Value £5.878.0 (8123.9) $5.754.2
2002E Cable/Telephony EBITDA 377.0 (16.0) 361.0
Esi. Asset Value/ Est. 2002E EBITDA 15.6x NA 15.9%
2003E Cable/Telephony EBITDA 435.4 (16.5) 4189
Esi. Asset Value / 2003E EBITDA 13.5x NA 13.7x
2002E Basic Subscnbers 1,296.537
Est. Asset Value per Basic Subscriber $4.534

E= Morgan Stanley Research Estimaies
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Exhibit 148
Insight Communications
Consolidated Annual Income Statement

i8 in ity tro Ferma With
_ATT Transston
2000 2001 20025 2003E 2004E 2005E 2006E
CABLE
Service Revenues 667.4 1039 T86.8 9059 1,040.¢ 1.194.0 13521
Operatiny Expenses 3492 369.0 4165 488.3 564 4 6483 13ib 1
Cable Sysiem Cash Flow 3182 334.% 370.3 4176 475.7 M5 e16.0

RESIDENTAL TELEPHONY OPERATIONS

Revenue 00 3 6.8 212 429 6.2 RE.D
Operating Expenses 0.0 0.7 0.6 35 12.2 23.7 0.7
Telephony Opersung Cash Flow 00 0.1 6.7 1.8 308 426 brN
CORPORATE/Other
Revenue 0.0 00 o 0.0 00 00 Q.0
Operauny Expenses 13.8 17.9 16.0 16.5 17.0 17.5 18.0
Net Cash Corporate Expenses 1150 (LR )] (16.0} {116.3) 17.0) {17.5) 118.0
TOTAL REVENUE $6674 $704.6 $793.5 9271 $1.081.1 $1.260.2 S1 4404
TOTAL EBITDA $303.2 $3164 $3610 I89 S489.5 5570.7 $655.6
Depreciation 1442 1784 199.0 2084 210.1 2§76 2258
EBITA 159.0 1380 162.0 2104 27194 35310 4297
Amortization 1330 2050 80 RO 8.0 B.C 30
ERIT 210 {67.00 1540 2024 2714 345 an?
Cash Interest Expense t87.3 1801 1802 182.1 177.% 169.5 2047
Noncash Imerest Expense 47 329 Jo.1 40.2 411 424 0.0
Onher income 18.2 0.0 0.0 040 0.0 00
Interest Income 34 7.3 7. 8.1 85 39 93
Pretax Profit before Equity Income (167.6) i254.6) 154.6) (L 613 1421 2264
Income trom Equity Interests 09 (2.00 (2.0 2m 2.0 2.0 2.0
Minority interesi 0.1 141.3 203 2.7 41.1» (835 {1250
Pretax Profit 175 {11583 136.3) 116.5) 18.2 565 990
Tax Provisson {31.y 146.6) (1.5 (34) 11 258 428
Current Taxes (155 0.0 tsh 34 10.5 25 % 42X
et Incame before Extraordinary Items i46.5) {68.7) (2504 113.1) 77 307 56.2
Exiraerdimary items (afier-rax ) 040 i€.1) oo 00 0.0 1] L
el itiean 1445 1748 (250 1l T Rl Sl
Preterred Dividends 4 8- 23] 1194y (19.5; (19.6) {19.7) {19.8) 1199
Net Income Available 10 Common Sharcholders 165.2} 94.2) (44,5 3z {12.0) 109 363
Avyp Basic Shares Quistanding 59.703 60.202 61.406 65.470 6570 65991 66.24%
Reponed Basic EPS 151.09) 8157 {$30.7T% 150.50) 30.18) 50.17 $6.55
Avg. Diluted Shares Outsianding 59.70% 60.202 61.400 65479 65,734 6599} 66.249
Reponed Diluted EPS $1.09) ($1.%6) 1$0.73) (50.50) {$0.18) $0.17 3015
Extraordmary ltemns per Diluted Share $0.00 $0.10 S0.00 $0.00 $0.00 $0.00 $0.00
Nonrecurnng hems (afier-ax) $0.00 30.20) $0.00 50.00 $0.00 $0.00 30.00
Adrusted Diluted EPS ($1.09) 51.66) {3070 (50.501 (50.18) 50.17 30,55
Amortization per Diluted Share 16 $1.00 $0.04 50.04 $0.04 50,04 $0.04
Equity Income per Dilused Share $0.00 {80.03) 150.03) (30.03) (50.03} (50.03) ($0.03)
Diluted Cash EPS 50.0¢ {30.67) ($0.72) (30.49) 30.18) 5017 50.5%

E= Moryan Stanlev Research Estimates
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Exhibit 146
Insight Communications
Balance Sheet Forecast

BALANCE SHEET ANALYSIS 2000 2001 2002E 2003E 2004E 2005E 20061
Cash & Marketable Secunties 616 216.6 216.6 260 2ok 216.6 Mo
Accounis Receivable 18.2 229 258 30.2 352 4.0 4nu
Other Currem Asseis 281 33 35.1 41.2 48.2 56.1 od.1
Toal Current Assels 108.0 2709 277.7 288.0 ARG 337 452.%
Prop.. Plant. & Equip. 1.115.3 1.626.3 1.822.6 1.893.5 1.9574 2.0304 2108 R
Accumutlated Depreciztion 294 .4 474.5 382.4 463.% 240 ¢ 6214 7051
Net Prop.. Plant. & Equip. (Rpt) 8209 1.E51.7 1.440.1 1.430.3 14165 1.400.0 1403 %
Inv inU lidated br 22 0.0 0.0 0.0 [LX¢] 00 0.0
Imangible Assets 1.270.6 2.397.1 2.389.) iR 23731 2365 23570
Other Assets 42 8 47.7 47.7 47.7 477 47.7 47.7
Total Assets 2.244.0 38674 4,154.7 4.147.1 41374 4.135.5 4.260.1
Short-term Debt 0.0 0.0 00 00 0.0 &0 o0
Accoun Pavable 46.2 67.1 676 69.7 106 159 195
Other Current Liabilities 714 95.0 95.0 95.¢ 95.0 95.0 95.0
Total Current Liabilities 123.6 162.1 162.6 1647 1656 1709 1745
Lonp-term Debr 13725 2,542 % 18780 2.867.7 27911 2.663.2 259109
Minority Inerest (47.9) 2556 2350 2383 2794 3629 4882
Deferred Taxes 60.8 0.0 [tXH] 00 0.0 0.0 o0.n
Otiver Liabilites 1949 2600 257.5 2684 2850 2922 LK)
Preferred Equity L] 0.0 0.0 0.0 0.0 00 0.0
Common Equity 5407 646.0 621.0 601.9 6187 646.4 702 6
Taotal Eguity 5407 646.0 621.0 607.9 6157 6464 7026
Tortal Liabilities & Equity 2.244.0 18674 41547 4.147.t 4,1374 4.135.% 4.261.%

E= Morgan Stanlev Research Estimates
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Exhibit 150
Insight Communications
Debt Capitalization

{5 Milivn:

Pro Forma

2000 200] 2002E 2003E 2004E 2005E 2006L
Inszgin Indiana Credit Facihin 2956 0.0 0.0 0.0 0.0 00 o
12 3/4% Semor Discount hotes due 2011 0.0 2449 2749 I08.0 3464 ABRK 400 1+
Subtotst For Insight Consolidsted Excluding Keatucky 5298.6 52449 $274.9 3MB.0 S SME.E $400.0
Kentucky
Midwest Holdings Credit Facilin 0855 1.580.0 16937 1.645.2 15288 1.358.4 12760
Revolving Credit Facitity - 8.38%. 3565 0.0 0.0 00 00 o0 [1R¢]
Hiph Yield Offerring - 8.5, 200.0 200.0 200.0 200.0 1000 2000 2000
insight Midwest Senior Notes - 10.5% - due 2010 4926 492 6 482 & 492.¢ 492.6 492 6 492 6
Subtotal $1.734.4 522726 52,386.3 $233548 $22214 $1,081.1 $1.968.6
Ohio
Notes o Banks and Instuitions 250 250 250 250 25.0 250 250
Subtotsl 250 5.0 250 2540 250 5.0 5.0
Tots! Debt $2.058.0 528428 $2.686.2 510694 515928 524649 323936
Sertes A- 10%, 1400 140.0 1400 1400 140.0 140.0 140.0
Series B - 12.875% 3 45.7 S1.& 58.3 583 38,3 38.3
Total Debt and Preferred Stock $22M2 51,7182 S2A78.0 $2.867.7 $21.191.1 $1.6632 322919
EBITDA $303.0 331604 $361.0 4180 $489.% $570.7 $655.0
Total Detn / EBITDA 6.8 8.0x 741 6.4 53 436 37
Tzl Detx and Preferred Siock / EBITDA T 8.6x 8.0 6.8 £.7x 4.7 4.0n
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Exrubit 151
Insight Communications
Revenue and Operating Cash Flow Comparison, Quarterly

€5 Millitnsy
2001 2002E
1] 20Q 30 4Q 1QE 20E QL 40k
Cable/Telephony Revenue
Analog $152.8 1553 51552 5i57.7 51589 $166.0 5165.6 $167.3
Dipial Cablc 9.5 11.6 121 140 156 171 18.¢ 20.3
Cable Modem 6.5 8.3 9.9 11.0 10.9 12.5 154 18.7
Towl Cable Television Revetiue 51687 §$175.3 31771 31827 S1854 51955 §$199.5 3200 2
Teiephom 0.0 0.0 2 0.3 1.0 1.7 240 2.0
Total Cable/Teiephony Revenue $168.7 £175.3 $1774 $183.1 1864 $197.2 $201.6 S208.3
10.5% 12.5% 13.6%. 137
Cable/Telephony Groas Profit
Analop 5104.6 $107.5 3107.6 $109.7 51065 $113.0 $1124 $113°
Digital Cable 57 6.9 13 B4 94 0.2 1t.1 2.2
Cabile Modem 4.3 5.6 6.5 7 6.7 N 10.7 13.9
Total Cable Television Gross Profit 51147 $1200 $1214 31248 51225 51319 $134.2 $130.8
Telephony 0.0 0.0 0.2 0.5 1.0 1.7 20 2.0
Total Cabie/Telephony Gross Profit $114.7 §120.0 $125.7 $125.2 $1235 $133.0 51363 $141.8
Gross Profit Marpin 67.9% 68.5% 68.6%: 63.4% 66.3% 67.7%. 67.6%: 68 1%,
Cable/Telephony EBITDA
Core Cable Television EBITDA 793 81.0 B4 898 85.0 .7 94.7 999
Video/Data Stariup Losses 0.0 0.0 00 0.0 0.0 0.0 (1] 0o
Telephony EBITDA 0.0 0.0 0.0 0.0 1.0 17 240 2.0
Towl Cable/Telephony EBITDA by X 81.6 4.1 §9.9 860 914 *%.7 19
BA% 14.0% 14.9% 13.4%
Cable/Telephony EBITDA
Total Cable Margins excl. Telephony 47.0% 46.2% 47.5% 49.2% 45.8% 46.4% 474% 48 4%
Telephony Margins £.0% 30%. KM NM S0 4% G9.4t., 90 4", 99.4%.
Tota) Cable/Telephony Margins 47.0% 46.2% 47.4% 49.1% 46.1% 468" 48 0%, 48.9%.
Corporate/Other
Revenue 0.0 [EH] 00 00 0.0 00 00 0.0
EBITDA 4.3) [EX 4.0 9.5) (4.0 4.0 14.0) 4.0
Totsl Revenue S168.7 $1753 $1774 51831 3iB64 $197.7 $201.6 5208.2
o Growth NA NA NA NA 10.5% 12.5% 13.6% 1374
Total EBITDA (Operating Cash Flow) 75.0 771 801 804 82.0 884 927 919
%o Growth NA NA NA NA 9.3% 14.6%« 15.7% 21.%%
EBITDA Margins 44 5%, 44 0%, 452%. 4398 44.0% 44 8% 456.0%. 47.0%
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Exhibit 152
Insight Communications
Revenue and Operating Cash Flow Comparisons, 2000-2006E

(5 Millions;
Pro Forma
2000 2001 2002E 2003E 2004E 2005E 2006E
Cable/Telephony Revenue
Analog $6384 $620.9 $657.8 56979 $744.7 $801.0 $860.2
Digital Cabie 13.6 47.1 71.% 102.3 138.6 180.7 9.8
Cable Modemn 15.4 35.8 57.4 105.7 156.9 2123 272.5
Total Cable Television Revenue 56674 $703.9 $780.8 $905.9 $1.040.1 51.194.0 $1.352.1
Telephony 0.0 0.7 6.8 21.2 429 66.2 R8.2
Total Cable/Telephony Revenue 56674 3704.6 5793.5 $927.1 $1083.1 5i.260.2 $1.440.4
7.6% 5.6% 12.6% 16.8% 16.8% 16.4% 14.3%
Cable/Telephony Gross Profit
Analog $463.2 $429.4 $445.6 $469.6 54965 5528.7 $562.1
Digital Cable 8.6 283 429 59.9 804 103.9 125.1
Cabie Modem 5.7 23.2 39.9 75.1 1114 150.1 192.5
Total Cable Television Gross Profit $477.6 5480.9 $528.4 $604.5 $688.3 $782.7 $879.7
Telephony 0.0 0.7 6.8 21.2 429 66.2 §8.2
Total Cable/Telephoay Gross Profit $477.6 $481.6 §535.2 $625.7 §731.2 $848.9 $968.0
Gross Profit Margin 71.6% 68.4% 67.4% 67.5% 67.5% 67.4% 67.35%
Cable/Telephony EBITDA
Core Cable Telewsion EBITDA 318.2 3343 3703 4]17.¢ 475.7 545.6 616.1
Video/Data Stuartup Losses 0.0 0.0 0.0 0.0 0.0 0.0 XU
Teiephony EBITDA 0.0 0.1 6.7 17.8 0.8 42.6 57.6
Total Cable/Telephony EBITDA 3182 3333 A770 4354 %06.5 588.2 673.6
9.0% 51% 12.83% 15.5% 16.3% 16.1% 14.5%
Cable/Telephony EBITDA
Total Cable Margins excl. Telephony 47. 7% 47.5% 47.1% 46.1% 45.7% 45, 7% 45.6%
Telephony Margins B.0% 99.4% 83.7% 70 7% 64,3% 65.2%
Total Cable/Telephony Margins 47.7% 47.5%, 47 5% 47.0% 46.8% 46, 7% 46.8%
Corporate/Other
Revenue 0.0 0.0 0.0 0.0 0.0 0.0 00
EBITDA (15.0) (17.9 16.0) (16.5) (17.0} 17.5) (18.0)
Total Revenue 5667.4 $704.6 $793.5 $927.1 $1.083.1 $1.260.2 514404
tabarowt) A 1260 16,8, (KR 4. 14.3".
Toral EBITDA (Operating Cash Flow) 303.2 364 610 4189 459.5 570.7 655.0
% Growth 4.4% 14.9% 16.0% 16.9% 16.6% 14.9%
EBITDA Margins 44 .94, 45.5% 45.2% 45. 2% 45.3% 45,5%

Note: 1Q01 adjusted 1o reflect consolidation of Greenwood Sysiems (which Insighit acquired in mid-January 2001) for the enlire quarter.
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Exhibit 153
insight Communications
Consolidated Cable Television Operations, Quarterly

($ millions, excepi per-share dala;

2001 - With AT&T 2002E

1Q 20 3Q 40 10F 2QF IQE 401

Homes Passed 2155000 2.166.000 2.1BLO00  2.200.800 2,200,053 2217306 2225550  123381C
% Change 2.1% 1.9% 2.4% 3.2% 2.4% 2.4% 2.0% 1.5%
Basic Subscribers 1.284.900 1,270.100 1275500 1.283.700 1.288.835  [.200.119 1291402 1296537
% Change 0.3% 0.4% 0.1% 0.4% 0.3% 1.6% £.2% 1.0%,
Homes Passed Penetration 50 5% 58.6% 58.5% 58.3% 58.3% 58.2% 58.0% 58.0%:
Premium Subscriptions 750382 741,738 744 892 749 681 754,377 755,128 755880 758 8RS
% Change -21.2% =20.6% -19.7% -19.3% 0.5% 1.8% 1.5% 1.2%
Basic Susberiber Penetration 58.4% 58.4% 58.4% 58.4% 58.5% 58.5% 58.5% 58.5%.
Digital Subscriptions 182.900 201.200 225,600 2570 285.000 308.400 337.000 370.041
% Change 158.0% 128.4% 882% 69.4% 55.8% 53.3% 46.8% 43.6%¢
Homes Passed Penetration 8.5% 9.3% 10.5% 11.7% 12.9% 13.9% 15.1% 16.6%.
Basic Susberiber Penetration 14.2% 15.8% 18.0% 20.1% 22.1% 23.9% 26.0% 28.5%
Premium Subscriber Penetration 24.4% 271% 30.8% 34 4% 317.8% 40.8% 44.6% 48.8%.
HSCDS Subscribers 63,300 73.300 84.900 88.100 97.200 113.450 142.050 170,650
% Change 241.2% 160.2% 116.6% 70.1% 53.6% 54.8% 67.3% 93.7%,
Homes Passed Penetration 2.9% 3.4% 39% 4.0% 4.4% 5.1% 6.4% 7.65%.
Basic Susberiber Penetration 4.9% 5.8% 6.7% 6.9% 7.5% B.B%: 11.0% 13.2%:
Monthly Reg. Rev. per Basic Sub. $30.80 $31.07 $31.50 $31.68 $32.36 $33.16 §33.16 $33.1e
% Change ~1.0% -0.1% 1.3% 1.9% 5.1% 6.7% 5.3% 4. 7%
Monthly Reg. & Unreg. Rev. per Basic Sub. $39.73 $40.52 $40.64 541.07 $41.19 $42.90 $42.717 843,10
% Change -4.2% -2.9% -3.6% -2.1% 3. 7% 5.9% 52% 4.9%
Monthly Digital Video Rev, per Dhgital Sub. S18.78 $20.07 $18.70 $19.13 MTAL $19.16 519.1¢ $19.10
% Change 68.7% 89.1% 57.8% 46.7% 2.t% 4. 5% 2.5% 0.2%
Monthly HSCDS Rev. per HSCDS Sub. 37.51 4]1.34 4]1.56 42 45 39.14 39587 40.10 i9.79
% Change 12.3% -1.8% -9.0% -15.8% 4.3% -4.3% -3.5% -0.3%
Regulated Analog Revenues $1i84 £119.1 $120.3 $121.6 $1249 51283 $128.4 5128.7
% Change 0.9% 0.3% 1.8% 2.8% 54% 7. 7% 6.8% 5.8%
Premium and Non-regulated Revenues 344 36.2 349 36.1 34.1 377 372 K}
% Change -13.8%. -10.8% -16.8% -12.8% 0.8% 4.1% 0.5% 7.0%
Digtial Video Revenues 9.5 1.6 12.1 14.0 156 17.1 18.0 203
% Change 254.6% 309.7% 245.5% 202.6% 64.2% 47.5% 53.5% 454%
HSCDS Revenues 6.5 LI 99 10 10.9 125 154 18.7
Sw Chanpe 212.34, 15700 126.0% 9305 O8.(%: 47.6% 55.8Y. ov.4'.
Total Revenue $168.7 $175.3 $177.4 §$182.7 51854 51955 $199.5 52063
% Change 4.4% 6.4% 5.1% 5.9% 9.9% 11.5% 12.6% 12.9%
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Exhibil 154
insight Communications
Consolidated Cable Television Operations, Quarterly {continued)

($ millions. except per-share daia}

2001 - With AT&T 2002E

10 20 3Q 4Q 1QE 2QE IOE 4QE

Total Revenue $168.7 $175.3 51711 $181.7 $185.4 $1955 $199.5 £206.3
% Change 4.4% 6.4% 5.1% 5.9% 2.9% 11.5% 12.6% 12.9%
Analog Programming Costs $48.1 $478 $47.6 $48.0 §52.4 §52.9 §832 §53.6
% of Total Analog Revenue 28.5% 27.3% 26.9% 26.3% 28.3% 27.1% 26.7% 26.0%
Digital Prog. & Direct Costs 18 4.6 48 56 6.2 6.8 7.4 8.1
% of Total Digital Revenue 40.0%, 40.0% 40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
HSCDS Darect Operating Costs 2.} 2.9 33 4.3 4.2 38 4.7 4.8
% of Total HSCDS Revenue 33.1% 331.6% 33.7% 39.4% 38.8% 30.7% 30.3% 25.8%
Total Programming end Direct Costs 54.1 583 557 519 62.9 63.0 65.3 66.5
% of Total Revenue 32.1% 1.5% 31.5% 31.7% 33.9% 32.5% 32.7% 32.2%
Analog Service Gross Profit 104.6 107.5 107.6 109.7 106.5 113.0 1124 1137
% of Total Analog Revenue 68.5% 69.2% 69.3% 69.6% 67.0% 68.1% 67.9% 68.0%
Dignal Service Gross Profit 57 6.9 13 84 94 10.2 111 12.2
% of Total Dignal Revenue 60.0%. 60.0% 60.0% 60.0% 60.0% 60.0% 60.0% 60.0%
HSCDS Gross Profit 43 5.6 6.5 6.7 6.7 8.7 10.7 139
% of Total HSCDS Revenue 66.9%, 66.4% 66.3% 60.6% 61.2% 69.3% 69, 7% 74 &
Total Gross Profin 114.7 120.0 121.4 1248 122.5 1319 134.2 13938
% of Total Revenue 67.9% 68.5% 68.5% 68.3% 66.1% 67.5% 67.3% 67.8%
% Change 39.7% 39.8% 40.1% 39.0% 6.0% 11.8% 11.1% 13.5%
(hher Operating Costs 19.0 19.7 18.9 173 18.7 20.6 21 20.2
% of Total Revenues 11.3% 11.2% 10.7% 9.5% 10.1% 10.6% 10.6% 0.8%
Marketing Costs 30 32 2R 26 33 35 3.2 35
% of Total Revenues 1.8% 1.8% 1.6% 1.4% 1.8% 1.8% 1.6% 1.7%
Gen. & Admin. Costs 133 16.2 15.5 15.] 154 17.0 155 16.2
% of Total Revenues 7.9% 9.2% 8.83% 8.3% 8.3% 8.7% 7. 7% 7.8%
Operating Costs 894 043 930 929 100.4 1048 104.9 1064
% of Revenues 53,08 53.8% 52.5% 50.8% 54.2% 53.6% 52.6% 51.6%
EBITDA (System Cash Flow) $793 S81.0 $84.1 $89.8 $85.0 $N.7 $94.7 5999
Opersting Margin 47.0% 46.2% 47.5% 49.2% 45.8% 46.4%. 47.4% 48.4%
% Change 0.2% 2.6% 4.3% 7.0 T.2% 11.9% 12.5%, 11.2%
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Exhibit 155
Insight Communications
Consolidated Cable Tetevision Operations, 2000-2006E

(5 millions. except per-share daia) tro Forma with
ATT Transacnion

2000 2001E 2002E 2003E 2004E 2005E 2006E
Homes Passed 2.133300 2200.800 2233812 2.267.319 2301329 2335849 2370.8%7
% Change 2.4% 3.2% 1.5% 1.5% 1.5% 1.5% 1.5%
Basic Subscribers 1278500 1283.700 1296537 1309000 1.321.000 1333000 1345000
% Change 0.5% 0.4% 1.0% 1.0% 0.9% 0.9% 0.9%
Homes Passed Penetranion 59.9% 58.3% 58.0% 57.7% 57.4% 57.1% 56.7%
Premium Subscriptions 928.600 749,681 758.885 761,766 767,936 774723 773820
% Change -1.8% -19.3% 1.2% 0.4% 0.8% 0.9%% -0.1%
Basic Susberiber Penetranion 72.6% 58.4% 58.5% 58.2% 58.1% 58.1% 57.5%
Digital Subscriptions 152,100 257.700 370.041 493,853 642,175 795902 899.727
% Change B7.3% 69.4% 43.6% 33.5% 30.0% 21.9% 13.0%
Homes Passed Penetranon 7.1% 11.7% 16.6% 21.8% 27.9% 341% 37.9%
Basic Susberiber Penetration 11.9% 20.1% 28.5% 37.7% 48.6% §9.7% 66.9%
Premium Subscriber Penetration 16.4% 34.4% 48 8% 64.8% 83.6% 102.7% 116.3%
HSCDS Subscribers 51.800 88.100 170.650 281.734 401.665 531.674 673,186
% Change 564.1% 70.1% 93.7% 65.1% 42.6% 32.4% 26.6%
Homes Passed Penetration 24% 4.0% 7.6% 12.4% 17.5% 22.8% 28.4%
Basic Susbcriber Penetration 4.1% 6.9% 13.2% 21.5% 30.4% 39.9% 50.1%
Monthly Reg. Rev. per Basic Sub. $31.10 $31.26 $32.96 $34.34 $35.88 $37.50 $30.1R
% Change 6.8% 0.5% 5.4% 4.2% 4.5% 4.5% 4.5%
Monthly Reg. & Unreg. Rev. per Basic Sub. $41.83 £40.49 $42.49 $44.64 $47.19 $50.30 $£53.53
% Change 4.8% -3.2% 4.9% 51% 57% 6.6% 6.4%
Monthly Digital Video Rev. per Digital Sub. $11.78 $19.17 $18.99 $19.74 $20.33 $20.94 $21.57
% Change -17.0% 62.7% -0.9% 1.9% 3.0% 3.0% 3.0%
Maonthly HSCDS Rev. per HSCDS Sub. 44,21 42.68 3698 38.94 38.20 37.91 37.69
% Change -49.2% -3.5% -13.3% 5.3% -1.7% -0.9% -0.6%
Regulated Analog Revenues $474.6 $479.4 $5103 §536.9 8566.2 $597.1 $629.6
% Change T1% 1.0% 6.4% 52% 5.5% 5.5% 54%
Premium and Non-regulated Revenues 163.8 141.5 147.5 161.0 178.5 2039 2306
% Change 0.3% -13.6% 4.2% 9.1% 10.9% 14.2% 13.1%
Digrial Video Revenues 13.6 47 71.5 102.3 138.6 180.7 219.5
% Change 04.0% 246.0% 51.8% 43.0% 35.4% 30.4% 21.4%
HSCDS Revenues 15.4 ERRS 574 105.7 156.9 2123 2728
% Change 0.0% 132.1% 60.3% $4.1% 45 4% 35. 3% 28 4%
Total Revenue 56674 $703.9 $7868 59059 51,0401 51,1940 $1.352.1
% Change 7.6% 5.5% 11.8% 15.1% 14.8% 14.8% 13.2%
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Exhibit 156
Insight Communications
Consolidated Cable Television Operations, 2000-2006E (continued)

5 nrillions. excepi per-share data) tv. rorma with
ATT Transaction

2000 2001E 2002E 2003E 2004E 2005E 2006E
Total Revenue $667.4 $7039 $786.8 59059 51,040.1 51,194.0 $1.352.1
% Change 7.6% 5.5% 11.8% 15.1% 14.8% 14.8% £3.2%
Analog Programming Costs 175.2 191.5 212.2 2282 2479 2723 298.1
% of Total Analog Revenue 27.4% 27.2% 27.0% 25.2% 23.8% 22.8% 22.0%
Digital Prog. & Direct Cosis 50 189 286 42.5 58.2 768 94.4
% of Total Digiial Revenue 36.8% 40.9% 40.0% 41.5% 42.0% 42.5% 43.0%
HSCDS Direct Operating Costs 9.7 126 17.5 30.6 45.8 62.1 799
% of Toral HSCD'S Revenue 62 8% 35.3% 30.5% 29.0% 29.2% 29.3% 29.3%
Total Programming snd Direct Costs 18%.9 2230 2583 4 se M3 472.4
% of Total Revenue 28.4% 3. T% 328% 33.3% 33.8% 34.4% 34.9%
Analog Service Gross Profit 4632 4294 445.6 469.6 496.8 5287 562.1
% of Total Analog Revenue 72.6% 69.2% 67.7% 67.3% 66.7% 66.0% 65.3%
Digital Service Gross Profit 80 283 429 59.9 804 1039 1251
% of Towal Digital Revenue 63.2% 60.0% 60.0% 58.5% 58.0% 57.5% 57.0%
HSCDS (Gross Profit 5.7 232 399 75.1 111.1 150.1 192.5
% of Total HSCDS Revenue NA 64.7% 69.5% 71.0% 70.8% 70.7% 70.7%
Total Gross Profit 4716 480.9 528.4 604.5 6883 782.7 879.7
% of Total Revenue 71.6% 68.3% 67.2% 66.7% 66.2% 65.6% 65.1%
% Change 1.6% 0.7% 92.9% 14.4% 13.9% 13.7% 12.8%
Other Operating Costs 66.6 749 80.7 94.1 106.2 1194 134.4
% of Total Revenues 10.0% 10.6% 10.3% 10.4% 10.2% 10.0% 9.9%
Marketing Costs 8.0 116 13.6 i8.1 210 244 279
% of Total Revenues 2.7% 1.6% I.7% 2.0% 20% 2.0% 2.1%
Gen. & Admin. Costs 74.7 60.0 639 74.7 853 934 101.7
% of Total Revenues 11.2% 8.5% 8.1% 8.2% 8.2% 7.8% 1.5%
Operating Costy $349.2 $369.0 $416.5 $488.3 55644 $648.3 $736.)
% of Revenues 52.3% 52.5% 52.9% 53.9% 54.3% 54.3% 54.4%
EBITDA (System Cash Flow) $318.2 $3343 $370.3 54176 $475.7 $545.6 $616.0
Operating Margin 47.7% 47.5% 47.1% 46.1% 45.7% 45.7% 45.6%
% Change 9.0% 5.1% 10.8% 12.8% 13.9% 14. 7% 12.9%
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The foilowing analysts. strategists. or research associates (or members of their household) own securities in a company that
they cover or recommend in this report: Megan Lynch - Disney. Benjamin Swinburne - AT&T, Disney.

The information and opinions in this report were prepared by Morgan Sianley & Co. Incorporated (“Morgan Stanley™). Morgan Stanley has
no obligation to tell you when opinions oi information in this repont change. Morgan Staniey and its affiliate companies are involved in many
businesses that may relate to companies mentioned in this report. These businesses include market making and specialized trading. risk arbi-
trage and other proprietary trading. fund management, investment services and investment banking.

This report is based on public information. Morgan Staniey makes every effort to use reiiable, comprehensive information, but we make no
represeniation that it is accurate or compiete. We are not offering to buy or sell the securities mentioned or soliciting an offer to buy or sell
them.

Within the iast three years, Morgan Stanley, Morgan Staniey DW Inc. and/or their affiliate companies managed or co-managed a public of-
fering of the securities of AT&T, Adelphia Communmications, Cablevision Systems, Charter Communications, Comcast Corporation, Cox
Communications, and Insight Commumications.

Morgan Staniey. Morgan Stanley DW Inc. and/or their affiliate companies make 2 market in the securities of AOL Time Wamer, AT&T,
Charter Communications, Comcast Corporation. and Insight Communications.

An employee or director of Morgan Stanley, Morgan Stanley DW Inc. and/or their affiliaie companies is a director of AOL Time Warner.

Morgan Stanley, Morgan Stanley DW Inc., affiliate companies, and/or their employees may have an investment in securities and derivatives
of securities of companies mentioned in this report. These derivatives may be issued by Morgan Stanley or others associated with it.

The securities discussed in this report may not be suitable for all investors. Investors must make their own investment decisions based on
their own investment objectives and financial position. Morgan Stanley recommends that investors independently evaluate each issuer, secu-
rity or instrument discussed, and use any independent advisers they believe necessary. The value of and income from your investment may
vary because of changes in interest rates or foreign exchange rates, changes in the price of securities or other indexes in the securities markets.
changes in operational or financial conditions of companies and other factors. There may be 1ime limitations on the exercise of options or
other rights in your securities transactions. Past performance is not necessarily a guide to future performance.

This publication is disseminated in Japan by Morgan Stanley Japan Limited and/or Morgan Stanley Nippon Securities Limited: in Singapore
by Morgan Stanley Dean Witter Asia (Singapore) Pte., regulated by the Monetary Authority of Singapore; in Australia by Morgan Stanley
Dean Witter Austratia Limited A.B.N. 67 003 734 576, a licensed dealer, which accepts responsibility for its contents; in cerain provinces of
Canada by Morgan Stanley Canada Limited, which has approved of, and has agreed 10 1ake responsibility for, the contents of this publication
in Canada: in Spain by Morgan Stanley, S.V., S.A.. a Morgan Stanley group company. which is supervised by the Spanish Securities Markets
Commission (CNMV) and states that this document has been written and distributed in accordance with the rules of conduct applicable 10
financial research as established under Spanish regulations: in the United States by Morgan Stanley & Co. Incorporated and Morgan Stanley
DW Inc., which accept responsibility for its contents; and in the United Kingdom, this publication is approved by Morgan Stanley & Co.
International Limited, solely for the purpuses of section 21 of the Financial Services and Markets Act 2000. Private U.K. investors should
obtain the advice of their Morgan Stanley & Co. international Limited represemative about the investments concerned.

This report may not be sold or redistributed without the written consent of Morgan Stanley Dean Witter & Co. Morgan Stanley is a service
mark of Morgan Stanley Dean Witter & Co.

Additional information on recommended securities is available on request.
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ANALYST STOCK RATINGS
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Estimating discrete-choice models of product
differentiation

Steven T. Berry*

This article considers the problem of “supply-and-demand” analysis on a cross section of
oligopoly markets with differentiated products. The primary methodology is to assume that
demand can be described by a discrete-choice model and that prices are endogenously
determined by price-setting firms. In contrast to some previous empirical work, the techniques
explicitly allow for the possibility that prices are correlated with umobserved demand factors
in the cross section of markels. The article proposes estimation by “inverting” the marke!-
share equation to find the implied mean levels of utility for each good. This method allows
for estimation by traditional instrumemal variables technigues.

1. Introduction

®  Traditional “supply-and-demand™ analysis has long been a staple of empirical eco-
nomics. This analysis attempts to uncover cost and demand information from market data
under the assumption of a static, perfectly competitive equilibrium. In recent years, in-
crcasing attention has been paid to estimating demand and cost paramcters under imperfect
competition. Much, though not all, of this existing literantre on estimation under imperfect
competition is tied to homogeneous goods markets.

This article considers the problem of estimating supply-and-demand models in mar-
kets with product differentiation. In common with some previous articles, market demand
is derived from a general class of discrete-choice models of censumer behavior. The utility
of consumers depends on product characteristics and individual tuste parameters; product-
level market shares are then derived as the aggregate outcome of consumer decisions.
Firms are modelled as price-setting oligopolists, and endogenous market outcomes are
derived from an assumption of Nash equilibrium in prices.

The proposed estimation methods do not requirc the econometrician to observe all
relevant product characteristics. The presence of unobserved product characteristics allows
for a product-level source of sampling error. More importantly, it reintroduces the econo-
metric probiem of endogenous prices (or “simultancity™) that is familiar from studies of
homogeneous goods markets. In these studies, the “error” in the demand equation is usually
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given an explicit structural interpretation as representing unobserved (by the econometri-
cian) demand factors. These demand factors are, by inspection of the supply curve, seen
to be correlated with prices. It is well known that ignoring the correlation between price
and the demand error frequently leads to findings of upward sloping demand curves and
other anomalies.

As is illustrated below, similar problems arise in the study of differentiated products
markets when some product characteristics are unobserved. Importantly, unobscrved prod-
uct characteristics are a feature in many markets that economists study. Characteristics
such as style are inherently difficult to quantify but are frequent determinants of demand.
In some markets, products may be physically similar but differ in consumers’ perceptions
about quality, durability, status, or service at point-of-sale. Also, in practice, the number
of product characteristics that are important to consumers may be much larger than the
number of observations available to the econometrician, making it impossible to estimate
the separate effects of each characteristic.

The endogeneity of prices that follows from the presence of unobserved product char-
acteristics is not just an econometric quibble. A later set of Monte Carlo resuits will dem-
onstrate that (as in the homogeneous goods case) estimation methods that ignore the
endogeneity of prices in the presence of unobserved product characteristics can be severely
misteading. In a more concrete example, the importance of price endogeneity is illustrated
by Trajtenberg's (1989) careful study of the medical CT scanner market. This study notes
that, in some cases, prices appear to have a positive effect on demand. In Trajtenberg’s
model, this finding implies that an increase in price increases consumer benefits. Consis-
tent with the arguments made here for the importance of unobserved product character-
istics, Trajtenberg attributes this anomaly to the presence of unobserved product quality.
Empirical results on the automobile industry, reporied in Berry, Levinsohn, and Pakes
¢1993), are also consistent with the importance of accounting for unobserved product
characteristics.

In the homogeneous goods case, demand parameters can be consistently estimated in
the presence of unobserved demand factors via the use of traditional instrumental variables
methods. However, in the context of discrete-choice models, both prices and unobserved
product characteristics enter demand equations in a nonlinear fashion. This frustrates any
straightforward application of instrumental variables methods.

This articie introduces a method for avoiding the nonlinear instrumental variables
problem. This method inverts the function defining market shares to uncover the mean
utility levels of various products as specified by the primitives of the model. These mean
utility levels can then be related to product characteristics and prices using instrumental
variables techniques. The mean utility method is applicable to a wide class of discrete-
choice models, does not rely on the existence of a unique equilibrium, and frequently
involves a smaller computational burden as compared to previously used alternatives.

After a brief description of related models, I shall outline the basic framework of
discrete-choice demand and oligopolistic pricing. The method of recovering mean utility
levels is then introduced and discussed. To illustrate, [ show how to implement the method
in several special cases, including logit, nested logit, and the vertical differentiation model.
Final sections of the article discuss some problems with and extensions of this approach
and also provide some Monte Carlo evidence.

2. Previous empirical models of differentiated products oligopoly

B Markets with perfectly homogeneous goods are empirically rare, although not un-
known. Accordingly, empirical models of differentiated products oligopoly have received
some attention. Empirical studies of differentiated products oligopoly address topics as
varied as the mode of market conduct (e.g., Bresnahan, 1987), the welfare effects of the
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introduction of new products (Trajtenberg, 1989), or of dereguiation (Morrison and Win-
ston, 1986). The focus in this article will be on estimating structural demand and cost
parameters without reference to specific applications; applications that are related to the
concerns of this article include those of Berry (1990), who estimates separate cost and
demand effects of airline hubbing, and Berry, Levinsohn. and Pakes (1993), whose article
embodies and extends the wicas of this article in an empirical study of the automobile
industry.'

Perhaps the simplest approach for dealing with endogenous prices in a differentiated
products industry is to posit simple aggregate (that is, market Jevel) demand curves in
which quantity demanded is decreasing in a firm’s own price and increasing in the price
of its rivals. Consider, for example, the constant elasticity framework:

In(g) = a,+ 3 nxln{p) + e, ' )
i

where 7, is the elasticity of good j with respect to the price of good k. When € and p are
correlated, the demand systern described by (1) can be easily estimated by traditional
instrumental variables techniques. The well-known problem, however, is that a system of
N goods gives N? elasticities to estimate, which is a very large number in many real-world
applications. For example, in the automobile industry model of Bresnahan (1987), there
are close to 100 distinct products, implying almost 10,000 separate elasticities.

It is possible to avoid the problem of “too many elasticities” by placing a priori
restrictions on the pattern of cross-price elasticities. For example, a researcher could decide
that many of the cross-price elasticities are equal to zero or that many sets of cross-price
clasticities are equal to each other. This approach is obviously arbitrary, and in many
markets, economic theory will provide little guidance on such restrictions.

It is desirable, thersfore, to put some structure on the demand problem in order to
reduce the number of demand parameters. This article will impose such structure by mak-
ing assumptions on consumer utility. The utility of a given consumer is assumed to depend
an the characteristics of the chosen product, on random consumer “tastes,” and on a small
set of parameters to be estimated. Market demand is then derived as the aggregation of
individual consumer choices. Explicitly deriving aggregate demand from consumer choices
has several advantages. This approach avoids the problems of (1) by deriving all the rel-
evant demand elasticities from a much smaller number of utility parameters. Also, the
resulting model can make predictions about the demand for new products and about the
demand for dissimilar products found in different markets. Finally, such a model allows
us to move easily between statements about aggregate demand and statements about con-
sumer utility.

Discrete-choice models are a common, tractable, and parsimonious method for ob-
taining the desired structure on demand. This parsimony comes at some cosl, as the models
rule out the purchase of multiple items and do not easily incorporate dynamic aspects of
demand. Furthermore, they typically place important parametric restrictions on the demand
structure. Discrete-choice models of product demand have, of course, a long history in
econometrics, most notably influenced by McFadden (e.g., McFadden (1974)). Recently,
discrete-choice models have received increasing attention in the theoretical literature on
differentiated products oligopoly, either as a means of justifying particular assumptions
on aggregate demand or as an independent focus of analysis.?

! The model of this articie is also related to the hedonic pricing models of Griliches (1971), Rosen (1974),
and Epple {1987). Indesd, my mode) implicitly produces a hedonic cquilibrium pricing function thet depends
on product characteristics. However, the focus in this article on structural estimation with price-setting firms
and unobserved demand characteristics differs from the typical focus in the hedonic literature.

? Theoretical works that apply discrete-choice models to the study of oligopoly product differentiation
include Shaked and Sutton (1982), Saninger (1984), Perloff and Salop (1985), Anderson, DePalma, and Thisse
(1989}, and Caplin and Nalebuff (1991).
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In an empirical study that is related to the approach taken here, Bresnahan (1987)
uses a discrete-choice model with vertically differentiated products to study the automobile
market. In this model, consumers care about product quality, which is modelled as de-
pending on observed product characteristics. Bresnahan’s mode] has several features that
I shall also employ below. Consumer utility will be modelled as depending on product
characteristics, consumers will be allowed to purchase an “outside good,” and explicit use
can be made of the first-order conditions of price-setting firms. In a defect shared with
Bresnahan (and with nearly all empirical studies of differentiated products), product char-
acteristics will be treated as exogenous, although product prices are determined within the
model. However, in contrast to Bresnahan's model, I shall consider the presence of unob-
served product characteristics and shall discuss a much broader class of discrete-choice
demand models. Both of these issues will suggest the use of estimation methods that are
substantially different than those used by Bresnahan.

3. The model

®  The primitives of the model are the characteristics of products, consumer preferences,
and the equilibrium notion. All characteristics and all decisions are assumed to be ob-
servable by all participants in the market. However, the econometrician does not observe
all of the product characteristics and may not observe the decisions of individual con-
sumers. The econometrician is assumed to observe the market outcomes of price and quan-
tities sold by each firm.

For now, I shall assume that we observe a large number, R, of independent-markets. -
There are N, firms in market r, with each firm producing one product. For product j in
market r, observed characteristics are denoted by the vector z, € R®. (For simplicity, I
often drop the market subscript r.) The elements of z; include characteristics that affect
demand (x;) and marginal costs (w)). The charactenstics of all firms in the market arc
included in the vector 2 = (z,, ... , zy). Similady, x = (x), ... ,xy) and w = (wy, ..., wy).

The unobserved characteristics of product j are (§, ), where £ is an unobserved
demand characteristic and w; is an unobserved cost variable. The unobserved character-
istics in a market are assumed to be mean independent of Z and independent across mar-
kets. Together, z, £, and @ define the data that are causally “exogenous” to the firm’s
pricing decisions. Assuming that the unobservables are mean independent of the product
characteristics amounts 10 treating the product characteristics as econometrically exoge-
nous. While common, this assumption is unreasonable in many cases. The problems raised
by models with endogenous product characteristics are discussed in Section 9.

O The discrete choice model. The utility of consumer i for product j depends on the
characteristics of the product and the consumer: U(x;, &, p;, v, 64), where x;, &, p;, and
6, are observed product characteristics, unobserved (by the econometrician) product char-
acteristics, and price and demand parameters, respectively. The term », captures consumer-
specific terms that are not observed by the econometrician. All the estimators discussed
below require parametric assumptions on the consumer-specific variables; these assump-
tions are analogous to the choice of a functional form for a homogeneous goods demand
equation. Different choices for the utility function and for the density of » will have im-
portant implications for the resulting model.

I shall focus on a simple random coefficients specification for utility, which is quite
simple, yet flexible enough to illustrate the main points of the article. In this specification,
the utility of consumer i for product j is given by

u,-}-=ij,-“ap,-+§j+e,-j, (2)
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where the (unobserved to the econometrician) consumer-specific taste parameters are §;
and €, The parameter & is written as invariant actoss consumers, although this 15 not
necessary. The term £ might be thought of as the mean of consumers’ valuations of an
unobserved product characteristic such as product quatity, while the ¢, represents the dis-
tribution of consumer preferences about this mcan.

For simplicity. 1 shall decompose consumer i's taste parameter for characteristic k as

sén =By + ok (3

where B, is the mean level of the taste parameter for product & and the mean-zero {u has,
e.g., an identically and independently distributed standard normal distribution across in-
dividuals and characteristics. Combining (2) with {3), we can write

u; =x;8+ £ —ap,+ v
with

V= [E‘;legkgil] + €. C))

The term v; is thus a mean-zero, heteroskedastic error that captures the effects of the
random taste parameters. 1 denote the mean utility ievel of product j, which will play an
important rote below, as

8,=x;8—ap,+§, (3)

It is common in traditional logit and probit models to assume that the variation in
consumer tastes enters only through the additive term ¢,, which is assumed to be identi-
cally and independently distributed across consumers and choices. While parsimonious,
it is rarely noticed that this assumption places very strong restrictions on the pattern of
cross-price elasticitics from the estimated model. I shall here summarize the more detailed
discussion of this problem that is found in Berry, Levinsohn, and Pakes (1993).” In the
model with identically and independently distributed consumer tastes, only the mean utility
levels, 8, differentiate the products. Therefore, all properties of market demand, including
market shares and elasticities, are determined solely by the &,. In particular, cross-price
elasticities can only depend on the value of §,, with no additional effect from individual
product characteristics or prices. In the automobile market, for example, this property
implies that any pair of cars (j, k) with the same pair of market shares (s;. 5 will have
the same cross-price elasticity with any given third product. This property will hold re-
gardless of whether both j and k are small inexpensive cars or one car is a subcompact
and one is a luxury car. It is important to note that this property is a function of the
identically and independently distributed additive error and not of any specific distribu-
tional assumption (such as logit} on the errors.

Models that have random coefficients, 8, on the product characteristics avoid the
problem of a priori unreasonable substitution effects. An increase in the price of product
J affects only those consumers who currently purchase good j. In the random cocfficients
model, these consumers will typically have values for 8; that differ from the mean. These
selected consumers will therefore substitute toward a particular group of products; gen-
erally, these products will “resemble™ product j. This same property will hold for many

* See also the earlier. related discussions in Tversky (1972), Hausman and Wise (1978), and McFadden
(1981).
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specifications in which consumer and product characteristics are interacted, so that differences
between consumers have a systematic effect on their preferences. For example, this prop-
erty will hold in studies that use consumer data and interact observed characteristics of
consumers with product characteristics.

Given the functional form assumptions, the discrete-choice market share function,
4, is derived in the usual way. Each consumer purchases one unit of the good that gives
the highest utility. That is, conditional on the characteristics (x, £ and prices p,
consumer i will purchase one unit of good j if and only if for all & = 0.and k# ],
Ux;, &, pjr i 80 > Ulxy, &, Pr» W, 6. This implicitly defines the set of unobservable
taste parameters, v, that result in the purchase of good j. Define the set of consumer unob-
servables that lead to the consumption of good jas A(8) = {w\ §; + ¥, > & + v, Yk # jt
The market share of the jth firm is then the probability that v, falls into the region A,
Given a distribution, F(-, X, o), for », with density f(*, x, o), this market share is

(8%, . £),%, ) = j Fv, x, @) dv, ©)
A 48)

where the integral is over the set of consumer unobservables implicitly defined by A,

To complete the specification of the demand system, we should discuss the size of
the market that allows us to move between market shares and observed quantities in the
presence of an outside altemative.

D Market size and the outside good. The measure of consumers in a market is denoted
M. This number is either observed as the population of a2 market or left as a parameter 10
be estimated. The observed output quantity of the firm is then'

qj = M‘J(x! g- P- ad')' (7}

In addition to the competing products j = 1, ... , N, I shall also assume the existence
of an outside good, j = 0. Consumers may choose to purchase the outside good instead
of one of the N “inside” products. The distinction is that the price of the outside good is
not set in response to the prices of the inside goods. In the absence of an outside good,
consumers are forced to choose from the inside good and demand depends only on dif-
ferences in prices. Therefore, a general increase in prices will not decrease aggregate
output; this is an unfortunate feature of some discrete models that have been applied to
the empirical study of differentiated products markets (e.g., Mormrison and Winston (1986)).

However, the presence of the outside good with market share 5, means that obser-
vations on the output quantities of the N firms {q,, ... , gx) are not sufficient to calculate
the market shares of the N + 1 total alternatives. If the total market size M is directly
observed, then s; can be calculated easily as s, = g,/M. For example, Berry, Levinsohn,
and Pakes (1993) set market size equal to the number of households in the economy.
Otherwisc, M will have to be estimated. When there is information on a number of mar-
kets, M can be parameterized as depending on market-level data (such as population) that
vary across markets and that affect the aggregate level of output (e.g., Bemy (1590)).
Methods for estimating M will be application specific, and in the remainder of this article,
I assume that M is observed.

* If output quantity is formed as the sum of M distinct draws on consumer prefcrences, then (7) represents
oaly the expected output quantity. Observed marke: shares would include a random error with a variance of
«f1 — 4}/ M. shall treat (7) as the observed output quantity, which is consistent with assuming a continuous
measure of consumers, rather than M distinct consumers.
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O The supply side. The N firms in a market are assumed to be price setters, although
alternate models of firm bchavior are easy to incorporate. Total costs for firm j are given
by the function C{g;, w,, @;, ¥), and marginal costs are cAg;, W), @, ¥), where v is 2
vector of unknown parameters. Profits for firm j are then

wip. 2, E o, 0) = pMafx, E. P, 0) — CAq, w;, @, 7)), (8)

wherc 8 = (8,4, ¥).
Assuming the existence of a pure-strategy interior equilibrium, the price vector sat-
isfies the usual first-order conditions®

[pj = CJ'(QP W‘,, w}v 7)][5“}(xi §- P, Bd)/ap;] + ‘1 X, §| F, ad) = 0

or
p,=c,+tef}dsfop;]. 9

If the N such first-order conditions define a unique equilibrium for all possible values of
the observed and unobserved data and for all possible values of the parameters, then the
first-order conditions implicitly define the “reduced-form™ price, 4(z, £, ®, ), as a func-
tion of the exogenous data and the parameters. The equilibrium price, together with
the dernand function, then defines the reduced-form expression for equilibrium quantities:
21z, £, w, §) = My(x, &, Az, &, w, 0), 6,). In a later section, I shall note that these
reduced forms could be used as the basis of an estimation routine. The next section, how-
ever, introduces a simpler and more general method.

4. Estimating from the mean utllity levels

® The discrete-choice model of the last section is entirely traditional except for the
unobserved product characteristic £. However, the presence of & raises a difficult econo-
metric problem. Consider a demand equation that relates observed market shares, s;, to
the market shares that are predicied by the model, 4:

5, =a(x,p, £ 0). (10)

The right-hand side of this equation contains both prices and product level demand errors.
We expect the unobserved product characteristics to be correlated with prices; thus, the
right-hand side prices are endogenous in the sense that they are comelated with the un-
observables. Instrumental variables methods are a traditional solution to this problem of
endogenous prices. However, the unobservables enter (10) in a nonlinear fashion, thus
frustrating the application of traditional instrumental variables methods.

To solve this problem, 1 propose transforming the market shares so that the unob-
served product characteristics appear as a linear term. Let us begin with the simple case
in which the distribution of consumer unobservables is known, so that market shares de-
pend only on mean utility levels:

s, =4 @G =1,...,N). (i

At the true values of 8 and of market shares, s, these equations must hold exactly. (The

* I shall consider only pure siratepy equilibria in this anticle; mixed strategy equilibria would complicate
the anaiysis considerably. Caplin and Nalebuff {1991) provide a useful discussion of the existence of equilibrium
in this class of models.




BERRY / 249

distinction between the observed market shares s, and the market share function 4(®) is
important here.)} The point is that the mean utility levels 5; contain the aggregate error &
therefore, conditional on the true values of & (and given a density, f) the model should
fit the data exactly.

The exact fit of the model conditional on the mean utility levels & can be exploited
in an estimation procedure. If the vector-valued equation s = «(8) can be inverted to pro-
duce the vector & = 4~ '(s}, then the observed market shares (together with the distributional
assumption on v) uniguely determine the means of consumer utility for each good.

Under weak regularity conditions on the density of consumer unobservables, the ex-
istence of a unique &*(s) that satisfies 5 = 4(8*(s)) is established in the Appendix. There,
I show that (conditional on setting the mean utility of the outside good, 5,, equal 1o zero)
the market share function is one-to-one. | also establish that, for every possibly observed
vector of market shares, s, there is a vector of utility means & € R"*' that will create that
observed vector by the relation s = «8). Thus, every vector of observed market shares
can be explained by one and only one vector of utility means. For any density f(-, x), we
can therefore calculate the vector & from observations on the market shares alone.

The unique, calculated vector 8(s) can then be used in a simple estimation procedure.
When the density of ¥ is known exactly, so that the market share function depends on no
unknown parameters other than the vector 8, then the calculated mean utility levels can
be treated as a known, nonlinear transformation of the market shares, s. From (5), for the
true values of (8, a),

8isy=x;8—ap; +§; {12}

We can treat (12) as an estimation equation and use standard instrumental variables tech-
niques to estimate the unknown parameters. That is, we can run an appropriate instru-
mental variables regression of 8{s) on (x;, p) to estimate (8, a), treating & as an unobserved
error term. The fact that §(s) is a transformation of the original data on market shares is
not important; except for the computational problem of inverting the market share function,
this is little different than similar estimation procedures that take some other transformation
of the observed data (e.g., logarithms) as a dependent variable.

The correlation of p; with § suggests the use of instruments for prices. Cost variables
that are excluded from x;, such as input prices that vary across firms, are traditional in-
strumnents in homogeneous goods markets and they continue to be appropriate in the pres-
ent context. Interestingly, in product differentiation models with exogenous characteristics,
the characteristics of other firms (x,, k # j) are also appropriate instruments. These arc
appropriate because they are excluded from the utility function (u,; does not depend on x,)
and they are correlated with prices via the markups in the first-order conditions. This is
a specific example of the general proposition that, in imperfectly competitive markets,
demand-side instruments can be variables that affect markups as well as variables that
affect marginal cost. Thus, it may be possible to obtain consistent estimates of demand
parameters even in the absence of excluded “cost-side™ variables. This idea was developed
in detail by Berry, Levinsohn, and Pakes (1993).

The idea of estimating the demand parameters 8 and « by an instrumental variables
regression of 8, on characteristics and prices is similar to the homogeneous goods regres-
sion of ovtput quantities on demand factors and prices. In the homogeneous goods case,
demand parameters can be estimated with cost-side instruments under the relatively weak
assumption that the demand error is uncorrelated with the instruments. Similarly, estimates
of the demand parameters (8, @) can be obtained in the present case by inverting the
market share function without the need for assumptions on either the parametric distri-
bution of the unobservables, £, or on the actual process that generates prices.
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In the differentiated products model, there is one demand equation, of the form in
(12), for each good in each market. If we have access to a large sample of independent
markets, then we can obtain consistent estimates of demand parameters by treating each
market as a separate observation. This approach aliows for arbitrary correlation between
demand unobservables within markets. If, instead, we assume that the § arc independent
across firms, then the dcmand paramcters 8 and a might be estimated from a dataset
containing cross-sectional information on a large number of firms within a single market.
This contrasts with the homogeneous goods case, in which a single market and single time
period imply a single observation on demand.®

Next I present two simple special cases, in which it is quite casy to solve for mean
utility levels as a function of observed market shares. Logit, the first examgple, is the best-
known special case of the mode! in Section 3. The second example, the venical differ-
entiation model, is a simple variant of the random coefficients model which has been
prominent in the empirical literature (e.g., Bresnahan (1987)).

Example: the logit model. Suppose we begin with the utility function in (2) and make the
familiar assumption that ; = B8 (no random cocfficicnts) and that €; is identically and
independently distributed across products and consumers with the “extreme value” dis-
wribution function exp (—exp (—€)). The market share of product j is then given by the

well-known logit formula
N
+/(8) = e‘f/(}_j e“‘). (13)
k=0

With the mean utility of the outside good normalized to zero,
In@s)—In@)=8=xp—ap, +§, (14)

so §; is uniquely identified directly from a simple algebraic calculation involving market
shares. Thus, the logit case suggests a simple instrumental variables regression of differ-
ences in log market shares on (x,, p)). This casc is unusual as, in many cases, 8 must be
solved for numerically. Unfortunately, as noted, the logit model produces unreasonable
substitution patterns.

Example: the vertical differentiation model. In the vertical model of product differentiation
(see Shaked and Sutton (1982) and Bresnahan (1987)) consumers agree about the quality
of each good but disagree about the value of quality. Consider the utility function

u, = 4w = P, (15)
with y; representing the quality of product j and v, a scalar random variable representing

the value that consumer i places on guality. Assume that quality depends linearly on the
observed and unobserved characteristics of product j:

¥, =x;B+ ¢ (16)

Also, order the products in increasing quality, ¢, < ¢ < ... < ¢, and denote the cu-
mulative distribution of » as F(»), with density f(v).

* However, in the case of & single market, prices are correlated across firms (via the first-order conditions)
cven if the £ arc independent across firms. This raiscs important econometric issues of dependence that 1 shall
not address here.
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If v, is assumed to have mean one (which is just a normalization on the units of
quality), then mean utility is still §, = x;8 — ap; + §, with a = 1. In this model, ¥, is
effectively a single random coefficient that interacts with observed and unobserved char-
acteristics. That is, we can write utility as a slight variant of (4):

H; = [Et: xjkﬁt”i] - p; + i,

In some respects, the vertical model is the opposite extreme of the logit model. In
the logit model, there arc as many consumer characteristics, €, as there are products. In
the vertical model, there is only one consumer characteristic: v,, the “taste™ for quality.
In the logit model, all products are strict substitutes for one another, while in the vertical
model, only products that are adjacent in the guality dimension are substitutes.

It is well known that market shares in the vertical model are defined by the cutoff

points:
A;=(p,— p-)f;—¥,-), 1S j=N. an

For consistency of notation, also define cutoffs A, = —= and Ay,, = ®. In equilibrium,
A, is increasing in j and consumer J purchases good j if and only if 4;,, > »; > 4, giving
market shares of

5; = F(Ajﬂ) — F(A)). (18)

We can use this market share equation to solve recursively for the cutoff points and then,
from prices together with the definition of the cutoffs, can solve for the implied quality
levels. Solving for A, in the market share equation gives the recursive relationship

with initial value A, = F~'(1 — sx) (3). Given values for the price and quality of the
outside good, p, and ¢,, the remaining values for quality can then be recursively deter-
mined from

W=+ (p;— p-d/A, (20)

Since 8, = y, — p;, solving for the quality ievels in (20) is equivalent to solving for mean
utility levels. Note that (16) and (20) do not separately identify ¢, from the mean of x,8,
so we can normalize , to zero. In a more complicated framework, the price of the outside
good could be estimated, but for simplicity, I assume p, = 0.

If we then maintain the assumption that the £s have mean 2ero conditional on the
x's, B can be estimated by regressing the calculated ¢;’s on the product characteristics. If
the distribution of the taste for quality depends on any unknown parameters to be esti-
mated, then the estimation procedure must be modified, as discussed in the next section.

As noted, both the logit and the vertical differentiation model place very strong re-
strictions on the pattern of estimated cross-price elasticities. The following section will
discuss the extension to richer models.

5. Estimating density parameters

B in the immediately preceding discussion, I have assumed that the density of the vector
of consumer characteristics is known to the researcher. While this assumption is imposed
by much of the existing literature, one might prefer to assume a parametric family of
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densities. In this section, I shall assume that the density of ¥, f(-, X, 0), depends on a
vector of unknown parameters, o, which is to be estimated.

In many cases, we may have no particular interest in o itself but are instead concerned
that a narrow distributional assumption on tastes will yield unreasonable estimates of eco-
nomically interesting values, such as cross-price elasticitics. For example, as in the random
coefficients model, one may wish to specify a set of parameters that allow us to estimate
the relationship between product characteristics and substitution patterns.

Once the distribution of consumer characteristics is parameterized to depend on den-
sity parameters o, the market share function and the implied mean utility levels will also
vary with o. The mean utility levels are implicitly defined from the vector of equation
s = «b, o). Inverting, the demand equation is

88,0 =xB+ap;+§,. 2D

We can continue o use an instrumental variables technique to estimate (o, B, a). How-
ever, note that the parameters o will now frequently enter the estimating equation in a
nonlinear fashion, so nonlinear least-squares {or generalized method of moments (Hansen,
(1982)) techniques may be necessary o estimate the mode] parameters. Furthermore, the
presence of o increases the number of parameters to be cstimated and so increases the
number of required instruments.

To illustrate, I next consider two models, the nested logit and the full random coef-
ficients model, in which the distribution of consumer tastes depends on unknown param-
cters to be estimated. Each of thcse models involves interactions between consumer and
product characteristics, where the interactions are modelled as depending on a small num-
ber of parameters.

Example: nested logit. In contrast to the simple logit model, the nested logit model or
“tree extreme value™ model (McFadden, 1978; and Cardell, 1991) preserves the assump-
tion that consumer tastes have an extreme value distribution but allows consumer tastes
to be correlated (in a restricted fashion) across products j. This allows for more reasonable
substitution patterns as compared to the simple logit model. In this section, I shall briefly
review the nested logit model and show how to analytically invert the market share function.
1 follow Cardell’s (1991) exposition of the nested logit, which has the advantage of
using an explicit factor structure that is similar to the random coefficients model. First
group the products into G + 1 exhaustive and mutually exclusive sets, g = 0, 1, ... , G.
Denote the set of products in group g as $,. The outside good, j = 0, is assumed to be
the only member of group 0. For product j € $,, assume that the utility of consumer i is

u; =8, + {, +{1 — a;, (22)

where, once again, &, = x8 — ap; + § and ¢, is an identically and independently dis-
tributed extreme value. For consumer i, the variable £ is common to all products in group
£ and has a distribution function that depends on o, with 0 = ¢ < 1. Cardell shows that
the distribution of { is the unique distribution with the propeny that, if € is an extreme
value random variable, then [{ + (1 — o)€] is also an extreme value random variable. As
the parameter o approaches one, the within group correlation of utility levels goes to one,
and as o approaches zero, the within group correlation goes to zero.

We can interpret (22} as a random coefficients model involving random coefficients
{, only on group-specific demmy variables. That is, if d; is a dummy variable equal to
one if j € $, and equal to zero otherwise, we can rewrite (22) as

wp =8, + 3 [d il + (1 — o)eyy,
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which is similar to (4). Thus, the nested logit model allows us to model correlation be-
tween groups of similar products in a simple way. However, unlike the mors general
random coefficients model, the nested logit allows correlation patiems to depend oniy on
groupings of products that are determined prior to estimation and not on the values of
continuous variables.

If product j is in group g, the well-known formula for the market share of product j
as a fraction of the total group share is

;J'fe(a' o) = [CBJI‘]_‘)‘}/D” {23)

where the denominator of this expression for a product in group g is

D=3 &M
€Y,

Similarly, the probability of choosing one of the group g products (the group share) is

1 —a)
46, 0= ——, (24)
[2o]
¥
giving a market share of
3;/(1-0)
8B, 0) = 4,;,,(8, 0) 4,(8, 0) = ———. (25)
D:- [§ Dt‘I —Ir)]

With the outside good as the only member of group zero and with 8, = 0, D, = 1 and
S0

48, ) =1 / [% D;""].

Having set out the basic model, we can now derive a simple analytic expression for
mean utility levels. Taking logs of market shares,

InG)=In(s,) =8,/(1 — o) = aln(Dy). {26)
This expression depends on the unknown value of D,. Taking the log of the group share
in (24), In (D,) = [In (5,) — In (s,)1/(1 = @), where the observed group share is denoted $,.
Substituting this into (26) and combining terms gives the analytic expression for 48, o)’

8(s,0)=1In(s) —n(@;,y - In(s). @n

This is the same as the logit equation (14), except for the additional term o In (5,).
Setting 5, = x,8 — ap; + £ and substitsting in from (27) for §; gives

Ins) —In(s,) =x,8—ap; +cln(s,,) + £ (28)
so that estimates of B, a, and o can be obtained from a linear instrumental variables

regression of differences in log market shares on product characteristics, prices, and the
log of the within group share. This last term is endogenous, suggesting the need for additional

' This formula can be easily (but somewhat tediously) exicnded to the case of multiple levels of nests
and different correlation parameters, o,, for different groups.
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exogenous variables that are correlated with the within group share. These variables might
include the characteristics of other firms in the group.

Note that the nested logit model is an example with nontrivial interactions between
product and consumer characteristics that, on the demand side, still allows for linear es-
timation techniques. Because the nested logit only allows for simple patierns of correlation
between products, 1 shall briefiy return to the full random coefficients model, which allows
for more complicated pattems.

Example: the full random coefficients model. In this model, the market share equation is
now difficult to calculate, but the general discussion of solving for the vector & does not
substantially change. Each set of vaiues for the ,, the standard deviations of the random
cocfficients in (4), will imply a different relationship between the observed market shares
s and the utility means 8. Typically, one will have to solve for the &'s numerically.

There remains the problem that, for a large number of products, and for arbitrary
assumptions on consumer tastes, the integral defining market share in the random coef-
ficients mode] may be difficult to calculate. In the context of market level data, this is
effectively an aggregation problem. Pakes (1986) suggests the use of simulation methods
to solve such aggregation problems, and an extension of this technique is employed in
Berry, Levinsohn, and Pakes (1993). This last article also shows how to incorporate in-
formation on the empirical distribution of consumer characteristics (such as the actual
distribution of income) into the random coefficients framework. Interesied readers are
referred to that article for details on using simulation to calculate market shares and to
solve for &;.

Obviously, there is a tradeoff between the larger (but still feasible) computational
burden of the Berry, Levinsohn, and Pakes algorithm versus the simple, but still quite
restrictive, nested logit. The nested logit may be preferred when a heavy penalty is placed
on computational complexity, or when a researcher wants to model substitution effects as
depending only on predetermined classes of products. The random coefficients modet will
be preferred when a premium is placed on estimating richer patterns of demand.

6. The pricing equation and the supply side

B Sections 4 and 5 used no information from the price-setting process. If we are willing
to assume that observed prices are the result of an interior, pure strategy Nash equilib-
rium in prices, then we can also make use of the information contained in the first-order
equations for equilibrium prices in (9). Note that, under the assumptions of Section 3,
ds,/0p, = —ad4;/88;, so the first-order conditions can be rewritien as depending on 84,/88;.
Then, given the vector of utility levels as derived from the inverse market share function,
the term 34,/35; can be obtained by simple analytic or numeric differentiation of the market
share function evaluated at the appropriate value of §. Thus, given the distribution of
consumer tastes, both §; and d¢,/38; can be treated as known transformations of the data.

The discussion of cost-side estimation is eased if we assume that marginal cost is linear
in the unobservable cost term w;. If we make the simple assumption ¢; = &(g;, w;, ¥} + w;,
then the first-order condition implies that®

l
P = é(qjv w,, Y) + ; [sj/{asj/aaj)] + w;. (29)
Equation (29) can now be treated as an estimation equation in much the same manner as

{21). The observable right-hand-sidc variablcs of (29) are the terms defining the mcan
marginal cost function, &(g;, w;, ¥}, and the markup term, s;/{34,/38). The parameters to

" While not necessary, the assumption that marginal cost is linear in the unobservable is useful because
it produces a linear errur in (29).
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be estimated are the cost function parameters, ¥, and the marginal disutility of price in-
crease, a. Note that the right-hand side of (29) includes variabies that are econometrically
endogenous in the sense that they are correlated with w;; these endogenous variables are
outputs, g,, market share, s, and the market share derivatives, d4/88;. Therefore, appro-
priate instruments must once again be found.

Excluded demand-side parameters {elements of x; that are not inciuded in w;) are, as
usual, available as cost-side instruments. However, it may be unreasonable to assume the
existence of x variables that are valued by consumers but do not affect marginal costs.
Once again, the characteristics of other firms are also available as instuments. In equi-
librium, these characteristics will be correlated with own-firm output and therefore cor-
related with market shares and with 34/88,. Also, in a cross section or time series of
markets with differing populations, population is a potential instrument for output quan-
tines, g;.

Finally, it is obviously possible to jointly estimate the demand and supply equations,
(21) and (29). Joint estimation would take into account the cross-equation restrictions on
parameters: « and the substitution parameter, o, affect both demand and supply. Once
again, an example of joint estimation is found in Berry, Levinsohn, and Pakes (1993).

Examples of first-order conditions. In this subsection, I shall discuss the supply equations
that are implied by the simple special cases discussed above. To simplify the examples,
I make the assumption that marginal cost is constant in output and linear in product
characteristics,

¢ =wiy+ w, (30)

It is easy to derive the first-order conditions for the logit model. Because in this model
34/88; = s{1 — &), the first-order condition is
1

.=——-‘-c.,
Piman=-5) ¢

which, given (30), implies a supply equation for the logit model of

: 1 1
p;=wiy+ a0 -1, + w;,
where the parameters to be estimated are ¥ and (1/a). The logit joint estimation problem
is then defined by this equation together with the logit demand equation from (14).
In the vertical model, which depans slightly from the model of Section 3, the first-
order conditions can be derived from dg/ap; = —[f(A. )/ (Y., — &) + FIA)/(; = -]
Defining price minus markup as

vimp,—s,/)8/0p;| = p; = s,/ (B;) /s — ¥ + FAN/ W, — ;-] (3D

estimates of v can be found from an OLS regression of y, on w,. Further instruments are
necessary in this model only when the density, f, is assumed to depend on unknown pa-
rameters. In this case, nonlinear instrumental variable methods may be necessary.

In the nested logit model, differentiating the market share equation (25) gives

(31)

1
B&;/BSI = (1__;;5} [1 - O'.S-'”' - (l - 0')3}].
The implied pricing equation is
(-0
p;=wyy+ - 1 -os,—(1-0sl|+e, (33)

If o = 0, it is only the product share, s;, and not the within group share, §;,,, that affects
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the markup. Conversely, as o approaches one, it is only §;,, that matters. Thus, the re-
lationship in the data between prices, product shares, and group shares will help to identify
the substitution parameter, &.

Thus, in the three previously discussed cases with analytic solutions for 5;—Ilogit,
nested logit, and vertical differentiation—there are also analytic solutions for the supply-
side first-order conditions. in the full random coefficients model, however, the term 84;/98;
must often be obtained by numeric differentiation of the market share funciion.

7. Alternative methods of estimation

B While the method of inverting for mean utility levels is very easy for some of the
outlined special cases, in other cases, the procedure may appear to be overly burdensome.
In this section 1 shall briefly discuss two methods that may appear to be obvious, simpler
solutions to this probiemn but which are not. T shai also compare the mean utility method
to the reduced form method of estimating differentiated products models. The reduced
form method, which has been used in the past, imposes a very severe computational bur-
den and also requires more restrictive assuymptions.

Perhaps the most obvious econometric approaches for dealing with the unobserved
characteristic are either to estimate £ as a “fixed effect” or to “integrate out™ over some
assumed exogenous distribution for the unobserved heterogeneity £. Regarding the latter
suggestion, the price-setting model is inconsistent with any assumption of an exogenous
distribution for £, conditional on x and p. This foliows from the first-order conditions for
optimal prices, which imply that different values for § result in different levels of prices.
Thus, integrating (6) over the distribution of £ while holding prices fixed will not give
the average leve] of market share that would be observed as § varies.

Neither is it possible to separately estimate values of £ together with estimates of the
coefficients on x, and p,. Remember that mean utility is given by 8, = x8 + § — ap;.
Obviously, combinations of values for (£,, ... . &, B. &) that give the same values of
must also yield the same predictions for consumer behavior. Therefore, the vector £ is
not identified separately from the coefficients on firm-specific characteristics and prices.
This result is familiar from any analysis of grouped data: it is not possible to estimate an
individual group mean together with coefficients on variables that do not vary within the
group.

Another approach to estimation, which has been used by Bresnahan (1987) and Berry
(1990), requires solving for the reduced form of the model. Suppose we have established
the existence of a unique equilibrium &nd are willing (o assume the existence of a family
of probability measures, @(-/z, 6,), for the random variables (€, w). A nonlinear least-
squares (or method of moments) estimator can then be based on the difference between
the observed price and the mean of the reduced-form price.

To obtain this estimator, write the expected values (conditional on product charac-
teristics) of equilibrium prices and quantities as

Mz, 0, 8,)= fﬁ(z, £, o, ) ®(d(, w)/z.0,)

and

2, 6.6) = [ e, 0. 6 DG, w)/2.00. (34)
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where, once again, Az, £, w, 8) is the reduced form function defining price and ¢z, £, w 0
is the reduced form for quantities. We can usc thesc equations to rewrite thc model as

p=3@z 6%, 8)+v
and
q=g(z,06,6)te, ‘ 35

where the “prediction errors” (e, v) are, by construction, mean zero conditional on the
observed firm characteristics z. Thus, (35) can be used as the basis for a traditional non-
linear least-squares estimator of the model parameters.

The reduced form method is linear in observed prices and quantities, which allows
us to easily incorporate measurement error in prices and quantities. Indeed, Bresnahan
(1987) models measurement error, instead of unobserved product charucteristics, and adopts
a reduced form approach to estimation.

However, there are several problems with the reduced form approach. The expected
values in (34) are defined as integrals over implicitly defined functions. These are typically
very difficult to calculate, especially because a nonlinear estimation routine will need to
evaluate this function at many possible parameter values. Also, the integrals defining these
expected values implicitly depend on the existence of a unique equilibrium for all observed
values of x and for almost all values of the unobservables (§, w). Thus, existence of a
unique equilibrium at a particular set of values for (§, w) is not sufficient. As noted by
Caplin and Nalebuff (1991), it is very difficult to establish uniquencss in this class of
models. Interestingly, Caplin and Nalebuff establish uniquencss of equilibrium in the spe-
cial cases of the logit and vertical differentiation model. However, we have seen that the
mean utility method is easy in these cases, especially when compared to solving the in-
tegrals in (34).

8. Monte Carlo experiments

® In the introduction, I noted that Trajtenberg (1989) provided an example of empirical
work in which unobserved characteristics appear to have a dramatic effect on some real-
world parameter estimates. In order to provide a simple example of how the methods of
this article can correct for such a bias, Table | supplies Monte Carlo results for estimation

TABLE 1 Monte Cario Parameter Estimates 100
Random Samples of 500 Duopoly Markets
Logit Utility
O =1) ou=3
n (2) 3 1C))
Parameter True Value OLS v OLS v
B. 5 3.46 4.98 0.378 4.89
(-158) {.226) (.415) (.738)
Bx 2 1.41 1.99 325 1.95
(.058) {.091) (.127) (.272)
a ! 726 .995 .181 979
(.029) {.039) {.076) (.428)

Notes; The values given in the table are empirical means and (standard errors).
The utility function is &y = B, + Bax, + Guf; — ap; + €.
Marginal cost is ¢, = Jf*‘?.ﬁ"ﬁﬁv-iﬁvwf{' P !
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of the logit model with an unobserved characteristic. The data for these experiments were
created as follows. Each simulated sample consists of 500 duopoly markets (a reasonable
number of markets for the airline exumples of Morrison and Winston (1986) and Berry
(1990)).

With a slight abuse of the notation for £ and w, the utility of each consumer in each
market is given by u; = 5, + B,x; + 0,§ — ap; + €,, with ¢; being the appropriate logit
error. The utility of the outside good is given by u, = €., where the €, has the same
distribution as the other €,. Marginal cost is constrained to be positive and is given by
¢ = eTa*T:‘J*’“’:fj*‘Tl"'}"'aﬂ"’j.

The exogenous data x;, £, w,, and w; are all created as independent standard normal
random variables. The term £ is here a product characteristic that affects both demand and
cost, while w is some variabje (such as an input price) that affects only costs. Note that
Bo, B.r @, Y. Yae and ¥, are parameters to be estimated, whereas the parameters o, o,
and o, help to describe the effect of the unobservables § and w. Values for the parameters
were chosen by ad hoc experimentation to yield a moderate variance in market shares and
prices across markets, without driving market shares of the ducpolists toward zero in too
many markets. The chosen values are 8, = 5, 8. =2, a= 1,7, = 1, % = .5, and
v. = 0. = 0. = .25. Columns | and 2 of Table 1 present Monte Carlo estimation results
from samples of markets, with the standard deviation of the unobserved characteristics in
the utility function set to o, = 1. Since the coefficient on x; is set to 2, the total variance
in the implied mean, 8;, is 5, 80% of which is accounted for by the observed term x;. In
contrast, columns 2—4 present results for samples of markets with o, = 3, so that the
variance of 8, is 13, almost 70% of which is accounted for by the unobserved term o,

For each market, I first calculate the equilibrium values of prices and market shares.
1 assume that the hypothetical econometrician observes these data (including the market
share of the outside good, s,) along with x and w. The terms £ and w are, as usual,
unobserved by the econometrician. As in (14), the mean utility level of good j can be
found as 6; = In (5) — In (s,).

Two estimation methods for the demand parameters are presented. In the first method,
8, is regressed on x; amd p; without regard to the endogeneity of prices. These results, in
columns 1 and 3, are comparable to those differentiated product studies that do not con-
sider unobserved characteristics. In the second method, the observed cost factors, w;, and
the demand characteristic of the rival firm are used as instruments for price. These resulis
are in columns 2 and 4. We see that, even when the observed characteristic accounts for
80% of the variance in mean utility levels, the coefficient on price is systematically under-
estimated by OLS. Simpic caiculations show that, for many samples, thc OLS estimate
of o implies that firms are pricing on an inelastic portion of their demand curves, thus
falsely appearing to reject relevant economic theory. In column 3, where the chserved
characteristic accounts for only 25% of the variation in mean utility levels, the OLS es-
timates sometimes indicate that consumers prefer to pay higher prices (i.e., —d > 0). The
instrumental variable method, in contrast, provides reasonable estimates of the coeffi-
cients, thus correcting for the bias in the OLS estimates.

9. Extensions

®  This article leaves many estimation issucs yct to be explored. Much of this exploration
will be most fruitful in the context of a particular industry study. Issues that might be
examined include guestions of how to estimate market size, M, when this is not directly
observed and how to make optimal use of potential instruments, such as the characteristics
of other firms. The first question is waken up in Berry (1990) and Greenstein (1992), while
approximations to the optimal instruments are developed in Berry, Levinsohn, and Pakes
(1993}. In the remainder of this section, I shal! briefly discuss some additional extensions.
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0  Consumer data. Researchers increasingly have access to data on individual consumer
decisions. In this case, we might parameterize utility as u; = §, + y8, + €, where y, is
a vector of observed consumer characteristics. Individual consumer data could be used to
estimate the product-specific means §;. Call these estimates 5,-. The estimated 5, could then
be treated in much the same way as the &, derived from aggregate data on market shares
(although additional complications now arise from the estimation error in 5). That is, the
8, could be “regressed” (using instrumental varisbles techniques to account for the en-
dogeneity of prices) on product characteristics and prices. This procedure is analogous to
techniques that are familiar from the empirical literature on linear grouped data models,
in which estimates of individual group means might be explained via a regression on group
characteristics. The nonlinear nature of the discrete-choice market-share function prevents
us from using the obvious alternative in lincar models, which is to include the group-
specific data directly in a linear regression equation.

O Different specifications for utility. It would be useful to extend the methodology
above to incorporate yet more general models of consumer utility and firm behavior. As
long as they incorporate unobserved product characteristics, such models will likely con-
tinue to face a nonlinear instrumental variables problem of the sort discussed above. The
method of this article suggests solving backward from observed data to uncover the prod-
uct specific unobservables, £ and w; this method may also be useful in more general spec-
ifications. To extend the methodology on the demand side, it is necessary to prove a result
similar to that found in the Appendix: namely, that given parameters, each vector of ob-
served data can be explained by only one vector of product-specific unobservable demand
characteristics. Similarly, on the pricing side, it will be necessary to provide an analog to
(29), which demonstrates that the data and parameters together uniquely determine the
cost-side unobservable.

0 Measurement error. Measurement error in observed prices, characteristics, or quan-
tities may also create difficulties for the estimation procedure outlined above. Because
prices are already treated as endogenous variables, measurement error in prices may not
be a serious problem (as long as the only effect of price is as a linear term in §;.) However,
measurement error in output quantities presents a more serious problem. The nonlinear
inversion of market shares to uncover §; may be quite sensitive to measurement error in
observed market shares. As noted, the reduced-form method is not sensitive (o measure-
ment error in the left-hand-side variables, price and quantity, and thus, this method may
be preferable (when feasible) in the presence of mismeasured quantities.

O Eadogenous product characteristics. The estimation techniques of this article rely
on the traditional assumption that the unobserved product-level errors are uncorrelated with
observed product characteristics. Given that firms choose the characteristics of their prod-
ucts, this assumption may be unreasonable. However, a solution to the problem of “en-
dogenous x’s™ requires a reasonable model of the dynamic process that generates product
characteristics. This project goes well beyond the static framework of the current article.
Similarly, there are other circumstances that call the static demand model into question,
such as the modelling of consumer dynamics and durable goods.

In onc useful advance, Pakes and McGuire (1991) show that simple discrete-choice
product differentiation models have useful properties when employed as models of single-
period profits in dynamic models of equilibrium firm behavior, such as that of Ericson
and Pakes (1989). Combining the endogenous pricing models of this article with dynamic
models of investment in product quality would allow for the endogeneity of both market
characteristics and market prices. 1 shall leave this as a topic for future research.
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10. Conclusions

® In this article, 1 have considered methods for estimating product differentiation models
in the presence of unobserved product characteristics. While homogeneous goods models
are almost never estimated while ignoring the correlation of prices and demand errors, it
has been commonplace to ignore this correlation in more complex studies of differentiated
products markets with discrete-choice demand models. | suggest “inverting” the discrete-
choice market-share function to find implied levels of mean utility. These mean utility
levels can then be treated in much the same fashion as observed output quantitics in the
homogeneous goods model. For somc lcading special cases, it is quite casy to invert the
market-share function. More complicated models impose a greater computational burden,
but this burden may still be less than what is required by alternative estimation methods,
such as solving for the reduced form.

The worth of the methods suggested here must ultimately be established in empirical
applications. Somec ecarly success can be rcported in this rcgard. Berry, Levinsohn, and
Pakes (1993) extend the methods of this article in several directions in order to estimate
the parameters of an equilibrium model of differentiated products supply and demand in
the automobile industry. Consistent with the Monte Carlo results reported here, they show
that allowing for unobserved product characteristics, which are comelated with prices,
improves estimates of own-price clasticities. They also extend the random coefficients
framework of this article and obtain plausible estimates of product-level cross-price elas-
ticities. Greenstein (1992) has also reported plausible demand estimates in a study of the
computer industry that employs a vertical differentiation model with unobserved product
characteristics. Thus, while much work remains to be done, there arc potentially useful
empirical applications for the methods presented here.

1 should emphasize in closing that the techniques of this article rely on a number of
restrictive assumptions. These include assumptions that demand is well approximated by
a static discrete-choice model and that the distribution of consumer tastes is known up to
a parameter vector. More importantly, and more difficult to solve, 1 assume that product
characteristics are econometrically exogenous. A solution to this last problem awaits fur-
ther progress on dynamic models of firm behavior.

Appendix

8 The inverse of the market-share equation. As in Section 3, consider the utility function u; = 8, + »,.
Holding &, = 0, I shall prove that a unique vector & = 47 '(8) exists. Assume that the markel share function,
#8). has the following properties, which are sufficient, but not necessary, for the results which follow:
4 is everywhere differentiable with respect to 8, and ite derivatives obey the following sirict inequalities—
3:,/88, > O and &,/86, < 0, k # j. A sufficient (but not necessary) condition for these properties is that for
all possible vaiues of x, the density of consumer characteristics, fIw, x}, is strictly positive and continuous for
all ¥ € RY"'. Also note that for any finite values of {5,, &k ¥ j}, < approaches arbitrarily closc 10 zero as §,
goes to —=, while ¢, approaches arbitrarily close 1o one as &, goes to =,

1 begin by defining the eiement-by-clement inverse, r(8, 5. This function is defined as the value for the
mean utility of the jth product such that the predicted value 4, exactly equals the observed value s,. That is, r,
is implicitly defined as

5 =408, 8, ..., 7, B,5)....8) (AL

By the assumptions on the market-share function, this zlement-by-element inverse exists and is continuous and
differentiable. Note that r, is srictly increasing in 5, and does not depend on 8. Also define the vecior valued
function ¥ = (r), ... . r.}.

The element-by-glement inverse allows us to transform the problem of solving for the vector inverse into
a fixed-point problem, for a vector & satisfies 46} = s if and only i § = r(8, s}. The method of proof is to
use a slight variant of Brouwer's fixed-point theorem to prove existence of a fixed point of the element-by-
element inverse, 1t is then necessary o show that there cannot be two such fixed points.

To establish existence, first hold §, = 0 and note that r(8. 5) has a iower bound. This lower bound is
ri®'. s), with &' set equal to any vector in R™™" such that §, = —x for k » (/, 0). Definc & as the smaliest
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value across products of these iower bounds. There is no upper bound for . but the following lemma allows
one [0 establish existence in the absence of un upper bound.

Lemma. There is a value 5, with the property that il one element of B, say &, is grester than &, then there is
a product index & such that ri(b, ) < 6.

Proof. To construct &, again set 8, = —=, ¥ k » (j, 0). Then define 5, as the value of 5 that sets the market
share function for the outside good. «,, equal 10 the observed share 5.. Define § as any value greater than the
maximum of the &. Now, if for the vector § there is an element j such that §, > &, then +(8) < 5., which
irmplics I, 4{8) > Ii,5. su ther is at least one element & with «(8) > 5. For this k, r(b, $) < &,

Now define a new function which is a truncated version of r; 7(B, 8) = min {r(5, 5. 8). Clearly,
(. 5) is a continuous function which maps (8, 8" into itscl. s0, by Brouwer's fixed-poimt theorem, £(5, 8)
has a fixed point, 8*. By the definition of § and &, 5 cannot have a value at the upper bound, 50 8* is in the
interior of {8, 51" This implies that 8* is also & fixed point of the unrestricted function r(b, 1), which establishes
existence.

A wejl-known sufficient condition for uniqueness is %, | ar,/8, | < 1. By the implicit function theorem,
3r,/36, = —[36/28,)/184/35;). From this, %, | 8r,/8, | < 1 if and only if a dominant diagona) condition holds:

N
> | s,/ 8, | < 94;/8;. (A2)

kb .03

To establish this condition, note that increasing ali the mean utility Jevels (including 6,) by the same amount
will not change any market share. Then, (A2) follows from

N N
xzo 9;/8, =0 ‘2 84;/8, = —84;/8,> 0.

- - |
Q.ED.
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