
ATTACHMENT C 

BellSouth Telecommunications, Inc. 
FPSC Docket No. 990649-TP 
Request for Confidential Classification 
Page 1 of 1 
911 5/00 

REQUEST FOR CONFIDENTIAL CLASSIFICATION OF BELLSOUTH’S 
SUPPLEMENTAL RESPONSE TO THE COALITION’S IST SET OF 

INTERROGATORIES (ITEM NO. 2) AND IST REQUEST FOR PRODUCTION 
OF DOCUMENTS (POD NOS. 5 AND 7), FILED SEPTEMBER 13,2000 IN 

FLORIDA DOCKET NO. 990649-TP 

One Highlighted Copy 

This confidentiality request was filed by or 
for a “telco” for DN J I b 
is required unless the material is subject to a 
request per 119.07, FS, or is admitted in the 
record per Rule 25-22.006(8)(b), FAC. 

8-  06 . N o  ruling 



BellSouth Telecommunications, Inc. 

The Coalition’s 1 St Set of Interrogatories 
August 16,2000 
Supplemental Item No. 2 (9/13/00) 
Page 1 of 1 

FPSC Dkt NO 990649-TP 

REQUEST: Please provide (i) the percentage of loops within each BellSouth wire 
center in Florida that exceed 17,500 feet in length and (ii) the percentage 
of the loops used to provision xDSL service to BellSouth’s retail 
customers within each BellSouth wire center in Florida that exceed 17,500 
feet in length. 

RESPONSE: BellSouth objects to this Interrogatory to the extent it seeks information 
concerning the cost of BellSouth’s retail services, which is not relevant to 
any issue in this proceeding nor reasonably calculated to lead to the 
discovery of admissible evidence. 

However, subject to this objection, and without waiving this objection, 
BellSouth provides the following: 

(i) BellSouth does not maintain the requested percentage of loops 
exceeding 17, 500, but is providing the percentage of loops that exceeds 
18,000. This information if proprietary and is being provided subject to 
the terms of the protective agreement executed by the parties. 

RESPONSE PROVIDED BY: Robert McKnight 
Director 
3535 Colonnade Pkwy 
Birmingham, AL 35243 



Florida ADSL Comparison 

rota1 
3162 

37427 
81553 
70358 
5889 

23605 
2436 

10661 
7147 
3471 

73259 
24942 

1294 
5058 
6342 
8898 

48550 
27307 
3790 

14960 
7693 

29828 
43485 
46281 

2582 
1341 0 
67657 
2693 

48824 
35209 
8212 

55066 
46907 
21478 
5708 
4999 

18783 
620 

2147 
52044 
47897 
7331 2 
78375 
67706 
64545 
7106 

18kfi 
Sum of ServiceCount 
CLLI 
ARCHFLMARSO 
BCRTFLBTDSO 
BCRTFLMADSl 
BCRTFLSADSO 
BGPIFLMARSO 
BKVLFLJFDSO 
BLDWFLMARSO 
BLGLFLMADSO 
BNNLFLMARSO 
BRSNFLMARSO 
BYBHFLMADSO 
CCBHFLMADSO 
CDKYFLMARSO 
CFLDFLMARSO 
CHPLFLJADSO 
CNTMFLLEDSl 
COCOFLMADSO 
COCOFLMEDSO 
CSCYFLBARSO 
DBRYFLDLDSO 
DBRYFLMARSl 
DELDFLMADSO 
DLBHFLKPDSO 
DLBHFLMADSO 
DLSPFLMARSO 
DNLNFLWMRSO 
D RB H FLMADSO 
DYBHFLFNRSO 
DY B H FLMADSO 
DYBHFLOBDSO 
DYBHFLOSDSO 
DYBHFLPODSO 
EGLLFLBGDSO 
EGLLFLIHDSO 
EORNFLMARSO 
FLBHFLMARSO 
FRBHFLFPDSO 
FTGRFLMARSO 
FTLDFLAPRSO 
FTLDFLCRDSO 
FTLDFLCYDSO 
FTLDFLJADSO 
FTLDFLMRDSO 
FTLDFLOADSO 
FTLDFLPLDSO 
FTLDFLSGDSO 

All Lenghts 
lsum of Servicecount 

Total 
1140 

BCRTFLBTDSO 
BCRTFLMADSl 
BCRTFLSADSO 
BGPIFLMARSO 
BKVLFLJFDSO 
BLDWFLMARSO 
BLGLFLMADSO 
BNNLFLMARSO 
BRSNFLMARSO 
BYBHFLMADSO 
CCBHFLMADSO 
CDKYFLMARSO 
CFLDFLMARSO 
CHPLFL JADSO 
CNTM FLLEDS 1 
COCOFLMADSO 
COCOFLMEDSO 
CSCYFLBARSO 
DBRYFLDLDSO 
DBRYFLMARS 1 
DEL D FL MADS0 
DLBHFLKPDSO 
DLBHFLMADSO 
DLSPFLMARSO 
DNLNFLWMRSO 
DRBHFLMADSO 
DYBHFLFNRSO 
DYBHFLMADSO 
DYBHFLOBDSO 
DYBHFLOSDSO 
DYBHFLPODSO 
EGLLFLBGDSO 
EGLLFLIHDSO 
EORNFLMARSO 
FLBHFLMARSO 
FRBHFLFPDSO 
FTGRFLMARSO 
FTLDFLAPRSO 
FTLDFLCRDSO 
FTLDFLCYDSO 
FTLDFLJADSO 
FTLDFLM RDSO 
FTLDFLOADSO 
FTLDFLPLDSO 
FTL D FLS G D SO 

Col B - Col D % > 18kfi 
2022 63.95% 

14403 
63797 

3259 
15173 
1009 
2640 
4862 
2262 

66268 
11914 

399 

2716 
6413 

40882 
17006 
2086 
9369 
2315 

18699 

21698 
679 

10975 
46208 

0 
26749 
25496 

3926 
41881 
35808 
9097 
4668 
1366 

11278 
385 

1211 
24580 
27223 
65246 
44086 
24928 
52754 
2138 

54932 

3270 

35730 

38.48% 
78.23% 

55.34% 
64.28% 
41.42% 
24.76% 
68.03% 
65.17% 
90.46% 
47.77% 
30.83% 

42.83% 
72.07% 
84.21% 
62.28% 
55.04% 
62.63% 
30.09% 
62.69% 

46.88% 
26.30% 
81.84% 
68.30% 

0.00% 
54.79% 
72.41% 
47.81% 
76.06% 
76.34% 
42.35% 
81.78% 
27.33% 
60.04% 
62.10% 
56.40% 
47.23% 
56.84% 
89.00% 
56.25% 
36.82% 
81.73% 
30.09% 

78.07% 

64.65% 

82. I 7% 

23024 
17756 
15426 
2630 
8432 
1427 
802 1 
2285 
1209 
6991 

13028 
895 

1788 
3626 
2485 
7668 

10301 
1704 
5591 
5378 

11129 
7755 

24583 
1903 
2435 

21449 
2693 

22075 
971 3 
4286 

131 85 
11099 
12381 
1040 
3633 
7505 
235 
936 

27464 
20674 
8066 

34289 
42778 
11791 
4968 



Florida ADSL Comparison 

rota1 
50674 
2981 1 
55056 
931 6 
3579 
2729 

18366 
96034 
14038 
5289 

1 1398 
11422 
3271 0 
54967 

1 12907 
931 78 
7726 
1 153 

33838 
19474 
3891 
531 0 

13656 
3494 1 
13039 
32094 
39305 
41 263 
21 837 

1526 
6339 

33883 
33286 
18740 
33234 
44636 
22271 
41 154 
5471 9 
6679 
8962 
9945 

29557 
26836 
9814 

2782 

All Lenghts 
Sum of ServiceCoun 
CLLl 

18kft 
Sum of ServiceCoun 
CLLI 
FTLDFLSUDSO 
FTLDFLWNDSO 
FTPRFLMADSO 
GCSPFLCNDSO 
GCVLFLMARSO 
GENVFLMARSO 
GLBRFLMCDSO 
GSVLFLMADSO 
GSVLFLNW33E 
HAVNFLMADSO 
HBSDFLMADSO 
HLNVFLMADSl 
HLWDFLHADSO 
HLWDFLMADSO 
HLWDFLPEDSO 
HLWDFLWHDSO 
HMSTFLAFRSO 
HMSTFLEARSO 
HMSTFLHMDSO 
HTISFLMADSO 
HWTHFLMARSO 
ISLMFLMARSO 

JCBHFLABRSO 
JCBH FLMADSO 
JCBHFLSPRSO 
JCVLFLARDSO 
JCVLFLBWDSO 
JCVLFLCLDSO 
JCVLFLFCDSO 
JCVLFLIARSO 
JCVLFLJTRSO 
JCVLFLLFDSO 
JCVLFLNODSO 
JCVLFLOWDSO 
JCVLFLRVDSO 
JCVLFLSJ73E 
JCVLFLSMDSO 
JCVLFLWCDSO 
JPTRFLMADSO 
KYHGFLMARSO 
KYLRFLLSRSO 
KYLRFLMARSO 
KYWSFLMADSO 
LKCYFLMADSO 
LKMRFLMADSO 

JAY-FLMARSO 

FTL D FLS U DSO 
FTL D FL W N D SO 
FTPRFLMADSO 
GCSPFLCNDSO 
GCVLFLMARSO 
GENVFLMARSO 
GLBRFLMCDSO 
GSVLFLMADSO 
GSVLFLNW33E 
HAVNFLMADSO 
HBSDFLMADSO 
HLNVFLMADSl 
HLWDFLHADSO 
HLWDFLMADSO 
HLWDFLPEDSO 
HLWDFLWHDSO 
HMSTFLAFRSO 
HMSTFLEARSO 
HMSTFLHMDSO 
HTISFLMADSO 
HWTHFLMARSO 
ISLMFLMARSO 

JCBHFLABRSO 
JCBHFLMADSO 
JCBHFLSPRSO 
JCVLFLARDSO 
JCVLFLBWDSO 
JCVLFLCLDSO 
JCVLFLFCDSO 
JCVLFLIARSO 
JCVLFLJTRSO 
JCVLFLLFDSO 
JCVLFLNODSO 
JCVLFLOWDSO 
JCVLFLRVDSO 
JCVLFLSJ73E 
JCVLFLSMDSO 
JCVLFLWCDSO 
JPTRFLMADSO 
<YHGFLMARSO 
(YLRFLLSRSO 
<YLRFLMARSO 
(YWSFLMADSO 
-KCYFLMADSO 
-KMRFLMADSO 

J AY-F LM ARSO 

rota1 COI B - COI D % > wkft  
2331 1 27363 54.00% 

26720 89.63% 
40848 74.19% 

5536 59.42% 
1447 40.43% 
1558 57.09% 

13466 73.32% 
76393 79.55% 
4432 31.57% 
2770 52.37% 
4631 40.63% 
8795 77.00% 
1864 5.70% 

3091 
14208 
3780 
21 32 
1171 
4900 

19641 
9606 
251 9 
6767 
2627 

30846 
12017 
13537 
14881 
2936 
267 

13902 
6354 
1674 
2567 
904 

7654 
12209 
10906 
1051 1 
12176 
13877 
7769 
1406 
6339 
566 1 
7002 
591 9 

13765 
15483 
16763 
12578 
15420 
31 08 
4982 
3705 

15764 
12008 

474 

42950 
99370 
78297 
4790 

886 
19936 
13120 
2217 
2743 
1878 
6002 

22732 
2133 

21583 
27129 
27386 
14068 

120 
0 

28222 
26284 
12821 
19469 
29153 
5508 

28576 
39299 
3571 
3980 
6240 

13793 
14828 
9340 

78.14% 
88.01% 
84.03% 
62.00% 
76.84% 
58.92% 
67.37% 
56.98% 
51.66% 
67.51% 
43.95% 
65.06% 
16.36% 
67.25% 
69.02% 
66.37% 
64.42% 

7.86% 
0.00% 

83.29% 
78.96% 
68.42% 
58.58% 
65.31% 
24.73% 
69.44% 
71.82% 
53.47% 
44.41% 
62.75% 
46.67% 
55.25% 
95.17% 



Florida ADSL Comparison 

12553 
1771 

13943 
67872 
32083 
10390 
35733 
151 36 
54090 

104257 
2322 

32960 
32272 

119620 
43281 
11 102 
171 29 
28920 
33696 
35047 
47092 
65285 
59174 
40557 
66149 
60409 
46609 
6584 

91737 
20123 
7385 

40749 
7601 
619 

12447 
1423 

46660 
48778 
36141 
46895 
3222 

36693 
4453 
2305 
4180 

98933 

All Lenghts 
Sum of ServiceCount 
CLLl 
LY H N FLOHDSO 
MCNPFLMARSO 
MDBGFLPMDSO 
M IAMFLAEDSO 
M IAMFLALDSO 
MIAMFLAPDSO 
MIAMFLBADSO 
M IAM FLBCDSO 
MIAMFLBRDSO 
MIAMFLCADSO 
M IAMFLDBRS 1 
MIAMFLFLDSO 
M IAM FLGRDSO 
MIAMFLHLDSO 
W IAM FLICDSO 
W IAM FLKEDSO 
WIAMFLMEDSO 
WIAMFLNMDSO 
W IAM FLNSDSO 
WIAMFLOLDSO 
W IAM FLPBDSO 
WIAMFLPLDSO 
WIAMFLRRDSO 
WIAMFLSHDSO 
MIAMFLSODSO 
WIAMFLWDDSO 
MIAMFLWMDSO 
WICCFLBBRSO 
MLBRFLMADSO 
MLTNFLRADSO 
W N D RFLAVDS 0 
MNDRFLLODSO 
MNDRFLLWRSO 
WNSNFLMARSO 
WRTHFLVERSO 
MXVLFLMARSO 
VDADFLACDSO 
VDADFLBRDSO 
VDADFLGGDSO 
VDADFLOLDSO 
VKLRFLMARSO 
VSBHFLMADSO 
YWBYFLMARSO 
3KHLFLMARSO 
3LTWFLLNRSO 
3 RLD FLAP D SO 

LYHNFLOHDSO 
MCNPFLMARSO 
MDBGFLPMDSO 
MIAMFLAEDSO 
MIAMFLALDSO 
MIAMFLAPDSO 
MIAMFLBADSO 
MIAMFLBCDSO 
MIAMFLBRDSO 
MIAMFLCADSO 
MIAMFLDBRSI 
MIAMFLFLDSO 
MIAMFLGRDSO 
MIAMFLHLDSO 
MIAMFLICDSO 
MIAMFLKEDSO 
MIAMFLMEDSO 
MIAMFLNMDSO 
MIAMFLNSDSO 
MIAMFLOLDSO 
MIAMFLPBDSO 
MIAMFLPLDSO 
MIAMFLRRDSO 
MIAMFLSHDSO 
MIAMFLSODSO 
MIAMFLWDDSO 
MIAMFLWMDSO 
MICCFLBBRSO 
MLBRFLMADSO 
MLTNFLRADSO 
MNDRFLAVDSO 
MNDRFLLODSO 
MNDRFLLWRSO 
MNSNFLMARSO 
MRTHFLVERSO 
MXVLFLMARSO 
NDADFLACDSO 
NDADFLBRDSO 
NDADFLGGDSO 
NDADFLOLDSO 
NKLRFLMARSO 
NSBHFLMADSO 
NWBYFLMARSO 
OKHLFLMARSO 
OLTWFLLNRSO 
ORLDFLAPDSO 

< l8kft 
lsum of Servicecount 

rota1 ICLLI 

1124 
11326 
28675 
16869 
2467 
282 

1719 
7769 

87128 
0 

12390 
0 

101489 
12468 

271 
5955 

16535 
21916 
22549 
24142 
54868 
35555 
23174 
30160 
45648 
23793 
2350 

77515 
13889 
1397 

29308 
3824 
471 

9166 
990 

15964 
41620 
18597 
19374 

124 
23503 
3151 
1230 
3842 

93568 

63.47% 
81.23% 
42.25% 
52.58% 
23.74% 
0.79% 

11.36% 
14.36% 
83.57% 
0.00% 

37.59% 
0.00% 

84.84% 
28.81% 
2.44% 

34.77% 
57.17% 
65.04% 
64.34% 
51.27% 
84.04% 
60.09% 
57.14% 
45.59% 
75.56% 
51.05% 
35.69% 
84.50% 
69.02% 
18.92% 
71.92% 
50.31% 
76.09% 
73.64% 
69.57% 
34.21% 
85.33% 
51.46% 
41.31% 

3.85% 
64.05% 
70.76% 
53.36% 
91.91% 
94.58% 

647 
261 7 

391 97 
15214 
7923 

35451 
1341 7 
46321 
17129 
2322 

20570 
32272 
181 31 
3081 3 
10831 
11174 
12385 
11780 
12498 
22950 
10417 
2361 9 
17383 
35989 
14761 
2281 6 
4234 

14222 
6234 
5988 

11441 
3777 

148 
3281 
433 

30696 
71 58 

17544 
27521 
3098 

13190 
1302 
1075 
338 

5365 



Florida ADSL Comparison 

Total 
36538 
59001 
76653 

102526 
34804 
26889 
17397 
321 86 
12085 
351 1 

291 14 
191 56 
19943 
80603 
791 07 
85621 
41099 

31 87 
8332 

43959 
441 72 
55324 
10282 
7643 

34456 
22069 

108302 
2856 

40875 
17024 

1538 
15921 
4454 

56829 
13056 
24990 
10863 
1328 

64349 
1749 
41 37 

361 20 
2076 

15033 
50702 
261 3 

All Lenghts 
lsum of Servicecouni 

18kft 
Sum of ServiceCouni 
CLLl 
ORLDFLCLDSO 
ORLDFLMADSI 
ORLDFLPCDSO 
ORLDFLPHDSO 
ORLDFLSADSO 
ORPKFLMADSO 
ORPKFLRWDSO 
OVIDFLCADSO 
PACEFLPV99E 
PAHKFLMARSO 
PCBHFLNTDSO 
PLCSFLMADSO 
PLTKFLMADSO 
PMBHFLCSDSO 
PMBHFLFEDSO 
PMBHFLMADSO 
PMBHFLTADSO 
PMPKFLMARSO 
PNCYFLCA87E 
PNCYFLMADSO 
PNSCFLBLDSO 
PNSCFLFPDSO 
PNSCFLHCDSO 
PNSCFLPBDSO 
PNSCFLWADSO 
PNVDFLMADSO 
PRRNFLMADSC 
PRSNFLFDRSO 
PTSLFLMADSO 
PTSLFLSOCGO 
SBSTFLFERSO 
SBSTFLMADSO 
SGKYFLMARSO 
SNFRFLMADSO 
STAGFLBSRSO 
STAGFLMADSO 
STAGFLSHRSO 
STAGFLWGRSO 
STRTFLMADSO 
SYHSFLCCRSO 
TRENFLMARSO 
TTVLFLMADSO 
VERNFLMARSO 
VRBHFLBERSO 
VRBHFLMADSO 
WELKFLMARSO 

ORLDFLMADSI 
ORLDFLPCDSO 
ORLDFLPHDSO 
ORLDFLSADSO 
ORPKFLMADSO 
ORPKFLRWDSO 
OVI DFLCADSO 
PACEFLPV99E 
PAHKFLMARSO 
PCBHFLNTDSO 
PLCSFLMADSO 
PLTKFLMADSO 
PMBHFLCSDSO 
PMBHFLFEDSO 
PMBHFLMADSO 
PM B H FLTADSO 
PMPKFLMARSO 
PNCYFLCA87E 
PNCYFLMADSO 
PNSCFLBLDSO 
PNSCFLFPDSO 
PNSCFLHCDSO 
PNSCFLPBDSO 
PNSCFLWADSO 
PNVDFLMADSO 
PRRNFLMADSO 
PRSNFLFDRSO 
PTSLFLMADSO 
PTSLFLSOCGO 
SBSTFLFERSO 
SBSTFLMADSO 
SGKYFLMARSO 
SNFRFLMADSO 
STAGFLBSRSO 
STAGFLMADSO 
STAGFLSH RSO 
STAG FL W G RSO 
STRTFLMADSO 
SYHSFLCCRSO 
TRENFLMARSO 
TTVLFLMADSO 
VERNFLMARSO 
VRB H FLB E RSO 
VRBHFLMADSO 
WELKFLMARSO 

201 B - COI D 
21165 
36073 
67036 
87592 
28836 
17054 
8161 

21570 
7294 
548 

25281 
14858 
13051 
74569 
60011 
64426 
25034 
2296 
3287 

32507 
33296 
50633 
6332 
2866 

29792 
9297 

103524 
1751 

34376 
11135 

163 
11296 
3435 

50215 
9050 

14932 
5277 
1027 

51279 
1719 
2734 

26382 
1347 
6800 

36443 
1817 

% > 18kft 
57.93% 
61.14% 
87.45% 
85.43% 
82.85% 
63.42% 
46.91% 
67.02% 
60.36% 
15.61% 
86.83% 
77.56% 
65.44% 
92.51% 
75.86% 
75.25% 
60.91% 
72.04% 
39.45% 
73.95% 
75.38% 
91.52% 
61.58% 
37.50% 
86.46% 
42.13% 
95.59% 
62.31% 
84.10% 
65.41% 
10.60% 
70.95% 
77.12% 
88.36% 
69.32% 
59.75% 
48.58% 
77.33% 
79.69% 
98.28% 
66.09% 
73.04% 
64.88% 
45.23% 
71.88% 
69.54% 

rotat 
1537: 
2292E 
961 7 

14934 
596€ 
9835 
9236 

10616 
4791 
2963 
3833 
4298 
6892 
6034 

19096 
21 195 
16065 

891 
5045 

11452 
10876 
4691 
3950 
4777 
4664 

12772 
4778 
1105 
6499 
5889 
1375 
4625 
1019 
661 4 
4006 

10058 
5586 
301 

13070 
30 

1403 
9738 

729 
8233 

14259 
796 



Florida ADSL Comparison 

Total Col B - Col D % > 18kft 
26570 14475 35.27% 
27696 71957 72.21 % 
14326 481 44 77.07% 
20621 54354 72.50% 
24801 22716 47.81% 
17986 31425 63.60% 
10283 43404 80.85% 
2758 13532 83.07% 
4520 31780 87.55% 
455 3060 87.06% 

1811 738 28.95% 
1488 2734 64.76% 

~ 

2005532 41 18994 

Sum of ServiceCount 
CLLl 
WPBHFLANDSO 
WPBHFLGADSO 
WPBH FLGRDSO 
WPBHFLHHDSO 
WPBHFLLEDSO 
WPBHFLRBDSO 
WPBHFLRPDSO 
WWSPFLHIDSO 
WWS PFLS H DS 0 
YNFNFLMARSO 
YNTWFLMARSO 
YULEFLMARSO 
Grand Total 

Sum of ServiceCount 
Total CLLl 

41045 WPBHFLANDSO 
99653 WPBHFLGADSO 
62470 WPBHFLGRDSO 
74975 WPBHFLHHDSO 
4751 7 WPBHFLLEDSO 
4941 1 WPBHFLRBDSO 
53687 WPBHFLRPDSO 
16290 WWSPFLHIDSO 
36300 WWSPFLSHDSO 
351 5 YNFNFLMARSO 
2549 YNTWFLMARSO 
4222 YULEFLMARSO 

6124526 Grand Total 



BSTLM 
RService: A.6.1. (2-WIRE ASYMMETRICAL DIGITAL SUBSCRIDER LINE (ADSL) COMPATIBLE LOOP) 
Geographical Unit: FL - all available 
Quantity: 6124526 
Services Reported: a b C d e j 
Services Returned: a b C d e j 
Scenario: Copper Only-FI-Ref 
Options: Local loop only CU fed only 

CLLl 
ARCHFLMARSO 
ARCHFLMARSO 
ARCHFLMARSO 
ARCHFLMARSO 
BCRTFLBTDSO 
BCRTFLBTDSO 
BCRTFLBTDSO 
BCRTFLBTDSO 
BCRTFLBTDSO 
BCRTFLBTDSO 
BCRTFLBTDSO 
BCRTFLMADS 1 
BC RTF LM ADS 1 
BCRTFLMADSI 
BCRTFLMADSI 
BCRTFLMADSl 
BCRTFLMADSl 
BCRTFLSADSO 
BCRTFLSADSO 
BCRTFLSADSO 
BCRTFLSADSO 
BCRTFLSADSO 
BCRTFLSADSO 
BGPIFLMARSO 
BGPIFLMARSO 
BGPl FLMARSO 
BGPIFLMARSO 
BGPIFLMARSO 
B KV L F L J FDS 0 
BKVLFLJFDSO 
B KVLF L J FDS 0 
BKVLFLJFDSO 
B KV L F L J FDS 0 
BKVLFLJ FDSO 
BLDWFLMARSO 
BLDWFLMARSO 
BLDWFLMARSO 
BLDWFLMARSO 
BLDWFLMARSO 

All Lenghts 
Servicecode ServiceCount 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
d-COIN SMART 
e-COIN REGUL 

3145 
4 
1 

12 
34772 

8 
1395 
804 

3 
286 
159 

76654 
1196 
2087 

2 
579 

1035 
691 08 

329 
373 
142 
232 
174 

5773 
13 
7 

72 
24 

22626 
294 
116 
50 

2 34 
285 

2323 
2 

29 
7 

70 



BLDWFLMARSO 
BLGLFLMADSO 
BLGLFLMADSO 
BLGLFLMADSO 
BLGLFLMADSO 
BLGLFLMADSO 
BLGLFLMADSO 
BNNLFLMARSO 
BNNLFLMARSO 
BNNLFLMARSO 
BNNLFLMARSO 
BNNLFLMARSO 
BNNLFLMARSO 
BRSNFLMARSO 
BRSNFLMARSO 
BRSNFLMARSO 
BRSNFLMARSO 
BRSN FLMARSO 
BYBHFLMADSO 
BYBHFLMADSO 
BYBHFLMADSO 
BYBHFLMADSO 
BYBHFLMADSO 
CCBHFLMADSO 
CCBHFLMADSO 
CCBHFLMADSO 
CCBHFLMADSO 
CCBHFLMADSO 
CCBHFLMADSO 
CDKYFLMARSO 
CDKYFLMARSO 
CDKY FLMARSO 
CDKY FLMARSO 
CDKY FLMARSO 
CFLDFLMARSO 
CFLDFLMARSO 
CFLDFLMARSO 
CFLDFLMARSO 
CFLDFLMARSO 
CFLDFLMARSO 
CHPLFLJADSO 
CHPLFLJADSO 
CHPLFLJADSO 
CHPLFLJADSO 
C H PLFL JADSO 
CNTMFLLEDSl 
CNTMFLLEDSl 
CNTM FLLEDS 1 
CNTM FLLEDS 1 

j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 

b-PBX 

5 
9350 
312 
512 

2 
322 
163 

6422 
168 
444 

1 
75 
37 

3057 
370 

3 
35 
6 

71 363 
357 
81 9 
513 
207 

23262 
624 
401 

23 
443 
189 

1258 
10 
7 

12 
7 

4793 
41 

151 
4 

61 
8 

5741 
100 
383 
77 
41 

8670 
144 
54 
30 



COCOFLMADSO 
COCOFLMADSO 
COCOFLMADSO 
COCOFLMADSO 
COCOFLMADSO 
COCOFLMADSO 
COCOFLMEDSO 
COCOFLMEDSO 
COCOFLMEDSO 
COCOFLMEDSO 
COCOFLMEDSO 
COCOFLMEDSO 
CSCYFLBARSO 
CSCYFLBARSO 
CSCYFLBARSO 
CSCYFLBARSO 
CSCYFLBARSO 
CSCYFLBARSO 
D B RY FLDLDSO 
DBRYFLDLDSO 
DBRYFLDLDSO 
DBRYFLDLDSO 
DBRYFLDLDSO 
DBRYFLMARS 1 
DBRYFLMARSl 
DBRYFLMARSI 
DBRYFLMARSI 
DBRYFLMARSI 
DBRYFLMARSI 
DELDFLMADSO 
DELDFLMADSO 
DELDFLMADSO 
DELDFLMADSO 
DELDFLMADSO 
DLBHFLKPDSO 
DLBHFLKPDSO 
DLBHFLKPDSO 
DLBHFLKPDSO 
DLBHFLKPDSO 
DLBHFLKPDSO 
DLBHFLMADSO 
DLBHFLMADSO 
DLBHFLMADSO 
DLBHFLMADSO 
DLBHFLMADSO 
DLBHFLMADSO 
DLSPFLMARSO 
DLSPFLMARSO 
DLSPFLMARSO 

a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 

46340 
306 
970 
48 

620 
266 

26144 
374 
440 

28 
265 
56 

3461 
11 

235 
7 

61 
15 

14535 
24 

346 
52 
3 

7532 
13 
87 
12 
42 

7 
28569 

284 
400 
36 1 
214 

42609 
254 
314 

1 
223 

84 
441 52 

778 
537 

1 
396 
41 7 

2459 
15 
47 



DLSPFLMARSO 
DLSPFLMARSO 
DLSPFLMARSO 
DNLNFLWMRSO 
DNLNFLWMRSO 
DNLNFLWMRSO 
DNLNFLWMRSO 
DNLNFLWMRSO 
DRBHFLMADSO 
DRBHFLMADSO 
DRBHFLMADSO 
DRBHFLMADSO 
DRBHFLMADSO 
DRBHFLMADSO 
DYBHFLFNRSO 
DYBHFLFNRSO 
DYBHFLFNRSO 
DYBHFLFNRSO 
DYBHFLFNRSO 
DYBHFLMADSO 
DYBHFLMADSO 
DYBHFLMADSO 
DYBHFLMADSO 
DYBHFLMADSO 
DYBHFLMADSO 
DYBHFLOBDSO 
DYBHFLOBDSO 
DYBHFLOBDSO 
DYBHFLOBDSO 
DYBHFLOBDSO 
DYBHFLOBDSO 
DYBHFLOSDSO 
DYBHFLOSDSO 
DYBHFLOSDSO 
DYBHFLOSDSO 
DYBHFLPODSO 
DYBHFLPODSO 
DYBHFLPODSO 
DYBHFLPODSO 
DYBHFLPODSO 
DYBHFLPODSO 
EGLLFLBGDSO 
EGLLFLBGDSO 
EGLLFLBGDSO 
EGLLFLBGDSO 
EGLLFLBGDSO 
EGLLFLBGDSO 
EGLLFLBGDSO 
EGLLFLIHDSO 

d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C ENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C E N TREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

b-PBX 

A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

1 
28 
32 

13296 
16 
11 
66 
21 

64658 
996 

1121 
90 

451 
34 1 

221 0 
103 
350 
25 
5 

43946 
39 

1986 
563 

1390 
900 

34056 
2 

581 
125 
362 
83 

81 57 
15 
28 
12 

53900 
30 

374 
269 
41 1 

82 
45360 

2 
534 
659 
40 

275 
37 

21 041 



EGLLFLIHDSO 
EGLLFLIHDSO 
EGLLFLIHDSO 
EGLLFLIHDSO 
EGLLFLIHDSO 
EORNFLMARSO 
EORNFLMARSO 
EORNFLMARSO 
EORNFLMARSO 
EORNFLMARSO 
FLBHFLMARSO 
FLBHFLMARSO 
FLBHFLMARSO 
FLBHFLMARSO 
FLBHFLMARSO 
FRBHFLFPDSO 
FRBHFLFPDSO 
FRBHFLFPDSO 
FRBHFLFPDSO 
FRBHFLFPDSO 
FRBHFLFPDSO 
FTGRFLMARSO 
FTGRFLMARSO 
FTGRFLMARSO 
FTGRFLMARSO 
FTLDFLAPRSO 
FTLDFLAPRSO 
FTL D FLAP RSO 
FTLDFLAPRSO 
FTLD FLAPRSO 
FTLD FLAP RSO 
FTLDFLCRDSO 
FTLDFLCRDSO 
FTLDFLCRDSO 
FTLDFLCRDSO 
FTLDFLCRDSO 
FTLDFLCRDSO 
FTLDFLCRDSO 
FTLDFLCY DSO 
FTLDFLCYDSO 
FTLDFLCYDSO 
FTLDFLCYDSO 
FTLDFLCYDSO 
FTLDFLCYDSO 
FTLDFLCY DSO 
FTLD FL J ADS0 
FTLDFLJADSO 
FTLDFLJADSO 
FTLDFLJADSO 

b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C ENTREX 
d-COIN SMART 

129 
111 
14 

143 
40 

5661 
1 
1 

44 
1 

4768 
18 

125 
79 
9 

18118 
6 

245 
148 
197 
69 

577 
9 

17 
17 

1376 
126 
363 
27 

207 
48 

49393 
43 

1086 
739 

2 
609 
172 

43206 
255 

1820 
1784 

45 
582 
205 

7051 1 
1006 
947 
61 



FTLDFLJADSO 
FTLDFLJADSO 
FTLDFLMRDSO 
FTLDFLMRDSO 
FTLDFLMRDSO 
FTLDFLMRDSO 
FTLDFLMRDSO 
FTLDFLMRDSO 
FTLDFLOADSO 
FTLDFLOADSO 
FTLDFLOADSO 
FTLDFLOADSO 
FTLDFLOADSO 
FTLDFLOADSO 
FTLDFLOADSO 
FTLDFLPLDSO 
FTLDFLPLDSO 
FTLDFLPLDSO 
FTLD FLPLDSO 
FTLDFLPLDSO 
FTLDFLPLDSO 
FTLDFLPLDSO 
FTLDFLSGDSO 
FTLDFLSGDSO 
FTLDFLSGDSO 
FTLDFLSGDSO 
FTLDFLSGDSO 
FTLDFLSUDSO 
FTLDFLSU DSO 
FTLDFLSUDSO 
FTLDFLSUDSO 
FTLDFLSUDSO 
FTLDFLSUDSO 
FTLDFL W NDSO 
FTLDFLWNDSO 
FTLDFLWNDSO 
FTLDFLWNDSO 
FTLDFLWNDSO 
FTLDFLWNDSO 
FTPRFLMADSO 
FTPRFLMADSO 
FTPRFLMADSO 
FTPRFLMADSO 
FTPRFLMADSO 
FTPRFLMADSO 
GCSPFLCNDSO 
GCSPFLCNDSO 
GCSPFLCNDSO 
GCSPFLCNDSO 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C ENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 

604 
183 

70676 
242 

1970 
1809 
1761 
1917 

65070 
27 

700 
1154 

89 
51 7 
149 

61682 
41 

664 
1038 

3 
90 1 
216 

6357 
359 
243 
121 
26 

49020 
24 1 
932 

1 
378 
102 

28683 
526 
426 

35 
137 

4 
5221 9 

71 9 
462 

1 
1064 
591 

855 1 
31 

407 
2 



GCSPFLCNDSO 
GCSPFLCNDSO 
GCVLFLM ARSO 
GCVLFLMARSO 
GCVLFLMARSO 
GCVLFLMARSO 
GENVFLMARSO 
GENVFLMARSO 
GENVFLMARSO 
GENVFLMARSO 
GENVFLMARSO 
GLBRFLMCDSO 
GLBRFLMCDSO 
GLBRFLMCDSO 
GLBRFLMCDSO 
GLBRFLMCDSO 
GSVLFLMADSO 
GSVLFLMADSO 
GSVLFLMADSO 
GSVLFLMADSO 
GSVLFLMADSO 
GSVLFLMADSO 
GSVLFLNW33E 
GSVL FLN W33E 
GSVLFLNW33E 
GSVLFLNW33E 
GSVLFLN W33E 
GSVLFLNW33E 
HAVNFLMADSO 
HAVNFLMADSO 
HAVNFLMADSO 
HAVNFLMADSO 
HBSDFLMADSO 
HBSDFLMADSO 
HBSDFLMADSO 
HBSDFLMADSO 
HBSDFLMADSO 
HBSDFLMADSO 
HLNVFLMADS 1 
HLNVFLMADSI 
HLNVFLMADSI 
HLNVFLMADSl 
HLWDFLHADSO 
HLWDFLHADSO 
HLWDFLHADSO 
HLWDFLHADSO 
HLWDFLHADSO 
HLWDFLHADSO 
HLWDFLMADSO 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

b-PBX 

b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

b-PBX 

b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

b-PBX 

b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

138 
187 

3476 
42 
42 
19 

271 2 
4 
2 
7 
4 

17647 
1 94 
331 
173 
21 

91913 
1504 
1135 
100 

1006 
376 

131 96 
272 
41 1 

11 
146 

2 
521 3 

24 
43 

9 
11107 

88 
79 
27 
52 
45 

11286 
53 
72 
11 

31 392 
322 
567 

1 
368 
60 

51 586 



HLWDFLMADSO 
HLWDFLMADSO 
HLWDFLMADSO 
HLWDFLMADSO 
HLWDFLMADSO 
HLWDFLMADSO 
HLWDFLPEDSO 
HLWDFLPEDSO 
HLWDFLPEDSO 
HLWDFLPEDSO 
HLWDFLPEDSO 
HLWDFLPEDSO 
HLWDFLWHDSO 
HLWDFLWHDSO 
HLWDFLWHDSO 
HLWDFLWHDSO 
HLWDFLWHDSO 
HLWDFLWHDSO 
HLWDFLWHDSO 
HMSTFLAFRSO 
HMSTFLAFRSO 
H MSTFLAFRSO 
H M STFLAFRSO 
HMSTFLAFRSO 
HMSTFLAFRSO 
HMSTFLEARSO 
HMSTFLEARSO 
HMSTFLEARSO 
HMSTFLEARSO 
HMSTFLHMDSO 
HMSTFLHMDSO 
HMSTFLHMDSO 
HMSTFLHMDSO 
HMSTFLHMDSO 
HMSTFLHMDSO 
HTISFLMADSO 
HTISFLMADSO 
HTISFLMADSO 
HTISFLMADSO 
HTISFLMADSO 
HTISFLMADSO 
HWTHFLMARSO 
HWTH FLMARSO 
HWTHFLMARSO 
HWTHFLMARSO 
HWTHFLMARSO 
H WTHFLMARSO 
ISLMFLMARSO 
ISLMFLMARSO 

A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 

78 
1005 
628 
64 

896 
71 0 

109724 
684 

1666 
51 

655 
127 

89643 
14 

636 
161 1 

84 
972 
21 8 

7342 
20 

268 
6 

82 
8 

1122 
5 

18 
8 

31 960 
373 
868 

35 
465 
137 

19097 
145 

10 
1 

138 
83 

3804 
9 

25 
5 

34 
14 

4935 
168 



ISLMFLMARSO 
ISLMFLMARSO 
ISLMFLMARSO 
ISLMFLMARSO 
JAY-FLMARSO 
JAY-FLMARSO 
JAY-FLMARSO 
JAY-FLMARSO 
JCBHFLABRSO 
JCBHFLABRSO 
JCBHFLABRSO 
JCBHFLABRSO 
JCBHFLABRSO 
JCBHFLMADSO 
JCBHFLMADSO 
JCBHFLMADSO 
JCBHFLMADSO 
JCBHFLMADSO 
JCBHFLMADSO 
JC B H FLS P RSO 
JCBHFLSPRSO 
JCBHFLSPRSO 
JCBHFLSPRSO 
JCBHFLSPRSO 
JCBHFLSPRSO 
JCBHFLSPRSO 
JCVLFLARDSO 
JCVLFLARDSO 
JCVLFLARDSO 
JCVLFLARDSO 
JCVLFLARDSO 
JCVLFLARDSO 
JCVLFLARDSO 
JCVLFLBWDSO 
JCVLFLBWDSO 
JCVLFLBWDSO 
JCVLFLBWDSO 
JCVLFLBWDSO 
JCVLFLBWDSO 
JCVLFLBWDSO 
JCVLFLCLDSO 
JCVLFLCLDSO 
JCVLFLCLDSO 
JCVLFLCLDSO 
JCVLFLCLDSO 
JCVLFLCLDSO 
JCVLFLCLDSO 
JCVLFLFCDSO 
JCVLFLFCDSO 

C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

b-PBX 

A-2WG UV 
C-C ENTREX 
d-COIN SMART 
e-COIN REGUL 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 

60 
3 

124 
20 

2755 
3 

14 
10 

13528 
10 
77 
3 

38 
33580 

39 
248 
4 04 
520 
150 

12649 
22 

133 
172 

4 
54 
5 

29561 
18 

442 
1632 

11 
304 
126 

37764 
45 

460 
694 

16 
295 

31 
32993 

56 
935 

2430 
1 

1264 
3584 

21 378 
19 



JCVLFLFCDSO 
JCVLFLFCDSO 
JCVLFLFCDSO 
JCVLFLFCDSO 
JCVLFLFCDSO 
JCVLFLIARSO 
JCVLFLIARSO 
JCVLFLIARSO 
JCVLFLIARSO 
JCVLFLIARSO 
JCVLFLJTRSO 
JCVLFLJTRSO 
JCVLFLJTRSO 
JCVLFLJTRSO 
JCVLFLJTRSO 
JCVLFLJTRSO 
JCVLFLJTRSO 
JCVLFLLFDSO 
JCVLFLLFDSO 
JCVLFLLFDSO 
JCVLFLLFDSO 
JCVLFLLFDSO 
JCVLFLLFDSO 
JCVLFLNODSO 
JCVLFLNODSO 
JCVLFLNODSO 
JCVLFLNODSO 
JCVLFLNODSO 
JCVLFLNODSO 
JCVLFLNODSO 
JCVLFLOWDSO 
JCVLFLOWDSO 
JCVLFLOWDSO 
JCVLFLOWDSO 
JCVLFLOWDSO 
JCVLFLOWDSO 
JCVLFLOWDSO 
JCVLFLRVDSO 
JCVLFLRVDSO 
JCVLFLRVDSO 
JCVLFLRVDSO 
J CVL FL RVD SO 
JCVLFLRVDSO 
JCVLFLSJ73E 
JCVLFLSJ73E 
JCVLFLSJ73E 
J CVL FLS J73E 
JCVLFLSJ73E 
JCVLFLSJ73E 

b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 

28 
242 

1 
156 
13 

1196 
8 

246 
73 
3 

4825 
24 

858 
528 

19 
62 
23 

321 96 
16 

203 
868 
51 5 
85 

30736 
60 

755 
1151 

2 
470 
112 

17540 
17 

390 
495 

4 
267 
27 

31 51 7 
52 

314 
777 
328 
246 

42066 
84 

1112 
873 

2 
373 



JCVLFLSJ73E 
JCVLFLSMDSO 
JCVLFLSMDSO 
JCVLFLSMDSO 
JCVLFLSMDSO 
JCVLFLSMDSO 
JCVLFLSMDSO 
JCVLFLSMDSO 
JCVLFLWCDSO 
JCVLFLWCDSO 
JCVLFLWCDSO 
JCVLFLWCDSO 
JCVLFLWCDSO 
JCVLFLWCDSO 
JCVLFLWCDSO 
JPTRFLMADSO 
JPTRFLMADSO 
JPTRFLMADSO 
JPTRFLMADSO 
JPTRFLMADSO 
KYHGFLMARSO 
KYHGFLMARSO 
KYHGFLMARSO 
KY HG FLM ARSO 
KYHGFLMARSO 
KYHGFLMARSO 
KYLRFLLSRSO 
KYLRFLLSRSO 
KYLRFLLSRSO 
KYLRFLLSRSO 
KYLRFLLS RSO 
KY L RFL LS RSO 
KYLRFLMARSO 
KYLRFLMARSO 
KYLRFLMARSO 
KYLRFLMARSO 
KY LRFLMARSO 
KYLRFLMARSO 
KYWSFLMADSO 
KYWSFLMADSO 
KYWSFLMADSO 
KYWSFLMADSO 
KYWSFLMADSO 
KYWSFLMADSO 
LKCYFLMADSO 
LKCYFLMADSO 
LKCYFLMADSO 
LKCYFLMADSO 
LKCYFLMADSO 

j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 

126 
201 18 

75 
677 
828 

3 
269 
301 

39068 
48 

536 
806 

13 
597 
86 

531 59 
369 
627 
31 1 
253 

651 7 
88 
17 
9 

38 
10 

8506 
93 

134 
9 

163 
57 

9482 
146 
178 
10 
89 
40 

26574 
798 
800 
44 

704 
637 

24497 
579 
939 

2 
4 82 



LKCYFLMADSO 
LKMRFLMADSO 
LKMRFLMADSO 
LKMRFLMADSO 
LKMRFLMADSO 
LKMRFLMADSO 
LKMRFLMADSO 
LYHNFLOHDSO 
LYHNFLOHDSO 
LYHNFLOHDSO 
LYHNFLOHDSO 
LYHNFLOHDSO 
MCNPFLMARSO 
MCNPFLMARSO 
MCNPFLMARSO 
MCNPFLMARSO 
MCNPFLMARSO 
MDBGFLPMDSO 
MDBGFLPMDSO 
MDBGFLPMDSO 
MDBGFLPMDSO 
MDBGFLPMDSO 
MDBGFLPMDSO 
MIAMFLAEDSO 
M IAMFLAEDSO 
MIAMFLAEDSO 
MIAMFLAEDSO 
M IAM FLAEDSO 
M IAM FLAEDSO 
MIAMFLAEDSO 
MIAMFLALDSO 
M IAMFLALDSO 
MIAMFLALDSO 
MIAMFLALDSO 
M I AM F LAL D SO 
MIAMFLALDSO 
MIAMFLAPDSO 
MIAMFLAPDSO 
MIAMFLAPDSO 
MIAMFLAPDSO 
MIAMFLAPDSO 
MIAMFLBADSO 
MIAMFLBADSO 
MIAMFLBADSO 
MlAMFLBADSO 
MIAMFLBADSO 
M IAM FLBADSO 
MIAMFLBADSO 
M IAM FLBCDSO 

j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-C ENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-C ENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

337 
8854 

155 
456 
21 3 

89 
47 

12325 
91 
60 
71 
6 

1744 
6 
2 

18 
1 

13728 
3 

16 
135 
56 

5 
63340 

98 
1280 
1934 

28 
760 
432 

29914 
637 
689 

2 
71 9 
122 

6577 
64 1 

1062 
1864 
246 

34337 
1 

358 
603 

1 
352 
81 

13978 



MIAMFLBCDSO 
MIAMFLBCDSO 
MIAMFLBCDSO 
MIAMFLBCDSO 
MI AM FLBRDSO 
M IAMFLBRDSO 
M IAM FLBRDSO 
M IAMFLBRDSO 
MIAMFLBRDSO 
M IAMFLBRDSO 
M IAM FLBRDSO 
MIAMFLCADSO 
MIAMFLCADSO 
MIAMFLCADSO 
MIAMFLCADSO 
M IAMFLCADSO 
MIAMFLCADSO 
M I AM FLDBRS 1 
MlAMFLDBRSl 
MIAMFLDBRSI 
MIAMFLDBRSI 
MIAMFLDBRSI 
MIAMFLFLDSO 
M I AM FL FL DSO 
MIAMFLFLDSO 
MIAMFLFLDSO 
MIAMFLFLDSO 
MIAMFLFLDSO 
MIAMFLGRDSO 
MIAMFLGRDSO 
MIAMFLGRDSO 
MIAMFLGRDSO 
MIAMFLGRDSO 
MIAMFLGRDSO 
M IAMFLGRDSO 
MIAMFLHLDSO 
MIAMFLHLDSO 
MIAMFLHLDSO 
MIAMFLHLDSO 
MIAMFLHLDSO 
M IAM FLHLDSO 
MIAMFLICDSO 
M IAM FLICDSO 
M IAM FLICDSO 
M I AM FLICDSO 
M IAM FLICDSO 
M IAM FLKEDSO 
M IAM FLKEDSO 
M IAMFLKEDSO 

b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 

198 
569 
260 
131 

501 74 
12 

1476 
1015 

49 
1240 
124 

101 779 
408 

1092 
1 

804 
173 

1755 
161 
358 
40 

8 
31 109 

2 54 
833 

19 
655 
90 

22543 
110 

1289 
1317 

33 
1037 
5943 

1 14609 
1446 
2154 

71 
1071 
269 

41616 
56 1 
563 
381 
160 

1031 9 
346 
244 



M IAMFLKEDSO 
MIAMFLKEDSO 
M IAMFLKEDSO 
MIAMFLMEDSO 
MIAMFLMEDSO 
M IAMFLM EDSO 
M IAMFLMEDSO 
MIAMFLMEDSO 
MIAMFLMEDSO 
MIAMFLNMDSO 
M IAM FLNMDSO 
MIAMFLNMDSO 
MIAMFLNMDSO 
M IAM FLNMDSO 
M I AM FLN S DSO 
M IAM FLNSDSO 
M IAM FLNSDSO 
M IAM FLNSDSO 
M IAM FLNSDSO 
M IAM FLNSDSO 
M IAM FLNSDSO 
M IAM FLOLDSO 
M IAM FLOLDSO 
MIAMFLOLDSO 
M IAM FLOLDSO 
MIAMFLOLDSO 
MIAMFLOLDSO 
MIAMFLOLDSO 
M IAM FLPBDSO 
MIAMFLPBDSO 
M IAM FLPBDSO 
MIAMFLPBDSO 
MIAMFLPBDSO 
MIAMFLPBDSO 
MIAMFLPBDSO 
MIAMFLPLDSO 
M IAMFLPLDSO 
MIAMFLPLDSO 
MIAMFLPLDSO 
MIAMFLPLDSO 
MIAMFLPLDSO 
MIAMFLPLDSO 
MIAMFLRRDSO 
MIAMFLRRDSO 
MIAMFLRRDSO 
MIAMFLRRDSO 
MIAMFLRRDSO 
M IAM FLRRDSO 
MIAMFLSHDSO 

d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C ENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

10 
126 
57 

14909 
475 
593 

3 
997 
152 

28083 
176 
206 
401 

54 
31619 

6 
21 9 

1101 
45 

639 
67 

32696 
1 

335 
1226 

1 
690 

98 
43923 

1 
960 

1232 
2 

750 
224 

58747 
181 

3304 
1571 

84 
1106 
292 

56732 
593 

1039 
32 

555 
223 

381 31 



M IAM FLSHDSO 
M IAM FLSHDSO 
MIAMFLSHDSO 
M IAM FLSHDSO 
MIAMFLSHDSO 
MIAMFLSODSO 
MIAMFLSODSO 
MIAMFLSODSO 
MIAMFLSODSO 
MIAMFLSODSO 
MIAMFLWDDSO 
M IAM FLWDDSO 
MIAMFLWDDSO 
MIAMFLWDDSO 
M IAM FLWDDSO 
MlAM FLWMDSO 
MIAMFLWMDSO 
M IAM FLWMDSO 
MIAMFLWMDSO 
M IAM FLWMDSO 
MIAMFLWMDSO 
MIAMFLWMDSO 
MICCFLBBRSO 
MICCFLBBRSO 
MICCFLBBRSO 
MICCFLBBRSO 
MICCFLBBRSO 
MLBRFLMADSO 
M LBRFLMADSO 
MLBRFLMADSO 
MLBRFLMADSO 
MLBRFLMADSO 
MLBRFLMADSO 
MLBRFLMADSO 
MLTN FLRADSO 
MLTN FLRADSO 
MLTNFLRADSO 
M LTN FLRADSO 
MLTNFLRADSO 
M N D RFLAVDSO 
M N D R FLAV DSO 
MNDRFLAVDSO 
M N D RFLAVDSO 
MNDRFLAVDSO 
MNDRFLLODSO 
MNDRFLLODSO 
MNDRFLLODSO 
MNDRFLLODSO 
MNDRFLLODSO 

b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C ENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-C ENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 

218 
1321 

2 
794 
91 

6381 8 
402 

1355 
489 
85 

59651 
94 

356 
285 
23 

441 34 
2 

64 1 
1104 

3 
551 
1 74 

6554 
1 
3 

18 
8 

8781 8 
8 

1101 
1333 

75 
71 8 
684 

19476 
262 
32 

273 
81 

6564 
475 
258 
42 
46 

39686 
270 
484 

16 
245 



MNDRFLLODSO 
MNDRFLLWRSO 
MNDRFLLWRSO 
MNDRFLLWRSO 
MNDRFLLWRSO 
MNDRFLLWRSO 
MNSNFLMARSO 
MNSNFLMARSO 
MRTHFLVERSO 
M RTHFLVERSO 
M RTH FLVE RSO 
MRTHFLVERSO 
M RTH FLVERSO 
MRTHFLVERSO 
MXVLFLMARSO 
MXVLFLMARSO 
MXVLFLMARSO 
NDADFLACDSO 
N DAD FLAC DSO 
NDADFLACDSO 
NDADFLACDSO 
N DADF LACDSO 
NDADFLBRDSO 
NDADFLBRDSO 
N DADFLBRDSO 
NDADFLBRDSO 
NDADFLBRDSO 
NDADFLGGDSO 
NDADFLGGDSO 
NDADFLGGDSO 
NDADFLGGDSO 
NDADFLGGDSO 
NDADFLGGDSO 
NDADFLOLDSO 
NDADFLOLDSO 
NDADFLOLDSO 
NDADFLOLDSO 
NDADFLOLDSO 
NDADFLOLDSO 
NKLRFLMARSO 
NKLRFLMARSO 
NKLRFLMARSO 
NKLRFLMARSO 
NSBHFLMADSO 
NSBHFLMADSO 
NSBHFLMADSO 
NSBHFLMADSO 
NSBHFLMADSO 
NSBHFLMADSO 

j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
e-COIN REGUL 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

b-PBX 

b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 

48 
7532 

43 
5 

16 
5 

61 3 
6 

11388 
229 
442 

21 
196 
171 

1412 
10 
1 

44336 
662 
925 
61 3 
124 

46140 
594 

1371 
572 
101 

34528 
4 

303 
867 
374 
65 

45266 
571 
540 

1 
381 
136 

2863 
96 
24 

239 
35631 

151 
424 

3 
294 
190 



NWBYFLMARSO 
NWBYFLMARSO 
N WBY FLMARSO 
NWBYFLMARSO 
N WBY FLM ARSO 
OKHLFLMARSO 
OKHLFLMARSO 
OKHLFLMARSO 
OKHLFLMARSO 
OLTWFLLNRSO 
OLTWFLLNRSO 
OLTWFLLNRSO 
OLTWFLLNRSO 
OLTWFLLNRSO 
ORLDFLAPDSO 
ORLDFLAPDSO 
ORLDFLAPDSO 
ORLDFLAPDSO 
ORLDFLAPDSO 
ORLDFLAPDSO 
ORLDFLAPDSO 
ORLDFLCLDSO 
ORLDFLCLDSO 
ORLDFLCLDSO 
ORLDFLCLDSO 
ORLDFLCLDSO 
ORLDFLCLDSO 
ORLDFLCLDSO 
ORLDFLMADSI 
ORLDFLMADSI 
ORLDFLMADSI 
ORLDFLMADS 1 
ORLDFLMADS 1 
ORLDFLMADSI 
ORLDFLPCDSO 
ORLDFLPCDSO 
ORLDFLPCDSO 
ORLDFLPCDSO 
ORLDFLPCDSO 
ORLDFLPCDSO 
ORLDFLPCDSO 
ORLDFLPHDSO 
ORLDFLPHDSO 
ORLDFLPHDSO 
ORLDFLPHDSO 
ORLDFLPHDSO 
ORLDFLPHDSO 
ORLDFLPHDSO 
ORLDFLSADSO 

a-LOCAL POTS 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

C-CENTREX 

b-PBX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-C ENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 

4394 
36 
4 

16 
3 

2255 
26 
22 
2 

41 16 
33 
2 

24 
5 

96688 
533 
586 
321 

6 
749 
50 

34438 
340 
61 0 
455 

5 
530 
160 

52608 
759 

1792 
730 

1349 
1763 

72224 
112 

2183 
685 

25 
1021 
403 

99632 
41 

1020 
355 

8 
937 
533 

30902 



ORLDFLSADSO 
ORLDFLSADSO 
ORLDFLSADSO 
ORLDFLSADSO 
ORLDFLSADSO 
ORLDFLSADSO 
ORPKFLMADSO 
ORPKFLMADSO 
ORPKFLMADSO 
ORPKFLMADSO 
ORPKFLMADSO 
ORPKFLMADSO 
ORPKFLMADSO 
ORPKFLRWDSO 
ORPKFLRWDSO 
ORPKFLRWDSO 
ORPKFLRWDSO 
ORPKFLRWDSO 
ORPKFLRWDSO 
OVIDFLCADSO 
OVIDFLCADSO 
OVIDFLCADSO 
OVIDFLCADSO 
OV I D FLCADS 0 
OVIDFLCADSO 
PACEFLPV99E 
PACE FLPV99E 
PAC EFLPV99E 
PACEFLPV99E 
PAC E FL PV99 E 
PAHKFLMARSO 
PAH KFLMARSO 
PAHKFLMARSO 
PAHKFLMARSO 
PAH KFLMARSO 
PAHKFLMARSO 
PCBHFLNTDSO 
PCBHFLNTDSO 
PCBHFLNTDSO 
PCBHFLNTDSO 
PCBHFLNTDSO 
PLCSFLMADSO 
PLCSFLMADSO 
PLCSFLMADSO 
PLCSFLMADSO 
PLCSFLMADSO 
PLTKFLMADSO 
PLTKFLMADSO 
PLTKFLMADSO 

A-2WG UV 
b-PBX 
C-C ENTREX 
d-COIN SMART 
e-COIN REGUL 
j-SLV ANALOG 
a-LOCAL POTS 
A-2WG UV 
b-PBX 
C-CENTREX 
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Executive Summary 
The installed base of Broadband subscribers is expected to reach almost 9 million worldwide by 
the end of 2000, and almost 49 million by the end of 2003. This phenomenal growth is a direct 
result of increasing reliance on the Internet as an information, communications, business and 
entertainment tool. At the same time, new bandwidth intensive applications are being introduced 
that make the argument for broadband services very compelling. 

In many of the early markets where broadband services are being deployed, cable and DSL are 
competing head to head for the same customers. Although In-Stat believes that there will be 
plenty of customers to go around for both types of broadband access, our research demonstrates 
that DSL will become the most prominent broadband access technology worldwide during the 
forecast period. 

Figure 1 Worldwide Cable vs. DSL Market Forecast 

1998  1 9 9 9  2000  2001 2002  2003  

Source: Cahners In-Stat Group 

I Cable subs 
DSL subs 

Both services are facing hurdles to deployment, many of them are technical issues. However, the 
deep pockets of the telco’s and the comparatively lower infrastructure investment required to 
deliver DSL services, will play a prominent role in who wins the battle for the broadband 



subscriber. In addition, our comparison includes residential and business subscribers, and copper 
penetration to the business enables DSL to approach a broader total available market. 

Regulatory environments within both industries are relaxing, allowing for greater competition. 
Recent FCC rulings in the telecom industry open up the opportunity for competitive carriers to 
rapidly offer DSL services, dramatically increasing the momentum behind these services. 

In-Stat expects that the installed base of worldwide DSL subscribers will surpass cable 
subscribers in 2001. In the North American residential market, where the competition will be the 
fiercest, cable modems will remain the dominant access technology through 2002, being 
surpassed by DSL subscribers in 2002. 

Methodology 
Primary and secondary sources of information were used in the development of this report. An In- 
Stat survey of businesses was used to determine the buying and implementation behavior of IT 
managers. A separate survey was conducted of consumers to determine service provider 
preference, Internet adoption trends, and price sensitivity. ln-Stat surveys are based on a 
statistically valid sample of a cross section of end users. 

Also incorporated in the assumptions are the results of a survey of cable MSOs about the 
availability and their future plans for cable modem services. Additional research was conducted 
through direct interviews with hardware vendors and service providers in both the cable and DSL 
markets. 

In-Stat's subscriber installed base forecasts are also based on information collected from 
proprietary In-Stat databases that are part of the Multimedia and WAN research practices. 

The following major trends were evaluated in developing the forecast: 

0 Silicon integration, availability, and pricing trends 

0 Hardware reliability, availability, and pricing trends 

0 Service Provider deployment plans, business models, marketing strategies, and pricing 
trends 

0 Geographic economic conditions, Internet penetration rates, and the installed base of 
coax and copper networks 

0 End user demographics including basic psychographics 

The data in this report is calculated at a higher level of precision than shown, as a result, not all 
numbers add due to rounding. 

Delivery of Broadband Data Services 
Residential Internet and online usage has grown tremendously despite the glacial speeds 
available through existing dial-up telephone modem connections, typically limited to 33.6 Kbps or 
less. Touted as an interactive extravaganza, surfing the World Wide Web more typically offers 



narrowband users a click-and-wait experience. The growing frustration of existing online users is 
driving demand for higher-speed connections. 

Table 1 Characteristics of Broadband Data Services 

Source: Cahners In-Stat Group 



How it Works: The Cable Data Network 
Cable modems provide two-way, high-speed access between The Internet and a consumer or 
business user who is connected to a local Cable TV system. To deliver on this high speed data 
the traffic is routed through this N network. One television channel (in the 50 - 750 MHz range) 
is typically allocated for downstream traffic to homes, and another channel (in the 5 - 42 MHz 
band) is used to carry upstream signals. 

A headend cable modem termination system (CMTS) communicates through these channels with 
cable modems located in subscriber homes to create a virtual local area network (LAN) 
connection. A single downstream 6 MHz television channel may support up to 27 Mbps of 
downstream data throughput from the cable headend using 64 QAM (quadrature amplitude 
modulation) transmission technology. Speeds can be boosted to 36 Mbps using 256 QAM. 
Upstream channels may deliver 500 Kbps to 10 Mbps from homes using 16QAM or QPSK 
(quadrature phase shift key) modulation techniques, depending on the amount of spectrum 
allocated for service. 

This upstream and downstream bandwidth is shared by the active data subscribers connected to 
a given cable network segment. An individual cable modem subscriber may experience access 
speeds from 500 Kbps to 1.5 Mbps or more -- depending on the network architecture and traffic 
load. Performance can be affected by Internet backbone congestion. 

The cable modem access network operates at the physical layer, Layer 1 and the logical link 
layer, Layer 2 of the Open System Interconnect (OS) Reference Model. This enables Layer 3 
network protocols, such as IP traffic, to be seamlessly delivered over the cable modem platform 
to end users. 

How the Cable Network Delivers Data 

It all starts at the Cable N headend. The headend is a building that contains all the specialized 
equipment and power management systems to operate an entire Cable N system. Within the 
Headend building are multiple, standard 19-inch sized racks, loaded with the electronics gear that 
demodulates the incoming signals, 

assigns these signals to the appropriate channel for distribution, and modulators that send both 
video and data signals out into the rest of the Cable N system’s wired infrastructure. It is at the 
headend that the CMTS is located, routing data to the appropriate network node and ultimately 
the end user. 

A telecommunications satellite delivers high speed video and data to the Headend, to a receiver 
dish that downloads the data to the headend signal router. At this point the CMTS is the final link 
to the HFC and Coaxial network. 

Typically, the Fiber Optic cable extends from the Headend out to a Neighborhood Data Hub, 
which segments the data streams coming in from the Headend for delivery into the last part of the 
connection, which is provided by a coaxial cable. 

The passive local cable wiring delivers all the signals within a very small area. Typically, each 
branch connects to no more that 512 end-users of cable modem service. Note that one 



Neighborhood Data Hub can support up to four branches, so one Neighborhood Data Hub can 
control up to 2,048 cable Modem end users. 

Figure 2 Typical Configuration of a Cable Network 

Source: Cahners In-Stat Group 

Delivering Data to the Cable Modem Subscriber 

In the case of the residential subscriber, coaxial cable comes out of the Neighborhood Data Hub, 
and is connected to the local distribution wiring. One line from a branch is run into the yard and 
physically connected to a junction box that provides Ingress and Egress to the customer’s 
premises. Once the data has been delivered to the residence through a splitter, it is distributed by 
running several RG-58 coaxial wires through the walls or ceilings to the appropriate locations that 
contain TV sets or personal computers. 

In the case of a business subscriber, the data is delivered to a cable router, equipped with a 
101100 Mbps interface that links to a hub or switch within the business. The hub or switch enables 
multiple PCs to access the cable network, and distributes the data to the appropriate end user. 

Cable TV system operators do not want to troubleshoot hundreds of different types and 
configurations of personal computers, so they are leveraging Ethernet technology to connect to 
LANs and personal computers. An inexpensive and virtually ubiquitous technology, Ethernet is an 
ideal topology for delivering the data over the final link. 

How it Works: The DSL Network 



Digital subscriber line (DSL) provides a transmission link typically at the edge of an ATM, Frame 
Relay or IP network. DSL signifies a modem pair, which when applied to an existing single pair of 
twisted copper wire, creates a digital subscriber line. DSL and the associated DSL equipment is 
deployed in the local access network. The access network consists of the local loops and 
associated equipment that connect the service user location to the telephone company’s central 
office (CO). This network typically consists of cable bundles carrying thousands of twisted wire 
pairs to Feeder Distribution Interfaces (FDls). FDls are points where dedicated cable is extended 
out to the individual service users. 

An estimated 725 million copper wire access lines connect homes and business customers to the 
Public Switched Telephone Network (PSTN) worldwide. Approximately 95 percent of the local 
access loops consist of a single twisted pair wire, supporting plain old telephone service (POTS). 
POTS is designed to carry a voice conversation, which requires the lines to handle frequencies 
from 0 Hertz up to about 3,400 Hertz (1 Hertz = 1 cycle per second). POTS has historically 
supported only voice calls or analog modem transmissions at speeds commonly ranging from 9.6 
to 33.6 kbps. The highest achievable information rate using the 3,400 Hertz frequency spectrum 
is less than 56 kbps. 

The copper wire between a user’s site and a carrier’s central office can support transmissions 
over frequencies up to about 1MHz for wire lengths of between about 12,000 and 18,000 feet, or 
about 2.2 to 3.4 miles. The way DSL is able to take advantage of the available frequency and 
achieve considerably higher data rates over the same POTS line is that DSL, much like traditional 
T I  or E l ,  is by using a much broader range of frequencies than the voice channel. This type of 
implementation requires transmission of information over a wide range of frequencies from one 
DSL modem at the end of the copper wire loop to another complementary device which receives 
the wide frequency signal at the far end of the copper loop. 

A typical DSL configuration includes a customer premise modem, a CO telco modem and a 
concentrator, which aggregates traffic from multiple modems for delivery to a data network while 
routing voice traffic to a voice switch. In the case of asymmetric DSL, voice and high-speed data 
can be transmitted through the same line at the same time without interference. First, the high- 
speed data is transmitted through the Customer Premise Equipment (CPE). DSL CPE modems 
usually come in one of two forms, internal PC cards or external bridgehouters. The connection is 
typically 1 OBase-T, V.35, ATM-25 or TI/EI. The POTS channel is split off from the digital modem 
by filters, guaranteeing uninterrupted POTS, even if DSL fails. Please see Figure 3. 

Figure 3 Typical configuration of a DSL system 
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Source: Cahners In-Stat Group 

DSL modems divide the available bandwidth of a telephone line through Frequency Division 
Multiplexing (FDM) or Echo Cancellation. FDM assigns one band for upstream data and another 
band for downstream data. The downstream path is divided by time division multiplexing into one 



broadband network combined with the system's "always on'' characteristic is ideal for delivering 
emergency information. 

Telemedicine will be an emerging opportunity. The medical industry has urgent requirements 

for the use of broadband technology in sharing patient information, research, and leveraging 
physicians' expertise across geographies. A broadband service supports quick transfer of very 
large files aiding in treatment, diagnosis and education. 

Cable Market Drivers and Hurdles 
More than 95 million homes in North America are passed by broadband coaxial cable plant and 
more than 67 million homes currently subscribe to cable TV services. With near-ubiquitous 
coverage, coaxial cable connections provide a potentially powerful platform for providing 
residences and small business with high-speed data access. This represents a very large target 
market for data services. 

IP Telephony. Delivering telephony over the cable network completely changes the value 
proposition for the cable operator, and has been a major goal among MSO's for years. However, 
the standards, infrastructure and business models are developing very slowly. Comcast recently 
announced that it deployed Lucent's Cableconnect System (which uses Motorola's CMTS) to test 
a Packetcable based VolP service in Union, NJ, among 25 participants. The service supports 
local and long distance calls, both on and off network calls and standard and CLASS phone 
features. Other VolP cable trials are being conducted in Canada by Videotron and in Texas by 
Chambers, both have Cisco as the primary vendor. 

Shared Network Platform Performance. Cable modem systems rely on a shared access 
platform. Unlike circuit-switched telephone networks where a caller is allocated a dedicated 
connection, cable modem users do not occupy a fixed amount of bandwidth during their online 
session. Instead, they share the network with other active users and use the network's resources 
only when they actually send or receive data in quick bursts. As a result, shared access can 
result in a deterioration of performance as more users access the network. 

To avoid this type of congestion, a cable operator can subdivide the physical cable network by 
running fiber-optic lines deeper into neighborhoods, which reduces the number of homes on a 
shared link. However, this can be a significant investment. The other alternative is to allocate an 
additional 6 MHz video channel for high-speed data, doubling the downstream bandwidth 
available to users. 

Security. Cable modem services present security challenges because of two primary problems. 
First, since cable modems are connected full time, they use the same IP address. This provides 
(in theory, at least) a constant and inviting target to hackers. In contrast, a PC connecting through 
a dial-up Internet service provider is assigned a different IP address every time it connects to the 
Internet. 

The second problem for cable modem subscribers is that users share bandwidth on a single 
cable. In theory, this presents a more inviting target to hackers trying to inset a "Trojan Horse" 
type of program (Back Orifice and Net Bus are the most common) onto a PC that uses a cable 
modem. The simplest solution to this problem is to turn off the file and print sharing options on 
your PC, and leave them off. In fact, almost all cable broadband lSPs strongly recommend this 
preventative measure. The one drawback to this solution is that once you turn off these options, 
you can no longer network multiple machines in the home. 



Service providers are currently in the process of developing firewalls and other security upgrades 
to alleviate this problem. Although most cable modems sold to date don't have security, the new 
standards-based breed of cable modems supports security capabilities. 

Standards. DOCSIS (Data Over Cable Systems Interface Specifications) is a standard interface 
for ?cable modems. DOCSIS certified cable modems are identifiable by a "CableLabs " seal. 
This seal will inform consumers and cable operators that aICertified modem complies with the 
CableLabs' DOCSIS cable modem specification. It also assures the modem will communicate 
(interoperate) with qualified cable system headends. 

DOCSIS 1 .O was ratified by the International Telecommunication Union (ITU) in March of 1998. 
Initial cable modem certifications were awarded in early 1999, with the most recent certifications 
awarded on December 9, 1999 to Best Data and Com21. 

DOCSIS 1.1 adds key enhancements to the original standard, such as improved quality of service 
(QoS) and hardware-based packet- fragmentation capabilities, to support IP telephony and other 
constant-bit-rate services. In short, DOCSIS 1.1 provides the bandwidth and latency guarantees 
required to offer toll-quality voice and business-class data services. As a result, cable operators 
are eager to deploy the technology. CableLabs does not plan to begin certifying cable modems 
for DOCSIS 1.1 compliance until April 2000. However, vendors are trying to create a smooth 
migration path by obtaining 1 .O certification for their 1 .l-capable modems. The expectation is that 
these modems could be upgraded to the 1.1 standard via software once formal certification 
begins, helping cable operators and consumers preserve their hardware investments. 

The "Open Access" Debate. Perhaps the hottest issue facing cable modem service today is the 
"Open Access/Forced Access" debate. The point of contention centers on the fact that cable 
broadband customers have no choice of Internet service providers. Currently, AT&T cable data 
subscribers are automatically signed up for Excite@Home's Internet service. Other Internet 
service providers have protested this practice. And with AT&T's proposed purchase of MediaOne, 
the issue has exploded into an interesting fight between the cable industry and the dial-up ISPs. 

On one side are the cable companies trying to build, upgrade, and operate proprietary networks 
with lines accessible only to their own or partner ISPs. On the other side are ISPs, some 
consumer groups, and the phone companies, all of which want broadband cable lines open to 
any provider willing to pay line usage fees, just like the phone companyldial-up ISP model. 

Identification of the opposing sides is relatively easy: just pay attention to the buzzwords. The 
dial-up lSPs (America Online, Mindspring, US West, etc.) are members of the "OpenNet 
Coalition." They refer to the issue as "Open Access." On the cable side of the argument, the issue 
is termed "Forced Access." 

In early December 1999, AT&T formally agreed to eventually allow rival Internet services to use 
its cable lines to provide high-speed computer connections. AT&T struck an agreement in 
principle with Mindspring, the nation's second-largest Internet service provider (and a key 
member of the OpenNet coalition) formally committing itself to a new "open access" policy. 

The key word in the agreement is "eventually." The announcement stated that AT&T would allow 
subscribers to use the ISP of their choice "once technical issues are addressed and after AT&T's 
current exclusivity contract with mailto:Excite@Home 

Excite@Home expires in mid-2002." The open access debate will be a two year battle in the 
cable industry, ultimately presenting a hurdle to the markets progress. 

Since the January 2000 merger announcement of America Online and Time Warner, AOL has 
toned down its rhetoric about Open Access and is "further examining" the issue. While AOL 
publicly claimed it still supported the OpenNet Coalition and its stance on Open Access, the fact it 



may soon have 13 million cable subscribers has made it imperative that it mend some fences with 
the cable industry and find some common ground about the issue. 

MSO infrastructure and data access availability. An In-Stat survey of cable MSO’s in the US 
revealed that the status of their digital cable services deployments and investments are not 
progressing as rapidly as initially expected. 

In effect, the survey results pointed out two trends about cable broadband service in the United 
States that we had previously only suspected. 

The first trend is that cable modem services are still not widely available. Since most Cahners In- 
Stat Group employees live in major metropolitan areas and cannot get cable broadband service, 
we already knew this from anecdotal evidence. However, we were still a little surprised that two- 
thirds of the MSOs did not offer cable modem services in their area of operation. 

The second trend is that future rollouts of cable broadband data service in the U S .  will be 
relatively slow. By mid-year 2001, only half of the MSOs polled were planning to offer cable 
modem service. 

Table 2 Current Number of 6 Mhz Channels Allocated for Cable Modem Services 
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Table 3 Anticipated Number of 6 Mhz Channels Available for Cable Modem Services in 24 
Months 





Standard twisted pair wiring rapidly attenuates frequencies much higher than 1 MHz. (Attenuation 
is a function of distance, shorter the distance - less the attenuation - higher the speed). Over 24 
gauge wire and within 18,000 feet ADSL can transmit downstream at 1.5 Mbps or greater. Within 
shorter distances the downstream throughput can reach as high as 8Mbps. 

These limitations of the copper pair created the demand for DSL lite (maximum speed of 1.5 
Mbps) which offered the flexibility of higher speeds than analog modems and ISDN without 
limiting the customer base to those next door to the central office. It is estimated that only about 
1/3 of the installed lines in the US are 12,000 feet or less from the CO, while internationally, the 
number is even more uncertain. 

Beyond the distance issue, two other line characteristics affect ADSL: the bridge tap and the 
loading coil. Telco’s are not certain which lines are impacted by either, and loading coils and 
bridge taps have the ability to render an ADSL connection impossible. Several vendors have 
introduced sophisticated testing equipment over the last year to make the process of customer 
line qualification much simpler. 

Technical Issues: Spectral Compatibility Various types of DSL in the same bundle can cause 
interference with each other, and almost always degrade the performance of other services within 
the same bundle. The culprit is cross talk, which becomes an issue when the power level of the 
cross talk signal becomes comparable to the power level of the primary signal. Higher frequency 
transmissions are generally more susceptible. Cross talk from existing services will generally 
reduce the performance of other services that occupy the same frequency spectrum. 

Cross talk results in reducing the loop reach and/or speed of DSL, specifically full rate DSL. 
However, sub rate DSLs are virtually unimpaired by T I  services in the same bundle. Additional 
challenges in the residential environment are cross talk from 2B1Q based ISDN, HDSL and 
DAML. 

Technical Issues: The DLC. DLCs move the termination points for local loop subscribers into 
the neighborhood. These pedestals reduce the length of the local loop. As many as one third of 
US loops are estimated to be served by DLCs. 

The two problems ADSL systems encounter with DLCs are: 

1 ) the fact that ADSL termination equipment is required in these space limited pedestals. DSL 
services cannot pass through DLCs passively, DSL line cards must be integrated to terminate 
and convert the transmission to standard services for back haul with voice. Vendors are now 
offering specialized solutions for DLCs including line cards that integrate with existing DLC 
equipment. 

2) Existing DLCs were not designed to support power intensive technologies like ADSL. For 
example, a DLC can support about 1 W per line card while full rate ADSL requires 3-4 Watts or 
more in many cases. Sub rate DSL will reduce power slightly, but not enough for most DLCs. 
Next generation DLCs are expected to support higher power, and next generation ADSL products 
are expected to decrease power consumption, but this is still a limiting factor in initial DSL market 
growth in the near term. 

Voice over DSL. While there are still technical hurdles to DSL deployment, there is no lull in 
technology innovation to enable the delivery of DSL and services that take advantage of the fat 
pipe. 

VoDSL has tremendous untapped potential, especially among competitive local exchange 
carriers (CLECs), because the technology permits them to provision multi-line telephone service 
to small businesses at a price point that is significantly less than what incumbent local exchange 
carriers (ILECs) are charging for the same type of service. This does not mean, however, that 



VoDSL is not of ILEC interest. On the contrary, ILECs that choose to deploy VoDSL will find they 
have a new and powerful way to avoid the massive costs of provisioning new copper. 

Cahners In-Stat Group believes that voice over DSL (VoDSL) will emerge as the first "killer" 
application to propel the widespread usage of DSL. Small businesses will be the primary target 
market for VoDSL services. 

Broadband Market Forecast 

Worldwide Broadband Access Forecast 
The following dynamics are driving the demand for broadband access services: 

Increasing Internet Penetration 

Increase in small businesses' reliance on the Internet 

Increase in telecommuting, driving demand for corporate subsidized high speed access 

Increased Awareness of Broadband Access Alternatives 

Increased Availability of Broadband Access Alternatives 

Declining Costs of Broadband Access Alternatives 

Growing number of bandwidth hungry applications 

Table 4 Worldwide Installed Base of Broadband Access Subscribers 
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These drivers will result in growth of both DSL and cable subscribers through the forecast period. 
However, competition is heating up. Telco's have been more rapidly rolling out DSL services in 
areas served by cable modem services. As a result, the technologies are beginning to compete 
head to head in many cities for the same customer. In any battle, there is usually only one winner. 
In-Stat believes both cable and DSL access services will find plenty of customers during the 
forecast period, essentially making both services winners, however, In-Stat forecasts DSL to 
reach the highest penetration rates beginning in 2001 through 2003. Please see Table 5 .  

Table 5 Worldwide Installed Base of Cable vs. DSL subscribers 
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Figure 4 Worldwide Cable vs. DSL Market Share Forecast 

Source: Cahners In-Stat Group 

Factors impacting the growth of worldwide cable modem subscribers include: 

Upgrades to existing cable infrastructure: The continuing upgrade of most cable plants to 
bi-directional, 750 Mhz hybrid fiberkoaxial (HFC) systems is expensive and time- 
consuming. 

Continued standardization to ensure the interoperability of cable data equipment. 

Relatively slow worldwide growth rate of cable TV subscriptions. The worldwide growth 
rate will be 7% per year through the year 2002, and the bulk of this growth will be limited 
to one country: China. 

In several countries, like Italy and Portugal, most of the cable infrastructure is owned by 
the incumbent telephone company, which just happens to be a state monopoly. For the 
most part, these telcos are pushing broadband services like DSL. 

Fragmentation of the local cable market. In many countries, especially in Asia and Latin 
America, cable service is divided between many "mom-and-pop" cable operators. This 
fragmentation denies many areas the economies of scale needed to introduce broadband 
cable data services. 

Factors impacting the growth of worldwide DSL subscribers include: 



Declining prices for DSL services 

The Emergence of PC OEMs as a channel 

Real pressure on ILECs from competing technologieslservices from Cable Companies 
and Wireless Internet Service Providers 

Aggressive Roll outs by CLECs of inexpensive business data services as a foot in the 
door of business customers 

Increased investment by carriers in DSL infrastructure. In 1999 alone, carriers invested in 
enough infrastructure to support almost 3 million DSL lines. 

Voice over DSL will fundamentally change the value proposition for carriers deploying 
DSL 

North American Broadband Access Market 
The most significant opportunity for broadband services over the next five years, North America 
will experience a stronger penetration rate of DSL services during the forecast period. 

Table 6 North American Cable vs. DSL Subscriber Installed Base 
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Figure 5 North American Cable vs. DSL Forecast 
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Factors impacting the growth of North American cable modem subscribers and revenues include: 

0 

The outcome of the "open access" debate 

The rate of MSO infrastructure investment for cable data services 

The availability of DOCSIS 1 .I products and then voice enabled services, changing the 
revenue model for the MSO. 

Increasing competition from other broadband data services. These include the rapid 
growth of DSL services and moderate growth in satellite and fixed wireless broadband 
data services. 

Factors impacting the growth of North American DSL subscribers include: 

Although it is generally agreed that US residential demand for entertainment and other 
services will provide a mass market for DSL based service deployments, small 
businesses also represent a tremendous growth opportunity. 

A survey of small businesses in the US indicated that over half expect to be connected by 
a DSL pipe by 2001. 

The presence and penetration of competitive carriers continues to increase as the 
regulatory environment improves. 

Voice over DSL will fundamentally change the value proposition for CLECs and ILECs 
deploying DSL. 

Government rulings on line sharing considerably improve CLEC's business model for 
delivering ADSL services. 

The Real Battleground: Residential Broadband 
Access 
Because of the low penetration rates and adoption rates expected for cable modems in the 
enterprise, the residential market will be the real battleground between the broadband access 
alternatives. While cable penetration has outpaced DSL in the early stages, the renewed efforts 
of the telecom carriers to market to, and provide services for residential users has stepped up 
availability considerably. 

Price drops have also fostered customers as cable and DSL access begin to experience more 
pricing parity. In many areas, end users are more comfortable relying on their telco than their 
cable providers. All of these factors, as well as the drivers discussed above result in a higher 
penetration of DSL in the North American residential market by 2002. 

Table 7 North American Residential Broadband Access Forecast 
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Total Mail-out 

MSA I 

I .O Executive Summary 

Qualified Cable Qualified DSL Total Qualified 
Modem Users Users Respondents 

This report analyzes the results from a survey of 599 broadband users in four MSAs 

(metropolitan statistical areas). It is part of a multiclient study entitled Broadband Access @ 

Home. Chapter 10 also includes results from a short survey of over 6,000 dial-up users in the 

same four markets. 

Atlanta: 

San Jose: 

1.1 Sampling 

27,807 105 51 156 

23,546 51 102 153 

Parks Associates selected the four MSAs listed in Figure 1-1 for sampling. These four MSAs 

represent the four Rl3OCs and the two dominant cable ISPs (ExciteaHome and Road Runner). 

Both cable modem service and DSL were available in these MSAs when the survey was 

conducted. As head-on competition between DSL and cable modem service is becoming 

intense, surveying broadband users in markets where both services are available would provide 

strategic insight into various implications of competition in the broadband marketplace. 

New York: 

Phoenix: 

Total 

Survey of Broadband Users: the Sample 

53,841 50 42 92 

25,334 147 51 198 

130,528 353 246 599* 

Figure 1-1 
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The survey was conducted online in January 2000. A total of 9,063 online users responded to 

the survey. Among them, 599 are qualified respondents (broadband users AND household 

decision-makers). 

In addition to the four RBOCs, ExciteaHome, Road Runner, and a few other broadband service 

providers are represented in the survey, as illustrated in Figures 1-2 and 1-3. This survey is not 

intended to represent all broadband users and all broadband service providers. Findings from the 

survey apply only to the four MSAs. Nonetheless, Parks Associates feels confident that this 

survey can be used to make inferences about the broadband marketplace in general. 

1.2 Hardware, Installation, and Service Plans 

The brands of hardware do not appear to be an important issue, at least to the current broadband 

users. First of all, 32% of cable modem users and 14% of DSL users do not even know the brand 

of the high-speed modems that they have been using. Secondly, 90% of the broadband users 

were not even given choices about brands of hardware when they signed up for broadband 

services. 

Thirty-two percent of the respondents reported leasing their high-speed modems. Virtually all of 

such respondents are cable modem users. Only 3% of DSL users reported leasing a modem, 

compared with 53% of cable modem users, mainly because few DSL providers have given their 

customers a lease option. 

Only a small number of broadband users (14% of cable modem users and 4% of DSL users) 

reported a typical downstream speed of 1.5 Mbps or more). Many (44% of cable modem users 

and 18% of DSL users) do not even know the typical downstream speed they get. These findings 

suggest that majority of broadband users only get sub-Mbps speed downstream. 

Most of the cable modem users (84%) do not have a term contract for service, compared with 

54% of DSL users without a term contract. This is because more DSL providers than cable 
2 
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Providers of DSL Lines 
(n=246) 

Others Not Sure Bell Atlantic 
NorthPoint- 6% 4% 12% 

BellSouth 
15% 

U S West 
19% PacBell 

31 % 

Source. Broadband Access @ Home, Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 
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Figure 1-2 

lSPs for Cable Modem Service 
( n = 353) 

Others/Not sure Speed Choice Charter 

'P/o HSNISP Channel 
Total Web 1% 

3% 

Road Runner Optimum 
15% \Onlinei@Home 

3% 

Source: BmadbandAccess @ Home : Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

@Home 
55% 

Figure 1-3 
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modem ISPs require subscribers to make a choice between a month-to-month rate plan or a term- 

contract rate plan (with a lower monthly charge). So it appears that a term contract with a lower 

monthly fee is more attractive than the opposite. Among those who have a term contract, most 

(87%) are obliged to keep their service for one year. 

There is no significant difference between DSL and cable modem service in terms of the time 

needed for service installation. The average number of hours spent on installation is 3 hours and 

26 minutes. More DSL users (34%) than cable modem users (14%) reported self-installation. 

Upfront Expenses for Broadband Services 
(Among those who reported an expense greater than zero for a particular item) 

n=599 
$250 

I UCable M o d e m  Users 1 199 

Average Avergae Average Average Other Charges Total Average 
Charge for Charge for Charge for Charge for U pfront 

Modem Other Installation Service Charges 
Hardware Activation 

Source: Broadband Access @ Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

I I 

Figure 1-4 

The average monthly charge reported by cable modem users is $36, compared with $60 reported 

by DSL users (including ISP charge). On average, DSL users paid $199 on hardware, 

installation, and service activation. Cable modem subscribers, on the other hand, paid $17 1. 
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Although cable modem service has had a price advantage over DSL, Parks Associates expects 

the price difference to diminish soon. 

1.3 Online Usage 

On average, the respondents used the Internet at home for four years before adopting broadband. 

When the survey was conducted, cable modem users had been using broadband for an average of 

12 months, while DSL subscribers had been using the service for an average of six months. 

Average Hours Online Per Week 
(n=599) 

40 1 
I ? E  1 33.5 

I 
29.6 ' OBefore Broadband 1 I 1 mAfterBroadband 1 c)J ~ 

30 1 

21.6 

13.8 I 
15 1 

5 

0' 
Myself Whole Household 

Cable Modem Users 

Myself Whole Household 

DSL Users 

Source: Broadband Access @ Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

I 

Figure 1-5 

Both DSL and cable modem users spend almost six hours more online per week because of the 

usage of broadband connections. Their whole households have increased online usage by about 

9 hours per week. Overall, broadband users now spend more than 20 hours online a week, while 

their whole households spend at least 30 hours online per week. 
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Other than e-mail, the most frequent activities online include using search enginesidirectories, 

checkingitrading stocks, and banking online. The least frequent online activities include making 

Internet phone calls, accessing business computer network, and creatinghpdating personal Web 

pages. 

1.4 Decision-Making 

Most of the broadband users became aware of the availability of broadband services through 

their own research, direct mail, and media advertising. On average, it took most broadband 

users (79%) two months or less to decide to adopt broadband services. 

Benefits related to speed are perceived as the most important to the purchase decision. High 

downstream speed and constantiinstant connections to the Internet (related to speed) are 

perceived to be more important than freeing up phone lines, saving the cost of using a separate 

line for voice, or broadband content. Of course, all of these benefits are important, as they are 

all mentioned by at least 50% of the broadband users as being important to the purchase 

decision. There are no significant differences between DSL users and cable modem subscribers 

in terms of the perceived importance of the key benefits of using broadband services. 

Two other significant factors in the decision-making process are family members requesting 

broadband services and business related use. Twenty-nine percent of the broadband users said 

that requests from family members played an “extremely important” or “somewhat important” 

role in the decision to adopt broadband services. As to business-related use, 38% rated it as 

either “extremely important” or “somewhat important.” 
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What Benefits of Broadband Are Important to 
the Purchase Decision 

(n=599, multiple responses) 
I 

96.8 
I94  High speed 
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66.2 
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Broadband content 

Saving the cost of using an 56 1 =Cable Modem Users 
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Source: Broadband Access @ Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

Figure 1-6 

I .5 Satisfaction 

Seventy percent of the respondents are satisfied with their broadband services (rating of 5 or 4 on 

a 5-point scale, with 5 meaning “very satisfied”). There is no difference between DSL users’ 

satisfaction and cable modem subscribers’ satisfaction. Close to 10% are NOT satisfied (rating 

of 1 or 2 on a 5-point scale, with 1 meaning “very dissatisfied”). 

Broadband users are more intolerant of service outages than the high monthly fees they have to 

pay. Fifty-four percent of the broadband users selected service outages as their number-one 
complaint, while a smaller number of respondents (42%) reported a high monthly fee as what 

they dislike most. Other things they dislike include variance of speed, troubleshooting after 

installation, speed slower than expected, having to schedule professional installation, worries 

about hacking/security, having to change their ISP and email address, and paying for 

professional installation. 
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Are Broadband Users Satisfied? 
(n=599) 

80 1 

Satisfied Neutral Not Satisfied 

Source: Broadband Access @ Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

Figure 1-7 

1.6 Consideration of Alternative Services 

In total, 40% of all the DSL users surveyed were aware of the availability of cable modem 

service when they signed up for DSL. As to cable modem users surveyed, 26% knew of DSL’s 

availability. So why did they pick one over the other? The number one reason for DSL users is 

that they don’t like their cable company, while the number one reason for cable modem users is 

their perception that cable modems are faster. 

Awareness of the availability of DirecPC and broadband fixes wireless is low at 3 1.6% and 

17.7%, respectively. The most important reason why the broadband users surveyed did not sign 

up for DirecPC or broadband fixed wireless services is that they do not like the idea of having to 

use a diswantenna for downstream data and a phone modem for upstream data. 
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I I I I 
Cable modem is faster 
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Figure 1-8 

My employer chose the service for me 
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Source: Broadband Access @Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

Figure 1-9 
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1.7 Additional Phone Lines 

More than half (53%) of the broadband subscribers currently have additional phone lines at 

home. However, 59% used to have a separate phone line dedicated for Intemet access. This 

indicates that the adoption of broadband services has somewhat decreased the usage of additional 

phone lines. Among those who used to have a separate line for dial-up Intemet access, 42% 

have already stopped using that line. However, more than half are still using that line today. 

The top-three reasons for keeping that line are faxing, dial-up access to the Intemet in case of 

broadband service outage, and usage by someone else in the household. 

Is the Separate Phone Line Still In Use? 

(n=354) 
(Among Those That Used To Have A Serarate Phone Line For Internet Access) 

I Have Already Stopped Using That Line 

I Use the Line for Fax 

I Use the Line When I Have to Use My Old Phone Modem 

I Have Kept the Line for Someone Else in My Family 

I Use !he Line for Work 

Other 

I Intend to Stop Using It 

I Have Kept the Line for Guests 

30.8 

@ 42.1 

0 5 10 15 20 25 30 35 40 45 

Percent 
Source: Broadband Access @ Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

Figure 1-10 

Nearly half (46%) indicated that they do not need any additional lines, and the average monthly 

fee that broadband users (excluding those who responded with a zero) are willing to pay is only 

$9.90 per additional line. This suggests that Voice-over-DSL (VoDSL) and multi-line IP-based 

cable telephony may not meet with very strong consumer demand. 
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1.8 Home Networking 

Sixty-six percent of the broadband users have two or more PCs. Among them, 55% have a 

computer network. The applications used most frequently are shared Internet access (88%), file 

sharinghransfer (86%), and printer sharing (80%). Ethernet accounts for 89% of all the 

computer networks installed. Among the broadband users without a computer network, 35% feel 

a need for one. 

What Are Computer Networks Used For 

(n=215) 
(Among broadband users with a computer network) 

90 
80 
70 
60 
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Gaming to Access TransferlSharing Access 

ComDutedlnternet 

Source: Broadband Access @ Home: Survey of 599 broadband users in four MSAs 
0 2000 Parks Associates 

Figure 1-1 I 
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~~ 
~ ~~ 

Have at least one work-at-homer in household 77% 42%3 
Own a home theater 32% 21%4 
Own a fax machine 41% 1 1%5 
Subscribe to a premium channel 45% 35%6 

Use a pager 45% 37%8 
Have a DVD player 24% 5%9 
Use a PDA 32% 5 % ’ O  

Use a mobile phone 81% 51%’ 

1.9 Demographics 

Comparison Between Broadband Users 
and the Average Consumer 

I 1 Broadband Users 1 National Average I 
1 Medium household income I $75.000-$99.999 I $38.885‘ I 
1 Attained college degree or more I 63% I 24.4%2 I 

Figure 1-12 

The broadband users clearly represent the most attractive consumer segment to service providers. 

They generally have attained a high level of education, earn a high household income, subscribe 

to numerous services, and are the early adopters of various emerging technology-based products. 

Figure 1 - 12 is a comparison between broadband users and the average consumer. 

- 

’ 1998 data from US Census Bureau 
Ibid. 
Based on several surveys Parks Associates conducted in 1998 and 1999 
January 2000 data from CEA 
Based on Parks Associates’ own consumer research 
Based on data from the FCC 
’ January 2000 data from CEA 

Ibid. 
Ibid. 

l o  Based on Parks Associates’ own consumer research 
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2.0 Methodology 

This chapter discusses how Parks Associates designed and executed the survey of broadband 

users. Topics include the selection of target markets for the survey, major topics covered, 

sampling, and survey reporting. 

2.1 Selection of Target Markets for the Survey 

Although the availability of broadband Internet services is still limited, Parks Associates 

estimates that there were at least 20 major markets where both DSL and cable modem service 

were available at the end of 1999. Head-on competition between the two major platforms for 

broadband Internet services is becoming intense. Thus, surveying broadband users in markets 

where both services are available provides early insight into what will be a fierce battle in the 

broadband marketplace. Thus, Parks Associates selected four MSAs, or metropolitan statistical 

areas (Figure 2-l), that represent the four RBOCs and the two dominant cable ISPs 

(ExciteaHome and Road Runner); both cable modem service and DSL were available in the 

four MSAs when Parks Associates conducted the survey. 

MSAs Selected for the Survey of Broadband Users 

MSA RB 0 C s Represented Major Cable ISPs Represented 

Atlanta: BellSouth @Home, Road Runner 

San Jose: PacBell (SBC) @Home 

New York: Bell Atlantic Road Runner 

Phoenix: U S West 

Figure 2-1 

@Home 
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2.2 Major Topics Covered 

The survey covers the following major topics: 

0 The benefits of broadband services and the importance of each to respondents’ purchase 

decision-making process. 

Influence of different marketing approaches on decision-making. 

Other factors that influence decision-making. 

Level of satisfaction with high-speed Internet service. 

0 

0 

0 

0 What is liked best. 

0 What is liked least. 

0 

0 

0 

0 

0 

0 Usage of home networking. 

0 Demographic profiles. 

Changes in computer and online usage. 

Awareness and consideration of alternative high-speed services. 

Likelihood of switching to an alternative service. 

Conditions that may make broadband users switch to altemative services. 

Impact of broadband adoption on usage of additional phone lines. 

2.3 Sampling and Reporting 

In December 1999, Parks Associates contracted Harris Interactive, which has a panel of several 

million online users, to conduct the survey online. The questionnaire was e-mailed to a total of 

130,528 online users in the four MSAs selected for the survey. A total of 9,063 online users 

(7%) responded to the survey. Among them, 7,445 completed the whole survey (82% 

completion rate). The respondents who completed survey fall under three categories: 

0 620 online users who identified themselves as both broadband subscribers and decision- 

makers. 

149 online users who identified themselves as broadband subscribers but NOT decision- 

makers (unqualified). 

0 
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Total Mail-out 

0 6,676 online users who identified themselves as dial-up Internet subscribers (unqualified). 

Among them, however, 3 1 reported using a cable modem in the middle of the survey. Parks 

Associates removed them from the data file while conducting analysis. 

Qualified Cable Qualified DSL Total Qualified 
Modem Users Users Respondents 

Due to a very low market penetration rate of satellite-based DirecPC service (less than 100,000 

users in the US at the end of 1999), Parks Associates only surveyed cable modem and DSL 

users. The survey was fielded on January 7,2000, and completed on February 14,2000. 

After scanning the responses from the 620 respondents who identified themselves as broadband 

subscribers, Parks Associates identified 2 1 respondents who either provided extremely 

abnonnal/conflicting responses to multiple questions or mistakenly identified themselves as 

cable modem users at the beginning of the survey and indicated later that they were not. These 

respondents have been removed from the SPSS file used for the creation of the data tab and 

analysis in this report. Thus, a total of 599 respondents are considered qualified for the survey. 

Survey of Broadband Users: the Sample 

MSA 

1 Atlanta: I 27,807 1 105 I 51 1 156 I 
I San Jose: 1 23,546 1 51 j 102 I 153 1 
1 NewYork: I 53,841 1 50 1 42 1 92 I 
1 Phoenix: 1 25,334 1 147 I 51 I 198 I 
1 Total 1 130,528 1 353 1 246 I 599* 1 
1 * After removing 21 unqualified respondents. I 

Figure 2-2 

Parks Associates initially set a quota of 50 DSL users and 50 cable modem users per MSA, with 

a total sample size of 400 broadband users. Due to the nature of an online survey and the actual 
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status of broadband deployment in these four MSAs, Parks Associates has obtained a larger 

sample size. From the New York MSA, however, only 42 DSL users responded. Parks 

Associates and the fielding company were unable to solicit more DSL respondents prior to the 

closing of the survey. In fact, Parks Associates extended the closing of the survey for three 

weeks in an attempt to get more DSL respondents from New York. Parks Associates believes 

that primarily because Bell Atlantic did not start deploying DSL in New York City until the 

summer of 1999, not many panelists of the fielding company are DSL subscribers living in New 

York. 

The detailed results of the survey are available in the data tab, which includes multiple categories 

for cross-tabulations. This report will not follow a question-by-question format or restate the 

numbers in the data tab. Instead, it will focus on a few key subject areas and integrate multiple 

questions together while analyzing survey results. Each chapter consists of text-based analysis 

and numerous charts that illustrate the major findings from the survey. 

The unqualified dial-up users who participated in the survey filled out a much shorter 

questionnaire that mainly consists of the screening and demographic questions. However, Parks 

Associates did ask them to answer four questions related to their awareness of broadband 

services and intentions of modedservice upgrades. Responses to these questions will be 

discussed in the last chapter of this report. 
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3.0 Service Providers 

3.1 Representation of Service Providers 

Because the survey was conducted in four MSAs rather than throughout the nation, it does not 

represent all providers of DSL and cable modem services are represented in the study. In 

addition, the survey is not meant to reveal the actual market share of each service provider that 

operates in the four MSAs selected. For example, Figure 3-4 is not a representation of the 

service providers’ nationwide market share. Rather, it summarizes the percentage of each 

service provider’s DSL customers that participated in the survey. 

However, the survey does reflect the competitive strengths of the broadband service providers. 

For example, SBC and U S West are the two largest providers of DSL in the US, and they are 

indeed represented in the survey as the two largest DSL players (Figure 3-4). In fact, SBC’s 

estimated market share of DSL services nationwide is exactly the same as the percentage of 

respondents using DSL who reported Pacific Bell (a subsidiary of SBC) as the provider of DSL 

lines: 31%”. Similarly, @Home and Road Runner are represented as the two major cable 

modem ISPs in the survey (Figure 3-3). 

Finally, the survey provides a good representation of broadband service providers in the sense 

that it allows the reader to compare different sub-groups of broadband subscribers on the basis of 

the service providers they use. For example, the reader can compare Pacific Bell’s DSL users in 

San Jose with U S West’s DSL users in Phoenix or @Home users in San Jose. The reader can 

also compare DSL users as a group with cable modem users as a group. 

” SBC reported 155,000 DSL subscribers for the fourth quarter of 1999, accounting for 3 1 % of approximately 
500,000 DSL subscribers nationwide at the end of 1999, according to DSLpnme.com’s estimate. 
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3.2 Providers of Local Telephone and Cable TV Services 

Figures 3-1 and 3-2 indicate that broadband subscribers in each MSA may use different 

providers for local telephone and cable TV services. For example, some cable modem users get 

telephone, cable TV, and high-speed Internet services all from the same cable company (e.g., 

Cox Communications in Phoenix and MediaOne in Atlanta). Similarly, there are some DSL 

subscribers that get both telephone and subscription TV services from BellSouth (in Atlanta) or 

U S West (in Phoenix). 

However, the variation in service providers is not as significant as Figures 3-1 and 3-2 may 

suggest on the surface. Two factors have caused the big variations in the service-provider 

figures. First, except in New York, the number of DSL users surveyed is very different from the 

number of cable modem users surveyed. In San Jose, for example, there are two respondents 

using DSL for each respondent using a cable modem. Secondly, within each category of 

broadband subscribers (DSL vs. cable modem), the number of respondents from each MSA 

varies. For example, 102 DSL users from San Jose that participated in the survey, whereas in 

each of the other three MSAs, the number of DSL users ranges from 42 to 51. 

The impact of these two factors is most obviously reflected in the big difference between the 

percentage of cable modem users reporting Pacific Bell as their local telephone provider and the 

percentage of DSL users who also use Pacific Bell’s local telephone service (Figure 3-1). Cable 

modem users in San Jose only account for 14% of all the cable modem users that participated in 

the survey. Seventy-nine percent of them (the cable modem users in San Jose) reported Pacific 

Bell as their local telephone companyI2, and they only account for 11% of all the cable modem 

users in the sample. DSL users in San Jose, on the other hand, account for 41% of all DSL users 

surveyed. Thus, 41% of DSL users reported Pacific Bell as their local telephone company. 

’’ The rest of the cable modem users in San Jose use an altemative local telephone company. 
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3.3 DSL and Cable Modem Providers 

Most of the DSL subscribers get DSL lines from the four RBOCs. Among them, the majority 

also subscribe to ISP service from the same providers (Figures 3-4 and 3-5). The survey 

provides a good illustration of the dominance of the RBOCs in the DSL arena. The main 

competitive local exchange carriers (CLECs) represented in the survey are Covad 

Communications Group Inc. and NorthPoint Communications Group Inc. 

Although Excite@Home and RoadRunner are the two dominant players of cable modem service 

in the US, there are a few independent cable modem ISPs (Figure 3-3), including RCN Corp., the 

ISP Channel, High-speed Access Corp. (HSA), Charter Pipeline, and Adelphia Communications 

(not represented in the survey). Cablevision’s local franchise in Atlanta uses its own ISP service 

(Total-Web), even though Cablevision is an affiliate of the @Home service. Thus, Total-Web is 

also reported as an independent cable modem ISP in the survey. 

It is noteworthy that a traditional dial-up ISP may also serve as a cable modem ISP, although 

there are few of them. The companies that work with cable companies as cable modem ISPs in 

the four MSAs include Prodigy Inc., EarthLink Network Inc., Planetsoft Inc., Erols Internet (via 

RCN), etc. America Online (AOL) members can keep their AOL account but use a cable 

company for access.13 This is perhaps why 12 respondents who identified themselves as cable 

modem users reported AOL as their cable modem ISP. Although Parks Associates cannot rule 

out the possibility that some of these respondents may have mistakenly identified themselves as 

cable modem users, Parks Associates did not remove them from the sample. 

A small percent of cable modem users (6% of @Home users and 4% of Road Runner users 

surveyed) do not seem to recognize the cable modem ISP they are using. While answering the 

question on cable Internet service used, these respondents did not choose Excite@Home or Road 

l 3  Excite@Home affiliates launched a promotion called “You Get. You Keep. We Pay.” in 1999 that targeted AOL 
users. The promotion says that if an AOL user chooses to use a cable company’s @Home service to access hisiher 
AOL account, the cable company will pay AOL’s Bring-Your-Own-Access monthly charge of S9.95 for a certain 
period of time. 
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Runner. Instead, they checked “Other” and then specified “Other” as, say, Cox@Home or 

Mediaone. While compiling the data, however, Parks Associates put these respondents into the 

category of @Home or Road Runner users. So the number of @Home and Road Runner 

subscribers in Figure 3-3 already include these respondents. 

It is noteworthy that Speed Choice is a wireless cable modem service that uses multichannel 

multipoint distribution service (MMDS). Although Parks Associates did not intend to cover 

MMDS in this study, six Speed Choice subscribers in Phoenix participated in the survey. Parks 

Associates has chosen to keep them in the sample. 

3.4 lSPs Used Before Adopting Broadband 

Because broadband users adopted broadband services at different times and because the survey 

targeted just four MSAs, Figure 3-6 should not be read as a chart that reflects dial-up ISPs’ 

market share. However, the chart does indicate who the major players are. A larger percent of 

cable modem subscribers used to use AOL’s service, compared with DSL subscribers (25.8% vs. 

14.6%). Parks Associates believes that this is partially the RBOCs have been targetting their 

existing dial-up ISP customers for DSL services. Indeed, the survey indicates that more DSL 

users subscribed to the RBOCs’ dial-up services than cable modem users (13% vs. 7.9%). 

Almost 9% of the respondents did not specify a dial-up ISP. However, this does not necessarily 

mean that they did not use dial-up service before adopting broadband services. A separate 

question on online usage before adopting broadband services indicates that only 2.7 percent of 

the respondents did not use the Internet at home before adopting broadband (Figure 5- 1). 

3.5 Current Usage of Dial-up Accounts and Free Web- 
Based E-mail Accounts 

Nearly half of the cable modem users do not have a dial-up account, compared with 37.5% of 

DSL subscribers. This is partially because many DSL customers can get a free dial-up account if 
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they subscribe to both a DSL line and ISP service from the same p r ~ v i d e r . ' ~  Cable companies, 

on the other hand, mostly do not provide dial-up Internet service. However, things are changing 

rapidly. ExciteaHome has already started offering a free dial-up Internet service. Cable 

modem subscribers can also get free dial-up Internet from various independent ISPs, such as 

NetZero, lstup.com, freeweb.com, Bluelight.com, etc. As to free Web-based e-mail services, 

such as Hotmail and Yahoo!mail, more than 71% of the respondents use at least one of these 

services (Figure 3-8). There is no significant difference between DSL and cable modem users in 

terms of subscription to free e-mail services. 

l 4  Based on Parks Associates' interviews with various DSL providers. 
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Figure 3-5 
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4.0 Hardware, Installation, and Service Plans 

4.1 Importance of Hardware Brands 

Hardwareimodem brands do not appear to be an important issue to the respondents. First of all, 

32% of cable modem users and 14% of DSL users do not even know the brand of the high-speed 

modems they have been using (Figure 4-1). Secondly, 90% of the broadband users were not 

even given a choice about hardware when they signed up for broadband services (Figure 4-2). 

When interoperable high-speed modems become widely available at retail, consumers will be 

able to make their choices. When that happens, the importance of hardware brands will become 

more obvious. Such increase of importance, however, may be limited if high-speed modems are 

sold not as external stand-alone devices but as internal components of new PCs (the same way as 

virtually all dial-up modems are sold today). Preliminary results from a survey of 600 dial-up 

users indicate that 43% of the dial-up users do not even know the brand of the modem they use. 

4.2 Downstream Speed of Broadband Services 

Although the theoretical downstream speed of DSL or cable modems is very high (typically a 

few megabits per second or more), the actual speed is typically slower. Various factors affect the 

actual downstream speed. Examples include the distance between the DSL user and the telcos’ 

central office and the number of cable modem users sharing the same cable node. 

Parks Associates’ survey indicates that DSL users have a better idea of the actual speed they can 

get. Forty-four percent of the cable modem users cannot tell the typical downstream speed they 

get from their modems, compared with just 18% of DSL users (Figure 4-3). Parks Associates 

believes that this is partially because DSL provides a dedicated connection, which generally does 

not cause speed to fluctuate. Cable modem service, on the other hand, provides shared access, 

and end users can experience big variations of access speed. Another reason is that many DSL 
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providers offer a tiered service plan, charging different prices for different access speeds. Thus, 

DSL subscribers must select a particular service that is based on access speed, making it easier 

for them to recall the downstream speed they can actually get. 

Cable modem service, however, does seem to enjoy an advantage in access speed. Fourteen 

percent of the cable modem users reported a typical speed of 1.5 Mbps or more, compared with 

just 4% of DSL users. Parks Associates believes that because DSL services offering 1.5 Mbps 

or more typically cost more than $60 a month, most DSL subscribers have chosen a lower-priced 

(and hence lower-speed) service. Another viable reason is that DSL’s current distance limit 

makes it impossible for many subscribers to get more than 1.5 Mbps. 

4.3 Service Installation 

The survey indicates that modem installation and network configuration usually takes less than 

four hours. The average time spent on installation is 3 hours and 26 minutes (Figure 4-4). 

Overall, there is no significant difference between DSL and cable modem service in terms of 

installation time. 

More DSL users reported self-installation than cable modem users (34% vs. 14%). Most of the 

DSL users who self-installed services are in Phoenix (76.5%) and New York (40.5%). 

According to Parks Associates’ research, about 90% of U S West’s DSL customers have chosen 

a self-installation option; of those, 86% could complete the installation without requiring 

professional a~sistance.’~ This explains why 76.5% of the DSL respondents in Phoenix reported 

self-installation. As to New York, the relatively high-percentage of self-installed DSL service is 

attributed to Bell Atlantic’s introduction of a self-installation version of its DSL service in New 

York in June. Most of the other DSL providers have yet to make self-installable services widely 

available. Among the respondents whose broadband services were professionally installed, 

~ 

l 5  Interview with a U S West executive at the end of 1999. 
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more than half (52%) would be interested in a self-installation option if they were to subscribe to 

their broadband services today (Figure 4-6). 

4.4 Broadband Modems Leased vs. Purchased 

Thirty-six percent of the respondents were given the option of leasing their high-speed modems 

(Figure 4-2), and of those, 89% (or 32% of all the respondents) said that they lease their high- 

speed modems (Figure 4-7). Virtually all of them are cable modem users. Because few DSL 

providers have given their customers a lease option, only 2.9% of the DSL users reported leasing 

a modem, compared with 53% of cable modem users. 

Forty-three percent of the respondents did not indicate whether their high-speed modems were 

leased or purchased. Parks Associates believes that these respondents either failed to check the 

word “purchased” while filling out the survey online or got their modem free of charge. While 

answering the question on upfront costs of high-speed services, 3 1% of the respondents entered 

the number “zero” for modem (4.35 1)l6. 

4.5 Term Contract of Broadband Services 

Most of the cable modem users (84%) do not have a term contract for service, which contrasts 

with 54% of DSL users without a term contract (Figure 4-8). More DSL providers than cable 

modem ISPs require subscribers to make a choice between a month-to-month rate plan or a term- 

contract rate plan (with a lower monthly charge). Among those who have a term contract, most 

(87%) are obliged to keep their service for one year. 

l 6  Some of the respondents entered the number zero because they leased their modem or were charged a single 
amount for modem, installation, and service activation combined. For more information, see Section 4.6 on upfront 
expenses. 
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4.6 Pricing of Broadband Services 

Cable modem subscribers generally enjoy a lower monthly charge than DSL users (Figure 4-9). 

Two factors have contributed to a higher average price of DSL service. First, DSL users not 

only need to pay a monthly fee for a DSL line but also an ISP charge, which is often separate. 

Cable modem service involves just a single fee for both line access and ISP charge. Second, 

most DSL providers have a tiered service plan, charging different fees for different downstream 

speeds. For example, the RJ3OCs (except BellSouth, which has a single rate plan) charge $100 

or more for services that deliver downstream speeds in the megabit range. Cable companies, on 

the hand, generally do not offer tiered service plans with different rates. However, Parks 

Associates expects the gap to diminish. The m 0 C s  are lowering DSL service charges, and U S 

West even offers a dial-up version of its DSL service that costs only $19.95 per month 

(excluding ISP charge). 

DSL users also appear to pay more on up-front expenses than cable modem subscribers (Figure 

4-10). On average, DSL users paid an average of $199 on hardware, installation, and service 

activation. Cable modem subscribers, on the other hand, paid $17 1. However, Parks Associates 

believes that the difference will also diminish soon. DSL providers are lowering upfront charges 

with discounts and other types of promotions. In the end, the only upfront cost for DSL and 

cable modem services will perhaps be the cost of a high-speed modem that is sold at retail or 

comes with a new PC. Parks Associates expects to see comparable price tags for cable modems 

and DSL modems. 

It is noteworthy that in the data tab, zeros are included in the calculation of all the averages 

(Figure 4- 1 1). Figure 4- 10 only includes respondents who reported an expense greater than zero 

for a particular item. 

More DSL users (13.4%) than cable modem subscribers (5.6%) have their employers pay for 

their broadband services either completely or partially (Figure 4- 12). Parks Associates believes 

that this difference is due to two factors. One is that DSL is probably the preferred choice for 
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corporate telecommuters andor spillovers. One example is a deal between SBC 

Communications and IBM Corp. (announced in October 1999): SBC will provide 15,000 IBM 

telecommuters with remote access to IBM’s corporate network via DSL throughout SBC’s 

region. The second factor is that among the DSL users who reported complete employer 

coverage of DSL service charges, 57% are in San Jose, which accounts for 41% of all the 

respondents using DSL. 
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5.0 Online Usage Before and After Adoption of 
Broad band 

5.1 Years Online 

On average, the respondents had used the Internet at home for four years before adopting 

broadband (Figure 5-1). DSL users appear to have a longer history of using the Internet at home 

than cable modem users (four years and six months versus three years and 11 months). Only 

2.7% of the broadband users said that they did not use the Internet at home before subscribing to 

broadband services. However, it does not mean that they did not use the Internet somewhere else 

(at work, at school, etc.). It is Parks Associates’ belief that these early adopters all had 

substantial online experience before starting to use broadband services at home. 

On average, the respondents have been using broadband services at home for 10 months (Figure 

5-2). However, that number for cable modem users is 12 months, while DSL users have been 

using the service for an average of six months. This is due to the fact that in general, cable 

modem service has been available longer than DSL. 

5.2 Hours Online and Computer Usage 

Broadband services do get users hooked to the Internet for longer hours. Both DSL and cable 

modem users spend almost six hours more online per week because of the usage of broadband 

services. Their whole households have increased online usage by about 9 hours per week 

(Figure 5-3). Overall, broadband users now spend more than 20 hours online per week, while 

their whole households spend 30 hours or more online per week. 
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Broadband services provide instant-odconstant-on connections to the Internet. So how long do 

broadband users leave their computers on per day? Almost half (48%) leave on their computer 

(or the one directly connected to the Internet) 24 hours a day. Only 27% leave their computers 

on only when they are being used (Figure 5-4). Parks Associates believes that if a computer is 

always on with a constant Internet connection, it will enable various new services to the home, 

such as remote home control and remote access to data stored at a home computer. Broadband 

services will prompt more consumers to leave their computers on all day long and will become a 

driver to the deployment of new services for the home. 

5.3 Online Activities 

Other than e-mailing, the most frequent activities online include using search enginesidirectories, 

checkingitrading stocks, and banking online. The least frequent online activities are making 

Internet phone calls, accessing business computer network, and creatingiupdating personal Web 

pages (Figure 5-5).  Bandwidth-intensive activities, such as downloading/watching Internet 

video, are not quite frequent yet. However, Parks Associates believes that as more and better 

content becomes available, broadband users will spend more time on Internet-based 

entertainment activities. 

5.4 Who Else Uses the Internet at Home 

Close to half (45.2%) of the respondents reported spouses using the Internet at home (Figure 5- 

6). If we only look at those who have a spouse, the percentage becomes much higher at 8 1 % 

(Figure 5-7).  About two-thirds (66%) of the respondents with at least one child said that their 

children also use the Internet at home. 

The high percentage of spousesichildren using the Internet at home indicates that family 

members can play an important role in the decision-making process on acquiring broadband 

services. Indeed, 29% of the respondents considered family members’ requests for broadband 

services important to the decision to adopt broadband services (see Chapter Six). 
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6.0 Decision Making, Broadband Experience, and 
Preferences 

6.1 Awareness of Service Availability and Influence of 
Different Marketing Efforts 

DSL and cable modem providers have used many different approaches to create awareness of 

their broadband services. These techniques include direct mail, media advertising, referral, 

demos, and so on. However, these approaches have different levels of effectiveness. 

When compared with DSL users, a much larger percent of cable modem users learned about 

service availability through direct mail (41.6% vs. 33.4%), TV advertising (29.5% vs. 1 l%), and 

live demos (9.4% vs. 1.6%) (Figure 6-1). This indicates that cable companies have been more 

aggressive in their marketing efforts than the telcos. 

Forty percent of the DSL users learned about DSL availability through their own research. In 

fact, “own research” is reported as the number-one contributor to DSL users’ awareness of 

service availability, beating out such marketing campaigns as direct mail and media advertising. 

“Own research” is also the number-two contributor to cable modem subscribers’ awareness of 

service availability. This shows that the early adopters of broadband services take the initiative 

and have generally kept themselves abreast of high-tech products/services. 

When it comes to what is “very influential” to the respondents’ purchase decision, the top-three 

items to DSL users are their own research, referral, and direct mail. To cable modem users, the 

top three are the same, but the order is slightly different: own research, direct mail, and referral 

(Figure 6-2). The fourth most influential contributor to cable modem users is TV advertising 

(1 0.5%). 

56 



Broadband Access @ Home: Survey of Broadband Users in Four MSAs 
0 April 2000 Parks Associates 

The least influential marketing techniques to DSL users include live demo, email advertising, 

and magazine advertising. To cable modem users, however, the least influential are magazine 

advertising, radio advertising, and Web site advertising (Figure 6-2). 

6.2 Length of Decision Making 

It took most broadband users (79%) two months or less to decide to adopt broadband after they 

first learned about service availability (Figure 6-3). This indicates that the decision-making 

process is relatively fast. As to why-it took some broadband users three months or more to make 

a purchase decision, the most important reason is a perceived high price (60%). Most of the 

other reasons are related to the need to learn more about the broadband services. Only 4.7% 

reported security concerns as a reason (Figure 6-4). This indicates that few consumers are aware 

of a potential security problem: a constant Internet connection makes their computers and 

personal information vulnerable to hackers. 

6.3 Which Benefit of Broadband Services Is the Most 
Important? 

Not surprisingly, benefits related to speed are the most important to the purchase decision. High 

downstream speed and constant/instant connections to the Internet (related to speed) are more 

important than such benefits as freeing up phone lines, saving the cost of using a separate line for 

voice, or broadband content (Figure 6-5). Of course, all these benefits are important, as they are 

all mentioned by at least 50% of the broadband users as being important to the purchase 

decision. There are no significant differences between DSL users and cable modem subscribers 

in terms of the perceived importance of the benefits of using broadband services. 
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6.4 Importance of Family Member Requests and Business- 
Related Use to Purchase Decision 

As Figure 6-6 indicates, family members requesting broadband services do play a role in the 

household adoption of broadband services. Twenty-nine percent of the broadband users said that 

requests from family members played an “extremely important” or “somewhat important” role in 

the decision to adopt broadband services. There is no significant difference between DSL and 

cable modem users regarding the importance of family member requests. 

Business-related use is considered even more important than family member requests, as 42% of 

the DSL users and 34% of cable modem users reported business-related use as an important 

factor (Figure 6-7). The difference between the two groups of users confirms Parks Associates’ 

previous statement that more DSL users use a broadband connection for work-related purposes 

than cable modem users. 

6.5 Importance of Service Provider’s Reputation to 
Subscription of Broadband services 

It is no surprise that the reputation of service providers is considered very important to the 

subscribers of broadband services. Only 24% of the respondents consider it neutral or 

unimportant (Figure 6-8). However, the significance of the response to this question perhaps 

should not be overstated. The major providers of cable modem service (e.g., ExciteaHome and 

Road Runner) and some data CLECs (e.g., Covad, Northpoint, and Rhythms) are newly created 

organizations that have not been in business long enough to establish a strong reputation. Still, 

they have been able to sell their services to consumers. Parks Associates believes that the 

importance of service providers’ reputations will become more obvious when two or more 

competing broadband services are available in all major markets nationwide. Everything else 

being equal, a company with a better reputation has a better chance to win over customers. 
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6.6 Sat i sf act i on 

More than two-thirds of the respondents are satisfied with the broadband services to which they 

subscribe (rating 4 or 5 on a 5-point scale, with 5 meaning “very satisfied”). There is no 

meaningful difference between DSL users’ satisfaction and cable modem subscribers’ 

satisfaction (Figure 6-9). It is noteworthy that close to 10% are NOT satisfied (rating 1 or 2 on a 

5-point scale, with 1 meaning “very dissatisfied”). Perhaps because of this, 9.4% of cable 

modem subscribers and 2.9% of DSL users said that they would switch to a dial-up account 

using a 56K modem if that account is free (Figure 6-12). Parks Associates believes that these 

respondents indicated their intention to switch as a means to express their dissatisfaction. We 

don’t believe that there will be many broadband users who will switch back to a dial-up account 

once they have experienced the benefits of using broadband. 

6.7 What Broadband Users Dislike 

The things broadband users dislike include a high monthly fee, service outages, variance of 

speed, troubleshooting after installation, speed slower than expected, scheduling of professional 

installation, worries about hackinghecurity, changing ISP and email address, and paying for 

professional installation (Figure 6-1 0). 

Compared with DSL users, significantly more cable modem users dislike service outage (49.3% 

vs. 42.3%), variance of speed (43.9% vs. 34.6%), and speed slower than expected (29.5% vs. 

22%). Parks Associates believes that these numbers reflect differences in perceived 

performances of DSL and cable modem services. 

Broadband users are more intolerant of service outages than the high monthly fee that they have 

to pay (Figure 6-1 1). Fifty-four percent of the broadband users selected service outages as their 

top complaint, while a smaller number of respondents (42%) reported a high monthly fee as what 

they dislike the most. This shows the importance of service reliability to broadband users. As 
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illustrated in Chapter 3, more than a third of the broadband users surveyed do not have a separate 

dial-up account. Thus, service outage would deny them access to the Intemet. 

6.8 Awareness of Competing Services During the Decision- 
Making Process 

In the four MSAs Parks Associates selected for the survey, both DSL and cable modem services 

had been available for at least a few months at the time the survey was conducted. So were the 

respondents aware of alternative high-speed services when they signed up for the service they 

chose? It is no surprise that the number of DSL users aware of cable modem service is 

significantly higher (87%) than the number of cable modem users aware of DSL (62.3%) (Figure 

6-13). Cable modem service was commercially launched earlier than DSL, hence more market 

awareness. 

Forty-three percent of the DSL users aware of cable modem service reported its 

AVAILABILITY in their area when they signed for DSL. Among cable modem users aware of 

DSL, 32% said that DSL was actually AVAILABLE in their area when they signed up for cable 

modem service. Again, these numbers make sense because of cable modem’s lead in terms of 

commercial rollout. 

Although ISDN has been around for over a decade, more than 20% of the broadband users were 

not aware of it (Figure 6-14). This is perhaps because the telcos have not been aggressively 

marketing the service. As to two other major contenders for high-speed Intemet services 

(DirecPC and broadband fixed wireless), market awareness is very low. 

6.9 Why Not Subscribe to an Alternative Service? 

In total, 40% of all the DSL users surveyed were aware of the availability of cable modem 

service when they signed up for DSL. As to cable modem users surveyed, 26% knew of DSL’s 
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availability. So why did they NOT subscribe to the alternative broadband service? The number 

one reason for DSL users is that they don’t like their cable company, while the number one 

reason for cable modem users is their perception that cable modems are faster (Figures 6- 15 and 

6-16). Indeed, cable companies have generally lagged behind telcos in terms of reputation, and 

cable modems have been touted as “lightning fast” and part of a “cable Internet revolution,” 

hence creating the perception that cable modems are faster than other broadband platforms. 

When we look at the elements in Figures 6-15 and 6-16, it seems that DSL is perceived to be 

more desirable than cable modem service. This signals a strong waming to cable companies 

despite cable modem’s current lead over DSL. 

The two most obvious disadvantages of the current DirecPC service and most fixed wireless 

Intemet services are the need to have a dish or antenna for downstream data reception and the 

use of a phone modem for upstream signal transmission. Indeed, these two disadvantages are 

the two most important reasons why DSL or cable modem users did not sign up for DirecPC or 

broadband fixed wireless services (Figure 6- 17). However, things are expected to change 

rapidly, as Hughes Network Systems (provider of DirecPC) is launching a two-way broadband 

satellite system that is scheduled to go into operation in 2002, and broadband fixed wireless 

players are deploying two-way digital systems. Thus, satellite-based and terrestrial broadband 

wireless systems will soon gain a stronger competitive edge. 

6.10 Possible Churn and Preferred Providers of Bundled 
Services 

Because of all the hassle of setting up a broadband Internet service, industry players and market 

analysts generally believe that once consumers have signed up for DSL or cable modem service, 

they will not switch to an alternative platform. However, Parks Associates’ survey suggests that 

such a belief may be too simplistic. Figure 6-18 indicates that if the broadband users are given a 

good discount or offered more benefits for the same price, many of them may switch. Cable 

modem users expressed slightly stronger intentions to switch than DSL. Parks Associates 
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believes that with the availability of plug-and-play high-speed modems sold at retail, switching a 

broadband service provider may become almost as easy as switching a dial-up ISP. Therefore, 

broadband service providers need to consider how to prevent chum. 

The survey respondents suggested a strong intention to switch to a provider of bundled services 

(voice, video, and data) that can save $15 or more per month. All the major providers of 

communications services are attempting to become providers of bundled services. Who will 

likely be able to win over customers? Figure 6-20 indicates that DSL users are more interested 

in getting bundled services from a local telephone company (56.5% giving a rating of 4 or 5, 

with 5 meaning “extremely interested”). Only 19.5% of the DSL users showed interest in a cable 

company. Cable modem users, on the other hand, prefer a cable company (5 1.9% giving a rating 

of 4 or 5). However, 4 1.9% also showed interest in a local telco. Both groups expressed almost 

the same level of interest in AT&T (slightly more than 40%). Parks Associates believes that 

consumers’ current preference is just one indicator of who may win over customers as a provider 

of bundled services. There are some other factors that are also important, including the timing of 

service rollout, marketing strategies, reliability of service, etc. 

6.1 1 Tradeoffs 

Overall, broadband users prefer service plans charging a lower monthly fee, even if it means a 

higher upfront cost, a term contract, and slower downstream speed (Figure 6-19). However, the 

survey respondents expressed willingness to pay for guaranteed speed, giving a much higher 

rating to “guaranteed speed at $10 more per month” than “no guaranteed speed at $10 less per 

month” (3.1 versus 1.83 average rating on a 5-point scale, with 5 meaning “very attractive”). 

Parks Associates would like to caution the reader that the difference between the average rating 

of “lower upfront charge and higher monthly fee” (1.68) and that of “higher upfront charge and 

lower monthly fee” (2.07) is not very significant, compared with the respondents’ preferences on 

the other tradeoffs. This indicates that the attractiveness of either option is very similar overall. 
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6.12 Interest in Non-PC Internet Access Devices 

More and more companies are developing/introducing Web pads, which serve as portable 

devices dedicated to Intemet access at home. Not surprisingly, a Web pad is the number one 

non-PC device that broadband users want to use for Intemet access. Thirty-seven percent of the 

respondents expressed interest in using a Web pad (Figure 6-21). Smart kitchen appliances and 

screen phones did not fare very well. Only 17% and lo%, respectively, of the respondents 

showed some interest in these two types of non-PC Internet devices. 

It is interesting to note that a Web surfing device in a car is the number two non-PC device in 

which the respondents are interested (36.3%). These results indicate the appeal of a 

product/service that provides mobile access to the Internet and help explain why more broadband 

users are interested in using a mobile phone (28.5%) than a TV (22%) to access the Intemet. 
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7.0 Additional Phone Lines 

7.1 Usage of Additional Phone Lines Before and After 
Adopting Broadband 

More than half (53%) of the broadband subscribers currently have additional phone lines at home 

(Figure 7-1). However, 59% used to have a separate phone line dedicated for Internet access 

(Figure 7-2). This indicates that the adoption of broadband services has somewhat decreased the 

usage of additional phone lines. Among those who used to have a separate line for dial-up 

Internet access, 42% have already stopped using that line (Figure 7-3), leaving more than half 

who are still using that line today. The top-three reasons for keeping that line are faxing, dial-up 

access to the Internet in case of broadband service outage, and usage by someone else in the 

household. 

7.2 Will VoDSL or IP-Based Cable Telephony Take Off? 

Voice-over-DSL (VoDSL) and packet-switched cable telephony promise multiple virtual phone 

lines over a single access network. But do consumers really need extra lines? Are they willing 

to pay the regular price for each additional line? Findings from the survey suggest that VoDSL 

players and cable telephony providers should not be overly optimistic about selling additional 

lines to consumers: 

0 

0 

Nearly half (46%) indicated that they do not need any additional lines. 

The average monthly fee the broadband users (excluding those who responded with a zero) 

are willing to pay is only $9.90 per additional line. 

Another factor that may negatively impact consumer demand for additional phone lines at home 

is increased use of mobile phones. A small percent of mobile phone users have already stopped 

using their wireline phones at home. Parks Associates expects this number to increase steadily 
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due to continuously falling prices of mobile phone handsets and monthly usage fees. Thus, 

VoDSL may be a killer app in the business market, but there is no strong evidence to suggest that 

it will be a killer app in the consumer market as well. 
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8.0 Computers and Home Networking 

8.1 PC Ownership 

Parks Associates estimates that at the end of 1999, about 18% of ALL households had two or 

more computers at home. The percentage of broadband users with multiple PCs is much higher 

at 65.6%. Among them, 59% have three or more PCs at home (Figure 8-2). 

Most of the broadband uses have fairly new computers. Thirty-eight percent of the single-PC 

users acquired their computers in 1999 or at the beginning of 2000. As to the multi-PC users, 

52% bought their newest computer in 1999-2000 (Figure 8-2). Overall, 47% of the broadband 

users purchased a new computer in the 1999-2000 time frame. 

8.2 Characteristics of the PC Directly Connected to the 
Internet 

Forty-eight percent of the computers directly connected to the Internet have a powerful 

processor: Pentium I1 or I11 (Figure 8-5). Over two-thirds of them have a USB port (Figure 8-6). 

However, only 28% have a DVD drive. Most of them (73.5%) are located either in a 

formalhnfomal home office or in a bedroom (Figure 8-4). 

8.3 Broadband Users with a Computer Network 

A survey Parks Associates conducted in April 1999 suggests that almost 30% of the multi-PC 

households have a computer network. Naturally, a much higher percent (55%) of the broadband 

users reported having a computer network at home (Figure 8-7). 
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The applications used most frequently are shared Internet access (88%), file sharing/transfer 

(86%), and printer sharing (80%) (Figure 8-8). Although file sharing is used more often than 

printer sharing, the latter is considered more important than file transfedsharing (Figure 8-9). 

Despite all the attention given to “no-new-wires” home networking solutions (HomePNA, 

HomeRF, ect.), the traditional Ethernet is still the dominant computer network installed in 

residences (Figure 8- 10). However, Parks Associates does expect “no-new-wires” networking 

products to gain a larger share. 

Although a computer network is generally perceived to be hard to install, two-thirds (77%) of the 

broadband users with a computer network said that they installed the network themselves (Figure 

8-1 1). This is largely because the early adopters of broadband services are generally very 

technology-savvy. Will the percent of self-installed computer networks decrease in the hture as 

more average consumers adopt the concept of home networking? Parks Associates does not 

think so, and the main reason for this is the anticipated wide availability of the “no new wires” 

networking products that are much easier to install than the traditional Ethernet. 

Although more than half (60%) of the broadband users already had a computer network installed 

when they signed up for broadband services, 11% said that they obtained broadband and 

computer networking at the same time. This indicates that subscription to broadband services 

can be a good opportunity for the marketing of home networking products, as some 

venderdservice providers are already doing. 

8.4 Broadband Users Without a Computer Network 

Among the broadband users with multiple PCs but not a computer network, 35% feel a need for 

a network (Figure 8-13). DSL users appear to be more receptive to home networking, as 44% of 

them indicated a need for a computer network, compared with 3 1% of cable modem users. 
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To those who feel a need for a computer network, shared Internet access is the number one 

application (Figures 8-14 and 8-15). Nearly one-fourth (23%) of them are interested in ordering 

computer networking services from their broadband service provider. Again, this is another 

indication that broadband services and home networking can be marketed together. 

8.5 Interest in Certain Entertainment-Oriented Networking 
Applications 

About half of the respondents are interested in the capability of sending DVD signals, Internet 

video, or music from a PC to a TV or a stereo system (Figure 8-17). As the percent of home PCs 

equipped with a DVD drive is expected to increase and because broadband services will turn the 

Internet into a medium for multimedia entertainment, products that can network PCs with 

traditional entertainment devices would have a strong appeal. The challenge, of course, is to 

make such networking products easy to install and cost-effective. 

8.6 Number of Phone Jacks and Cable TV Outlets 

Phone jacks and cable TV outlets are significant to home networking because there are home 

networking solutions that require the use of existing telephone or cable TV wires in the home 

(e.g., HomePNA and Peracom Networks’ Avcast@). The broadband users’ homes have more 

telephone jacks/outlets than the national average: 5.1 vs. 3.417. As to cable TV outlets, the 

average for broadband users is 3. (The national average is not available, but Parks Associates 

estimates that it is smaller than 3). 

The number of telephone and cable TV outlets is typically related to the number of rooms in a 

residence. It is obvious that in virtually all residences, not every room has a phone or cable TV 

outlet. This puts a limitation to the networking solutions using existing telephone or cable TV 

” A national survey Parks Associates conducted in early 1999 indicates that the average number of telephone outlets 
in the US is 3.4. 
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9.0 Demographics 

Most of the broadband users are male and in the age group 30-49. More than half are married, 

but less than a third (32%) have children living with them. Close to two-thirds (63%) have at 

least a four-year college degree, and 32% earn an annual household income of $100,000 or more. 

Two-thirds (67.6%) of the broadband users perform some work-related tasks at home (Figure 9- 

7). If all household members are included, as many as 77% of the broadband households have at 

least one household member who performs some work-related tasks at home. This high 

percentage of work-at-home households partially explains why many of the survey respondents 

have adopted broadband services: a fast connection to the Internet can improve their efficiency 

while working at home. Indeed, 38% of the broadband users said that business-related use was 

important in their decision to get broadband services (Figure 6-7). 

It is noteworthy that a respondent may fit two or more work-at-home types. Thus, there is an 

overlap among the five work-at-home segments. The category “any work-at-home type” 

includes the overlap and is not the arithmetic sum of the numbers for the five work-at-home 

categories. 

Figure 9- 1 illustrates some key differences in demographics and technology adoption between 

broadband users and the average consumer. 
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Comparison Between Broadband Users 
and the Average Consumer 

~~~~ 

Broadband Users 1 National Average 

1 Medium household income $75,000-$99,999 I $38,88519 

1 Attained college degree or more 63% 24.4%20 

1 Have at least one work-at-homer in household 77% 42%21 

1 Own a home theater 32% 2 1 %22 

1 Own a fax machine 41% 1 1%23 

I Subscribe to a premium channel I 45% 35%24 

1 Use a mobile phone I 81% 5 1 %25 

~ Use a pager I 45% 37%26 

1 Have a DVD player I 24% 5 %27 

I Use a PDA 32% 5%28 

l 9  1998 data from US Census Bureau 
2o Ibid. 
2’ Based on several surveys Parks Associates conducted in 1998 and 1999 
22 January 2000 data from CEA 
23 Based on Parks Associates’ own consumer research 
24 Based on data from the FCC 
25 January 2000 data from CEA 
26 Ibid. 
2’ Ibid. 
28 Based on Parks Associates’ own consumer research 
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10.0 Survey of Dial-up Users in the Four MSAs 

As mentioned in Chapter 3, the unqualified dial-up users who participated in the survey filled out 

a much shorter questionnaire that contains several questions related to awareness of broadband 

services and intentions of modedservice upgrades.*’ 

Sixty-nine percent of these dial-up subscribers use a 56K modem (Figure 10-l), indicating that 

most of the Intemet users bought a computer in the 1997-2000 time frame, as 56K modems did 

not become widely available until 1997. Although a 56K modem is the fastest among the analog 

dial-up modems, 37% of the 56K modem users intend to upgrade to a faster modem (compared 

with 38% of ALL dial-up users, as shown in Figure 10-2). 

Despite broadband service providers’ advertising and telemarketing efforts, more than a quarter 

(28%) have never heard of cable modem, DSL, or DirecPC (Figure 10). Perhaps due to cable 

modem service’s current lead, more dial-up users are aware of cable modem than DSL (58% 

versus 50%). Only 37% are aware of both. 

Even though cable modem service enjoys better market awareness, the dial-up users intending to 

upgrade their modem seem to like DSL better. As indicated in Figure 10-4, 34% picked DSL, 

compared with 25% that chose cable modem service. If we only look at the dial-up users aware 

of both DSL and cable modem, then consumers’ preference becomes even more obvious: 42% of 

such dial-up users prefer DSL, compared with just 26% favoring cable modem service (Figure 

10-9). Parks Associates believes that cable operators’ past record for poor customer service is 

still hurting them. As discussed in Chapter 6,41% of DSL users who were aware of cable 

modem availability while signing up for DSL said that they did not choose cable modem service 

because they don’t like their cable company (Figure 6-15). It appears that cable operators need 

29 A separate, nationwide, and in-depth survey of dial-up users will be provided as the second component of Parks 
Associates’ Broadband Access @ Home study. 

126 



Broadband Access @ Home: Survey of Broadband Users in Four MSAs 
0 April 2000 Parks Associates 

to make extra marketing efforts in order to win over broadband subscribers when they face direct 

competition from DSL. 

There are some interesting differences among the four MSAs selected for the survey. For 

example, a much higher percentage of dial-up users in San Jose prefer DSL in comparison with 

the respondents from the other three MSAs. In addition, respondents in New York and Phoenix 

appear to have no clear preference between the two competing services (Figures 10-8 and 10- 

10). 

There are some demographic differences between those who prefer DSL and the respondents 

favoring cable modem service. Younger dial-up users (ages 18-39) appear to be slightly more 

receptive to cable modem service than DSL in comparison with older consumers. As Figure 10- 

11 indicates, 55.7% of the respondents intending to subscribe to cable modem service are 

between 18 and 39 years old, whereas 49.5% of the respondents favoring DSL belong to the 

same age group. However, those who prefer DSL tend to be better educated and earn a higher 

household income. Figure 10-12 indicates that 63.3% of the respondents favoring DSL have a 

college degree or a higher level of education, compared with 55.6% of those favoring cable 

modem service. Similarly, 39.6% of the respondents favoring DSL earn $100K or more per 

year, compared with 30.9% of those favoring cable modem service that belong to the same 

income category. The demographic characteristics of the broadband users (Figures 9-5 and 9-6) 

demonstrate the same pattern. This suggests that DSL’s potential customer base is slightly more 

attractive. 
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1 I .O Conclusions 

11 .I .I What Drives the Adoption of Broadband? 

The current subscribers of broadband services are clearly early adopters. Although early 

adopters generally have different buying behaviors from the average consumer, the drivers to 

their adoption of broadband services can nonetheless help understand how and when the mass 

market will develop. 

Hiph Sueed 

Any purchase decision starts from a perceived need that can be met through the purchase of a 

product or service. The most important benefit of broadband services that has met the need of 

current broadband users is high-speed. The need for speed is clearly related to the usage of the 

Internet. The more the Internet is used, the stronger the need for high speed becomes. 

Broadband subscribers have a high reliance on the Intemet, as reflected by the following: 

0 Broadband households spent an average of more than 20 hours online per week before 

adopting broadband, compared with 15 hours3' on average among all online households in 

the US. 

Seventy-seven percent of the broadband households have at least one household member that 

performs some work-related tasks at home, compared with 42% for all households in the 

nation. 

Fifty-one percent access business computer networks at home, versus 3 1% of the dial-up 

users3 

0 

0 

It is easy to see that the broadband users have much stronger need for high speed compared with 

the average consumer. However, as the usage of the Intemet continues to increase, the 

30 Source: cyberatlas.intemet.com 
3 1  Based on a nationwide survey of 600 dial-up users that Parks Associates has just completed. 
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difference between the early adopters of broadband services and the average consumer regarding 

the need for high speed will gradually diminish. 

Other Benefits of Broadband Services 

The other benefits of broadband services (e.g., freeing up phone line, saving the cost of using an 

additional phone line for Internet access, and broadband content), though not as important as 

high speed, are still cited by more than 50% of the broadband users as being important to the 

purchase decision. This suggests that at least 50% of the broadband users adopted DSL or cable 

modem service partially because of these additional benefits. Parks Associates believes that as 

the average consumer is less likely to have additional phone lines at home and eam a lower 

income than the current broadband subscribers, the importance of these “other” benefits of 

broadband services will be more significant during the mass-market adoption of broadband 

services. 

Awareness of Service Availability 

Once consumers determine that they have a need that can be met through the purchase of a 

product/service, they will move to the next step: decide what to buy. Clearly, consumers will not 

buy a particular product or service of which they are not aware. Thus, creating market awareness 

of the availability of broadband services is critical. 

The current broadband subscribers are very different from the average consumer. Many of them 

did not become aware of the availability of broadband services through service providers’ 

marketing efforts but through their own research, as discussed in Section 6.1. These early 

adopters of broadband services are well educated and have generally kept themselves abreast of 

high-tech products/services. However, service providers should not count on the average 

consumer’s “own research.” Instead, more marketing efforts should be made to create awareness 

of broadband services. The fact that 29% of the dial-up users in the four MSAs selected for the 

survey are not even aware of the availability of cable modem service or DSL suggests that 

broadband service providers need to do a better job in marketing. 
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11 .I .2 What Are the Inhibitors to the Adoption of Broadband? 

The most important inhibitor, based on what the broadband subscribers dislike about broadband 

services, is a high monthly fee. The early adopters of broadband services generally earn a high 

income and are not as price-sensitive as the average consumer. If 42% of the broadband users 

cite a high monthly fee as what they dislike most, it is easy to image how the average consumer 

will react when he/she sees a high price tag of broadband services. The problem created by a 

high monthly fee will become even more serious when more consumers take advantage of free 

ISP services. 

However, the current pricing level of broadband services is perhaps still acceptable to dial-up 

users that pay a regular monthly fee for dial-up service AND an additional phone line dedicated 

to Internet access. Parks Associates’ survey of 600 dial-up users nationwide (to be discussed in a 

separate report) indicates that 30% of them pay a monthly fee of more than $20 or more AND 

use a separate phone line for Internet access. The challenge to broadbmd service providers is to 

communicate the benefit of “freeing up the phone line” to the target dial-up users. 

Two other major inhibitors are the hassle of scheduling professional installation and the cost of 

paying for professional installation. Parks Associates believes that these two inhibitors will 

become non-issues when self-installable and interoperable high-speed modems are available at 

retail. 
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Figure 11-1 

11 .I .3 Cable Modem vs. DSL: Who Will Win? 

Cable modem service and DSL are the two major contenders in the broadband consumer 

marketplace. Currently, cable modem service still enjoys a substantial lead over DSL mainly 

due to the fact that commercial cable modem service was launched much earlier than DSL. 

However, this lead is in jeopardy because the telcos are aggressively deploying DSL, and 

consumers appear to prefer telephone companies as service providers when they have a choice. 

Figure 11-1 summarizes some key findings related to the competition between the two services. 

However, the comparisons made in Figure 11-1 do not necessarily mean that DSL will achieve a 

significantly dominant position in the consumer broadband market. Service providers’ actual 

performance in the marketplace is not just a function of the variables included in Figure 11-1 but 

also a reflection of many other factors, including aggressiveness of marketing, pricing strategies, 
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bundling of services, service provider consolidation, etc. In addition, cable companies have been 

making impressive efforts to address what appears to have been hurting them most: poor 

reputation. Thus, there is no guarantee that the telcos will enjoy a sustained advantage over 

cable companies based solely on reputation. Japanese-made products used to suffer a bad 

reputation for poor quality. But it did not take Japanese manufacturers long to reverse 

consumers’ perception of their products. The cable industry may be able to do the same thing. 

Overall, Parks Associates believes that the market for broadband services is big enough for both 

DSL and cable modem service to co-exist. They are really comparable services, and both will 

be winners. It will be hard for either one of them to maintain a significantly dominant position. 
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Note 
While signing up for broadband services, 83% of DSL users were aware of cable modem service, 
but only 62% of cable modem users were aware of DSL. 
Among the dial-up users: 58% are aware of cable modem, vs. 50% aware of DSL. 
However, cable modem’s advantage may soon disappear as DSL service is more widely available. 
Overall, there is no difference between DSL users and cable modem users regarding their 
satisfaction with services. 

0 Upfront expenses and monthly charge for cable modem service currently are lower than those for 
DSL. However, DSL providers have been lowering prices, and Parks Associates expects pricing 
differences to diminish soon. 
Among the broadband users aware of the availability of both services while signing up for services, 
5 1 % of the cable modem users said that they did not pick DSL because cable modem is faster, and 
only 37% of the DSL users said that DSL is faster. 
However, the advantage that cable modem service enjoys may not be very significant because the 
speed difference is not very big. In addition, slight differences of downstream speed may not play 
an important role in decision-making. 
Among the broadband users aware of the availability of both services while signing up for services, 
41% of DSL users said that they did not pick cable modem service because they don’t like their 
cable company, but only 24% of the cable modem users said the same thing about their local 
teleDhone comDanv. 

0 

0 More cable modem users expressed likelihood to switch to an alternative service if certain 
discounts were offered. For example, 20% of the cable modem users said they would switch if 
they could get similar speed and save $10 a month, compared with just 13% of DSL users who 
expressed such likelihood to switch. 
More DSL users earn a household income of at least $100K and hold college/graduate degrees than 
cable modem users do. Among the dial-up users surveyed, the same difference exists between 

0 

those who favor DSL and those who cable modem service. 
Figure 1 1-2 
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1. INTRODUCTION 

1.01 This section provides repeater spacing design 
philosophy and digital line pair selection rules 

for any subscriber loop carrier system' employing 
digital transmission at  the T1 bit rate (1.344 Mbits 
per second). The design philosophy, pair selection 
rules, and step-by-step procedures covered in this 
section are intended for the engineer of outside 
plant and provide the base for data input requirements 
of the Digital Line Engineering Program (DILEP). 
This compute r  p rogram is t o  be  used  when 
determining or checking repeater spacing along a 
digital line. (Refer to Section 902-200-115.) 

' An example of such a carrier system is the Subscriber Loop 
!Jultiplexer (SLW System that IS described in Section 902.217-100. 

2.01 Digital transmission a t  the  T1  bit r a t e  
requires repeaters that regenerate pulses in 

the bit stream. The spacing of these repeaters is 
governed by the insertion loss and the interpair 
crosstalk coupling loss of the cable, which in turn 
are influenced by the electrical characteristics and 
temperature of the cable. Consequently, designing 
digital line carrier systems into exchange routes 
requires detailed analysis of existing cable plant, 
including the determination of core layups of all 
cables, an accurate prediction of the ult imate 
number of carrier systems to be assigned in the 
rou te ,  and  selection of economical power ing  
arrangements. 

2.02 The determination of the ultimate number 
of carrier systems and their deployment, 

gu ide l ines  f o r  power ing  t h e  r e p e a t e r s ,  a n d  
implementation and administrative procedures are 
covered in other engineering sections specifically 
related to each system. For example, sys tem 
deployment, repeater powering, and implementation 
procedures for the SLM System are discussed in 
Sections 902-217-110, -125, and -130, respectively. 

2.03 This section covers the detailed analysis of 
existing plant to determine repeater spacing, 

assuming the ultimate number of systems, the cable 
path for the digital line, and the location of the 
remote terminals have been determined previously. 

2.04 Subscriber loop carrier systems differ from 
T1 carrier in two principal respects: 

(1) Subscriber carrier systems will generally find 
application in much more complex exchange 

cable plant (involving frequent cable taper points, 

E American Telephone and Telegraph Company. 1974 
Printed in U.S.A. Page 1 



SECTION 942-200-1 10 

gauge changes, and small pair sized cables) than 
in trunk or toll routes. 

(2) It is anticipated that seldom will more than 
ten  subscriber carrier systems be employed 

in a single route, while the inverse is true with 
T1 carrier trunk route applications. 

2.05 These differences affect the relative importance 
of interpair crosstalk coupling loss for the 

two types of carrier systems as well as the relative 
difficulty of selecting the most suitable cable pairs 
for digital transmission. Consequently, the technique 
presented in this section for selecting the most 
suitable cable pairs always should be used when 
designing digital lines for subscriber loop carrier 
systems. 

2.06 If subscriber loop carrier system are proposed 
in a cable sheath that contains existing T1 

carrier systems, the repeaters for the proposed 
systems must be located a t  the existing T1 repeater 
sites to avoid intsrsystem farend crosstalk (FEXT) 
interference. 

2.07 Any number of analog subscriber carrier 
systems with an upper frequency below 

150 kHz is compatible with up to five digital lines 
(including spare digital lines) in the same 8-, 9-, 
11-, 12-, 13-, 16, 17-, 2.5, and 50-pair units of PIC 
cable or in the same 11-, 16-, and 25-pair PIC 
cables. For adjacent or nonadjacent units in PIC 
cable and all cases in pulp-insulated conductor 
cable, there are no interference constraints, and 
standard system engineering rules apply. 

3. DESIGN PHILOSOPHY 

3.01 There a r e  two basic digital line design 
philosophies. One philosophy is to locate 

repeaters a t  all existing loading coil sites, and if 
needed supplement with intermediate repeaters in 
those sections where either excessive loss o r  
excessive crosstalk prevents spanning the length 
with a single repeater. The other design philosophy 
is to maximize the length of all repeater sections. 
In this design method, each repeater section length 
is based on the maximum insertion loss and crosstalk 
limitations of the cables included in the repeater 
section. No attempt is made to position repeater 
sites a t  existing loading coil locations. 

3.02 Each design philosophy or combination of 
the two may have merit in specific instances. 

Locating repeaters a t  existing loading coil sites 
reduces the number of sheath openings if the same 
opening can be used. Alternatively, when repeater 
point costs are relatively high, the additional savings 
accrued from maximizing all of the repeater section 
lengths more than balances the higher construction 
costs. ., 

3.03 Conditions that generally justify locating 
repeaters at  existing loading coil sites are: 

(1) When only one o r  two digital lines will be 
ultimately required. 

(2) When the number of repeaters per digital --. 
line is only one or two greater than the 

number required, using the masimum spacing 
philosophy. 

(3) When no additional monies would be required 
for powering (only relevant when systems 

such  as SLM, which rely on  remote  power  
installations, are anticipated). 

3.04 When locating repeaters on the digital line 
path, the cable insertion loss between repeaters 

must be low enough to ensure that the fa r  repeaters 
can discriminate between signals and noise. The 
following three factors limit the permissible insertion 
loss of a repeater section: 

(1) The repeater can automatically ad jus t  to 
insertion losses between 9.2 and 35.0 dB a t  

772 kHz. The 35.0-dB upper limit is reduced 
by 1.5 dB to allow for manufacturing variations 
in cable loss characteristics, thus limiting it to 
33.5 dB. This upper limit may be f u r t h e r  
reduced by crosstalk influences as  discussed in 
3.04(2) and (3). 

(2) Crosstalk coupling loss between the send 
and receive digital pairs is another influence. 

The lower the crosstalk coupling loss, the more 
the digital signal will be influenced by crosstalk. 

(3) The number of digital lines in the  same  
sheath is still another influence. ?Jore lines 

produce more crosstalk energy. 

3.05 In addition to  the preceding transmission 
considerations, repeaters must be located a t  

sites physically and aesthetically acceptable. They 
should be located away from interstate highw?ay 
rights-of-way, areas that flood, or any location that 
has limited accessibility. 
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3.06 Repeaters on other systems in the same 
cable sheath must be located a t  the same 

repeater points to minimize crosstalk even if the 
repeaters are installed in different apparatus cases. 
Remote terminals (RTs) contain digital repeaters 
and must be considered regular repeater points. 

ROUTE JUNCTIONS 

3.07 There are two types of route junctions that 
must be considered in the design of the 

digital line. One type of route junction is formed 
when lines from two or more systems enter the 
same cable sheath. This type of junction can occur 
when separate subscriber carrier systems are used 
to serve two branches in a cable network, a s  
illustrated in Fig. 1. 

TO 
co 

TO RT 
SYSTEM 
NO 2 

TO RT 
SYSTEM 
NO I 

Fig. 1-Route Junction-More Than One System 

3.08 The other type of route junction is formed 
when a single system capable of serving 

more than one terminal (such as  SLlI )  IS used to 
se r t e  two or more branches of a feeder route. 
A n  example of this type of junction is shown in 
Fig 2 NOTE THAT WHEN A DIGITAL LINE 
IS LOOPED OUT XSD BACK O S  A FEEDER 
BRhSCH. AS IS REQUIRED WITH THIS TYPE 
OF JUSCTIOS, THE FEEDER BR-LYCH REQUIRES 
TWICE THE NORMAL NUMEER OF DIGITAL 
LISE PAIRS AXD REPEATERS. 

TO R T I  
SLY M T E M  
NO. I 

TO RTP 
SLM M T E Y  
NO. I 

Fig. 2-Route Junction-Single System 

3.09 A repeater site must be engineered a t  all 
junctions. If a junction also is to be an RT 

site and the RT is to be located a short distance 
away in a branch leg (for physical o r  aesthetic 
reasons), the required length of suitable size cable 
should be installed and the RT padded to ensure 
meeting the minimum loss requirement of 9.2 dB. 

INSERTION LOSS LIMITATIONS 

3.10 The cable insertion loss limit for the first 
repeater section is less than the limit for 

all other repeater sections because of central office 
(CO) noise. The following insertion loss limitations 
in dB a t  772 kHz apply to digital line repeater 
spacing using T1 frequencies: 

CO TO FIRST REPEATER SECTION ALL OTHER REPEATER SECTIONS 

Minimum Loss Maximum Loss Minimum Loss Maximum Loss 

9.2 dB 23.0 dB 9.2 dE3 33.5 dB 
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\ 

3.11 Insertion ioss factors (at 772 kHz and SF), 
together with their temperature coefficients 

in dB per kilofoot for several of the more common 
pulpinsulated conductor and PIC cables are given 
in Table A. 

TABLE A 

CABLE LOSSES AT 772 kHr 

I 
MUTUAL 
CAPAC. 

nFlMlLE 
CABLE TYPE AT 900 Hz 

17 AHC 
17 ANC 
19 AHB 
19 ANB, DNB, 

Gh'B 
1 9  BHB 
19 BNB, CNB, 

ENB, FNB 
19 ADB 
19 AJB 
20 XHD 
20 AND 
22 ADA 
22 AHA, BHA 
22 AJA 
22 BSA, CSA, 

DSA, ESA 
22 ASF (24 
EQUIV) 

24 ADM 
24 AKM 
24 ASM, BSM 
24 BKM 
24 CSM, ESM 
24 DSM, FSM 
24 AJM 
26 ADT, DST 
26 AKT 
26 AST 
26 CST 
26 BST 
26 BKT 
26 AJT 

COMPOSITE CABLES 

19 CAB 
22 CAA 
24 CAM 
26 CAT 

I 
83 

1 83 
1 83 

I 66 ' :: 
83 
83 
83 
82 
83 
83 
83 
83 

84 

83 
83 
72 
83 
72 
84 
83 
83 
83 
69 
69 
79 
83 
83 

83 
83 
83 
83 

ENGR 
. O S  AT 
i 5 O F  IN 
d81Kft  

3.18 
3.80 
3.18 
3.00 

3.18 
3.80 

3.80 
2.54 
4.39 
5.10 
5.10 
4.39 
3.67 
5.10 

6.80 

6.80 
5.60 
5.90 
5.58 
5.85 
6.80 
4.65 
8.17 
7.50 
6.80 
6.73 
7.70 
7.48 
5.90 

3.80 
5.10 
6.80 
8-17 

TEMP 
:OEFFEC. 
FOR 10°F 
STEPS I N  

dB/Kft 

0.030 
0.028 
0.030 
0.025 

0.030 
0.028 

0.028 
0.018 
0.043 
0.047 
0.047 
0.043 
0.035 
0.047 

0.066 

0.066 
0.033 
0.057 
0.033 
0.057 
0.066 
0.046 
0.096 
0.041 
0.066 
0.081 
0.093 
0.041 
0.057 

0.028 
0.047 
0.066 
0.096 

3.12 In DILEP these losses are adjusted within 
the program to reflect the maximum expected 

temperature and humidity conditions based on the 
cable environment, ie, aerial or below ground. For 
example, the losses are adjusted to reflect maximum 
temperatures for aerial and below-ground cables 
of 140' and 100'F, respectively. In addition, aerial 
and below-ground PIC cable losses are increased 
an additional 2 and 6 percent, respectively, to allow 
for some transmission degradation due to moisture. 
No allowance is included in DILEP for any moisture 
in pulpinsulated conductor cable, since any significant 
moisture would cause them to be inoperative. 

3.13 Insertion loss factors for less common types 
of cable can be obtained from the appropriate 

section in the 626-769 layer of the Bell System 
Practices. It can be assumed that exchange grade 
(83 nF/mile) composite cables have loss characteristics 
comparable to the single gauge pulp-insulated cables 
having the same capacitance (CSB, DSA, DSM, 
and DST). Composite cables are specifically 
coded CAB, CAA, CAM, and CAT for IS, 22-, 
24, and 26gauge, respectiveIy. 

3.14 In nearly all instances, the standard insertion 
losses a t  the predetermined temperature 

and moisture levels specified in 3.12 will satisfy 
the input requirements of DILEP. However, in 
some cases, ie, very hot or arid climates, more 
realistic fac tors  may be warranted. In these  
situations, the factors may be adjusted using the 
temperature coefficients in Table A, and by adjusting 
the percent correction for moisture content. See 
5.28( I )  for procedures to use to input resulting 
maximum expected insertion loss in dB per kilofoot. 

. 

4. CROSSTALK CONSIDERATIONS 

4.01 Crosstalk is a function o f  

(a) The number of subscriber carrier systems 
in the same sheath 

(b) The relative position of the transmit and 
receive pairs of the systems in a single cable 

sheath. 

4.02 Subscriber carrier should be applied in a 
single cable sheath of the route only. Even 

though NEXT may be virtually eliminated and 
repeater spacings increased in twin (two cables, 
one apparatus case for both directions of transmission) 

Page 4 



ISS 1, SECTION 902-200-110 

cable sheath routes by assigning transmit and receive 
pairs in separate cable sheaths.  this design is 
discouraged for three reasons. 

(1) Cable splicing is complicated a t  repeater 
points and at  RTs. 

(2) Gauge of  future cable additions may be 
unnecessarily dictated by these repeater 

locations. 

(3) Future cable removal options in the fine 
gauge area may be limited. 

Separate repeater apparatus cases for each direction 
of transmission cannot be used with SLM. 

4.03 Nonstaggered twist cable is not suitable 
for din'tal line subscriber carrier systems 

and is not to be used for any part of the digital 
line. Low capacitance, waterproof, reclaimed, and 
aluminum cables can be used. 

4.04 It is very important to space repeaters 
initially for the maximum number of 

systems that will ultimately be applied in the 
route. Crosstalk problems may result  if the  
number of systems exceeds the number for which 
the original repeater spacing was designed. 

CROSSTALK-PRONE ZONE 

4.05 A l m o s t  a l l  N E X T  o c c u r s  wi th in  t h e  
crosstalk-prone length of cable adjacent to 

both the send and receive repeaters (see Fig. 3). 
This length is equivalent to 3 dB (at 7 7 2  kHz) of 
cable insertion loss and is therefore a function of 
cable gauge as follows: 

CROSSTALK.PR ONE ZONE 
(83 nF/mile Cable) 

DISTANCE IN FEET 
GAUGE PIC PULP 

19 1000 8 00 
22 7 0 0  600 
2 4  5 5 0  45 0 
26  4 0 0  375 

I CRCSSTALK I I CROSSTALK I 

iy z o N E ~  D I G I T A L  rrtF 'ONE 
L l U E  AT 
772 KHZ 

4.06 A mechanized design program for locating 
the line repeaters on a subscriber carrier 

system is essential due to the design complexity 
resulting from the following factors that  affect 
the maximum repeater spacing: 

(a) Insertion loss of the cable employed 

(b) Physical pair separation achieved in each of 
the cable sections employed in the total 

digital path 

U l t i m a t e  n u m b e r  of  c a r r i e r  s y s t e m s  
contemplated 

Crosstalk influences are only relevant within 
a 3-dB zone on either side of each repeater. 

DILEP provides this mechanized design 
assistance; therefore, the remainder of this 

section supplies the procedures for selecting suitable 
pairs for digital lines, obtaining basic input data, 
and using DILEP. 

5. DESIGN PROCEDURES 

5.01 The  following s tep-by-s tep  p rocedures  
illustrated by the flowchart (Fig. 4) provide 

an  order ly  approach  fo r  ob ta in ing  t h e  input  
informaticn necessary for DILEP. 

STEP I 
P W W W  SCHEMATIC 

STEP 2 
INDICATE CABLE LAYUPS ON SCHEMATIC 

STEP 3 
LCHIEVE YulYUY PAIR SEPMATION 1.17 

a f IND STARTING W l N T  1.18 
a SELECT PAIRS TOWARDS CO 1.19 
a PAIR SELECTION IN  SMALL CABLES 1 .20 

1 

1 

STEP 4 
RECORD SELECTED P A I R S  ON SCHEMATIC 

1.22 

STEP 1 
PREPARE ROUTE DATA SHEET 

1 . 2 4  

Fig. 3-Crosstalk-Prone Zone Fig. W l o w c h a r t  
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3.11 Insertion loss factors (at 772 kHz and 56F), 
together with their temperature coefficients 

in dB per kilofoot for several of the more common 
pulp-insulated conductor and PIC cables are given 
in Table A. 

TABLE A 

CABLE LOSSES AT 772 kHz 

I 
MUTUAL 
CAPAC. 

nF/MILE 
CABLE TYPE AT 900 Hz 

17 AHC 
17 ANC 
19 AHB 
19 ANB, DNB, 

GNB 
1 9  BHB 
19 BNB, CNB, 

ENB, FNB 
19 ADB 
19 AJB 
20 AHD 
20 AND 
22 ADA 
22 AHA, BHA 
22 M A  
22 BSA, CSA, 

DSA, ESA 
22 ASF (24 

EQ UIV) 
24 ADM 
24 AKM 
24 ASM, BSM 
24 BKM 
24 CSM, ESM 
24 DSM, FSM 
24 AJM 
26 ADT, DST 
26 AKT 
26 AST 
26 CST 
26 BST 
26 BKT 
26 AJT 

COMPOSITE CABLES 

1 9  CAB 
22 CAA 
24 CAM 
26 CAT 

83 
83 
83  
66 

83  
84 

83  
83 
83  
82 
83 
83 
83 
83 

84 

83 
83  
52 
83 
72 
84 
83  
8 3  
83 
69 
69 
79 
83 
83  

83  
83  
8 3  
83  

- 
ENGR 
O S  AT 
6 O F  I N  
dBlKft 

3.18 
3.80 
3.18 
3.00 

3.18 
3.80 

3.80 
2.54 
4.39 
5.10 
5.10 
4.39 
3.67 
5.10 

6.80 

6.80 
5.60 
5.90 
5.58 
5.85 
6.80 
4.65 
8.17 
7.50 
6.80 
6.79 
7.70 
7.48 
5.90 

3.80 
5.10 
6.80 
8.17 - 

TEMP 
:OEFFEC. 
=OR 10°F 
STEPS I N  

dB/Kh 

0.030 
0.028 
0.030 
0.025 

0.030 
0.028 

0.028 
0.018 
0.043 
0.047 
0.047 
0.043 
0.035 
0.047 

0.066 

0.066 
0.033 
0.057 
0.033 
0.057 
0.066 
0.046 
0.096 
0.041 
0.066 
0. 08 1 
0.093 
0.04 1 
0.057 

0.028 
0.047 
0.066 
0.096 

3.12 In DILEP these losses are adjusted within 

temperature and humidity conditions based on the 
cable environment, ie, aerial or below ground. For 
example, the losses are adjusted to reflect maximum 
temperatures for aerial and below-ground cables 
of 140' and 100'F, respectively. I n  addition, aerial 
and below-ground PIC cable losses are increased 
an additional 2 and 6 percent, respectively, to allow 
for some transmission degradation due to moisture. 
No allowance is included in DILEP for any moisture 
in pulpinsulated conductor cable, since any significant 
moisture would cause them to be inoperative. 

3.13 Insertion loss factors for less common types 
of cable can be obtained from the appropriate 

section in the 626-759 layer of the Bell System 
Practices. It can be assumed that exchange grade 
(83 nF/mile) composite cables have loss characteristics 
comparable to the single gauge pulpinsulated cables 
having the same capacitance (CNB, DSA, D S K  
and DST). Composite cables are specifically 
coded CAB, CAA, CAM, and CAT for IS, 22-, 
24-, and 26gauge, respectively. 

3.14 In nearly all instances, the standard insertion 
losses a t  the  predetermined temperature 

and moisture levels specified in 3.12 will satisfy 
the input requirements of DILEP. However, in 
some cases, ie, very hot or arid climates, more 
realistic factors may be warranted. In these  
situations, the factors may be adjusted using the 
temperature coefficients in Table A, and by adjusting 
the percent correction for moisture content. See 
5.28( I )  for procedures to use to input resulting 
maximum expected insertion loss in dB per kilofoot. 

the program to reflect the maximum expected \ 

4. CROSSTALK CONSIDERATIONS 

4.01 Crosstalk is a function o f  

(a) The number of subscriber carrier systems 
in the same sheath 

(b) The relative position of the transmit and 
receive pairs of the systems in a single cable 

sheath. 

4.02 Subscriber carrier should be applied in a 
single cable sheath of the route only. Even 

though NEXT may be virtually eliminated and 
repeater spacings increased in twin (two cables, 
one apparatus case for both directions of transmission) 

Page 4 
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Step I -Schemat i c  

5.02 Prepare a schematic (Fig. 5) of the route 
showing the following information: 

(a) Cable code, eg, BKM. (Show 3- or 4-letter 
code. The four th  le t te r  ( X )  is used to 

identify reclaimed‘ cable.) 41so indicate the 
pair size for each cable section. 

(b) Year of placement for each cable section. 

(c) Length of cable section if it exceeds 20 feet. 
(For sections less than 20 feet, include with 

adjacent section length.) 

(d) Cable pressurization status of each cable 
section. 

(e) Type of construction (aerial, buried,  o r  
underground). 

(f) Loading coil locations. 

(g) Proposed and future RT locations. 

(h) The ultimate number of systems in each 
repeater section. Note that if a multiple 

RT system is used to serve two or more feeder 
branches, the effective number of systems is 
larger than the actual number. (See 3.08.) 

(i) Manholes that are potential repeater sites. 
Show cumulative distance to this location. 

’Reclaimed cable has a higher capacitance and thus a higher 
insertion loss factor than nonreclaimed cable. 

TITLE 

PIC Cable. General 

5.03 I f  pulp-insulated aluminum conductors are 
encountered, use  a code representing a 

pulp-insulated copper conductor cable tha t  is 
equivalent in electrical characteristics. The standard 
3-letter code for PIC aluminum cable may be used 
when that type of cable is encountered. 

5.04 Post cable section numbers on the schematic, 
start ing with 1 adjacent to the CO and 

numbering consecutive 0 y to the end of the digital 
line. The CO is designated as cable section 0. 

S t ep  2-Cable L a p p s  

5.05 

eg, 12-, 13-, or 25pair units. 

Indicate the construction “layup”’ of all 
sections of cable on the schematic (Fig. j), 

* “Layup” is defined as a cross-section view of the number of 
pairs assembled in a unit and the arrangement of the units as 
they are combined to form unit-type constructed cable. It also 
may be a view of the number and arrangement of pairs in a 
layer-type constructed cable. 

5.06 Spacing of repeaters on the digital line is 
governed by both cable “layup” and the 

relative location of the transmit and receive pairs. 
The transmit and receive pairs may be assigned 
within the sameunit, adjacentunits, or nona&acent 
units. 

Superseded Exchange Cables (covers pulp and 
strip paper-insulated conductor cables) 

Even-Count PIC Cable (B Series), General 

Solid PIC Cables, Description (covers odd- 
count PIC cable, “A” Series, General) 

5.07 The following list of Bell System Practices 
and figures shown in this section is furnished 

to assist in obtaining knowledge regarding “layups” 
of various types of cables. 

SECTION NUMBER 

626-75 9-149 

626-75 9-400 

632-033-102 

632-033-151 
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F I G U R E  NUMBER IN 
TITLE THIS SECTION 

Method of Estimating Cable Code Fig. 6* 

Electrical Characteristics of Superseded Fig. 7* 
Pulp-Insulated Cable 

Layup of DSA-Type Cable 

Layup of BH and BK Small PIC Cables, 11- t o  

Fig. 8* 

Fig. 9 
50-Pair Units and Multiunits 

Layup of 25- t o  300-Pair Even-Count BH- and Fig. 10 
BK-Type PIC Cables 

Layup of 400-, 60@, and 900-Pair Even- Fig. 11 
Count BH and BK PIC Cables 

Superseded BH- and BK-Type Cables 

Superseded 50-Pair BH- and BK-Type Cables 

Fig. 12 

Fig. 13 
and Multiunits 

Layup of 11- to 50-Pair AH- o r  AK-Type (Odd- Fig. 14 
Count) PIC Cables 

Layup of 76-  to 404Pair AH- or AK-Type Fig. 15 
(Odd-Count) PIC Cables 

Method of Pair Selection t o  Minimize NEXT in Fig. 16 
11- t o  25-Pair Even-Count PIC Cables 

Layup of 50-Pair Cable and 50-Pair Multiunits Fig. 17 
in Even-Count PIC Cables 

Layup of 900-Pair Layer Cable, 22 Gauge Fig. 18 

*When only pair size, gauge, and year of placement are known, the "layup" can be estimated employing 
the instructional notes on Fig. 6, 7 ,  and 8. 

5.08 In general, 50-pair units a re  the smallest 
found in 22-, 24-, or 26-gauge non-PIC cables 

larger than 100 pairs. Most 19-gauge, non-PIC 
cables a r e  assembled in 25-pair units. When 
layer-type cables are encountered, 25- and 50-pair 
cable sizes are to be considered as 2 5  and 50-pair 
unit cables since they have the same crosstalk 
characteristics. 

5.09 Most  75-pair layered and some 100-pair 
layered cables are constructed as  a single 

unit. These cables should be considered as 50-pair 
unit cables. The larger pair size layered cables 

are constructed with either 50- or 100-pair splicing 
groups, and these cables should be  treated the 
same a s  50-pair unit  type, since both 50- and 
lWpair layers have NEXT coupling losses comparable 
to 50-pair unit cable. 

5.10 

Fig. 9). 

(1) The layup design was changed in 1964 from 
25-pair binder groups assembled in 8-, 8-, 

9.pair units to 12-, 13-pair units. 

The  B ser ies  of PIC cable  is  cu r ren t ly  
produced in various pair un i t  s izes  ( see  

Pago 7 



SECTION 902-200-110 

(2) The layup is the basis of 50-pair “multiunit” 
constructed PIC cables in some of the 200- 

through 900-pair sizes. 

Large quantities of Manufacture Discontinued PIC 
cable containing 8- and 9-pair units are in service, 
as well as lesser quantities of 13-, 17-, and 50-pair 
units. With the redesign in 1964, no change was 
made id the code (BK or BH) that identifies this 
type of cable. 

5.11 Even though the design of 50-pair cable 
and 50-pair “multiunits” was changed in 

1964, actual manufacture of 22-, 24-, and 26-gauge 
types in the 12-, 13-pair units occurred between 
Fall of 1964 and Spring of 1966 at  various plants. 
In the 19-gauge type, some 12-, 13-pair unit cable 
was produced in late 1964 and some 8-, 8-, 9-pair 
unit cable was manufactured until late 1967. 

5.12 

proceed as  follows: 

When a particular size of PIC cable has 
been manufactured in more than one layup, 

(a) If it is not known whether the layup is &, 
8-, 9-, or E-, 13-type (BH or BK 60-, ZOO-, 

60@, or gOC-pair), assume that it is 12-, 13-type 
unless it is practical to verify the actual layup 
and the transmit and receive digital pairs must 
be selected from different binder groups. 

(b) If it is not known whether the layup is E-, 
13-, or 25pair unit type (BH or BK 3O@pair), 

assume that it is the 25-pair unit type unless it 
is practical to verify the actual layup and the 
t ransmi t  and receive digital pa i r s  must be  
selected from different binder groups. 

Fifty-pair odd-count PIC cable should be considered 
the same as  50-pair unit constructed cable. 

5.13 In multiunit PIC cables, the units spiral as 
they are combined in the cable manufacturing 

process. Units that appear to be nonadjacent and 
are in different rings might become adjacent as 
the units spiral around the  core and inner ring. 
In the manufacture of cable, units may be slipped 
a maximum of one unit. For example, in t he  
4Wpair cable (Fig. l l ) ,  the 128150 binder group 
may become adjacent to binder group 351-375. 

5.14 In multiunit PIC cables, the highest crosstalk 
coupling loss (most desirable condition) occurs 

when transmit and receive digital paths are carried 

.in different units and spaced as  widely apart  as  

units are B1 and X2, C 1  and B2, and A2 and C2 
(see Fig. 17). 

5.15 In layered cables, when transmit and receive 
pairs are assigned in nonadjacent splicing 

groups, t rea t  this cable in the same manner as 
though the pairs are assigned in nonadjacent units. 
Similarly, treat a cable that contains transmit and 
receive pain in adjacent splicing groups the same 
a s  though they are  assigned in adjacent units. 
However, if ten or more subscriber carrier 
systems are contemplatedin theplanningpend 
pair assignments in adjacent splicing groups 
must be treated as though they are within 
the same unit. 

possible. In an 8-, 8-, 9-type, 50-pz;r cable, the 1 

-.. 

- 

5.16 In a 900-pair l aye r  cable (F ig .  18),  a n  
adjacent group assignment is, for example, 

counts 1-100 and 101-200 and a nonadjacent group 
assignment is counts 1-100 and 201-300. Notice 
that to be nonadjacent, groups must have no pairs 
in adjacent layers. For example, counts 301-400 
and 501-600 do not qualify as nonadjacent and 
must be considered adjacent. 

Step 3-DiS.t.d Line Pair Selection 

5.17 Careful attention must be given to the specific 
pair assignments made for the digital lines 

to ensure  tha t  maximum margin or maximum 
repeater spacing, depending on the design philosophy 
employed, is achieved (see 3.01). The cable pairs 
used for the two directions of transmission should 
be physically separated as much as practicable to 
achieve high interpair crosstalk coupling loss, thus 
minimizing the crosstalk influence of other digital 
lines in the same cable sheath. Consequently, the 
first choice for the transmit and receive pairs would 
be  in nonadjacent binder groups; t he  second 
choice would be in adjacent binder groups; and 
the last choice would be in the same binder group. 

5.18 Achieving maximum send and receive pair 
separation (nonadjacent binder group) in 

subscriber carrier system applications is difficult, 
since these  sys tems prove most economically 
attractive near the  extremities of rura l  rou te s  
where small cable sizes are encountered. Nonadjacent 
binder group separation can be  achieved only in 
l a rge r  pa i r  sized cables (150-pair and  l a r g e r ,  
even-count PIC cable, and 300-pair and l a r g e r  
pulpinsulated conductor unit-type cables). 

Page a 
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5.19 Step 3 provides a step-by-step procedure 
for selecting pairs for the digital lines that 

will provide the best overall design, ie. the minimum 
number of repeaters per digital line. This selection 
is governed by the followng substeps: 

0 Start at  the CO and proceed along the cable 
route to a point where either the farthest 
RT is to be located or where a cable smaller 
than 50 pairs is encountered, whichever 
comes first. 

0 At that point, select transmit and receive 
pairs toward the CO,  using the following 
preferential sequence; most desirable (a ) ,  
least desirable (d). 

(a) Transmit and receive pairs in nonadjacent 
binder groups 

(b) Transmit and receive pairs in adjacent 
binder groups but in nonadjacent units 

(c) Transmit and receive pairs in adjacent 
binder groups and in adjacent units 

(d) Transmit and receive pairs in the same 
unit. 

5.20 I n  selecting pairs, be careful to ensure as 
much separation as possible in the smaller 

size cables (less than 50 pairs) at  the extremities 
of the route. Select pairs in the outer ring and 
try to achieve a minimum of 2-pair separation 
between the send and receive pairs (see Fig. 14 
and 16). 

5.21 

spacing: 

(1) Do not use shea th  pairs 1-12 in 50-pair 
cables. 

The following rules applicable to even-count 
PIC cables will result in maximum repeater 

(2) Do not use sheath pairs 1-25 if the starting 
point (5 .19)  involves a 7 5 p a i r  or la rger  

cable. 

(3) If the start icg point is in a 75-pair cable, 
the transmit and receive pairs should be 

selected from the following units: 
26-37 and 51-62 
26-37 and 63-75 

' 38-50 and 63-75. 

(4) I f  the starting point is in a 100-pair cable 
the transmit and receive pairs should be 

selected from the following units: 

26-37 and 76-87 
38-50 and 76-87 
38-50 and 88-100 

Step &Record Selected Pairs 

5.22 Trace the selected pairs back toward the 
CO and record on the schematic the separation 

status of the transmit and receive pairs in each 
cable section (same, adjacent, or  nonadjacent 
units). 

5.23 At the splice point between cables smaller 
than 50 pairs and cables larger than 50 pairs, 

it may be necessary to establish a cross-connecting 
terminal or make a cable throw to achieve the 
desired pair separation. A third option would be 
to place a 50-pair cable from the last repeater to 
the RT and use the existing small size cable for 
distribution. This would achieve the desired pair 
separation while avoiding the  added cos t  and 
admin i s t r a t ion  p rob lems  a s s o c i a t e d  w i t h  a 
cross-connecting terminal or a cable transfer. ' 

Step &Route Data Sheet 

5.24 A Route  Data  Shee t  (Fig. 1 9 )  m u s t  be  
prepared for each route. This Route Data 

Sheet is the primary input for the computer program 
DILEP and should be used to design or  verify 
repeater spacing on digital line subscriber carrier 
systems. 

5.25 DILEP is capable of handling up to 100 cable 
sections, 50 manhole locations, and 10 route 

junctions for  a single route.  If any  of t hese  
limitations need to be exceeded for a particular 
route analysis, the study route must be divided 
into two separate route segments, using any RT 
site or route junction as the separation point for  
the two route segments. 

5.26 

One of these codes must be used. 

5.27 

gives the data in tabular format. 

DILEP stores data on 46 different cable 
codes (cable types), as listed in Table A. 

The Route Data Sheet provides the same  
basic information as the route schematic, but 

Page 9 
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ISS 1, SECTION 902-200-1 1C 

NO. OF 
CABLE PAIRS AND 
CODE INSULATION 

A 6-480 
Paper 

AA 6.500 
Paper 

-._ 
\ 

\, \ 
\ 
\ 

SPEC NO. GENERAL SUPER- 
AND LETTERS SEDED 

APPROX AVG 
CAP. !.lF/MI CORE 
AT 900 H Z  SHEATH TYPE REMARKS DATE A N D D A T E  BY 

0.062 Lead Layer Like-colored pairs A.T.2300 - AA 

0.052 Lead Layer Color Groups A.T.3226 GC85 TA 
Single twist 3.25-05 

Single twist 3-25-10 4-28-10 

Layer 

Unit 

Unit 

Unit 

Unit 

Unit 

Layer 

Unit 

Unit 

Unit 

BSA 

CSA 

DSAL 

DSAC 

Color groups AT&T4610 
Staggered twist4 6-1.26 and 

M-2519 
6-7.26 

Uniform color uni s M-2536 
Staggered twists 12-10.35 
Mixed color units M-2553 
Staggered twists 8-2-48 
Mixed color units M-2561 
Staggered twist6 1-15-50 
Mixed color units M-2582 
Staggered twist6 2.2-51 
Mixed color units M-57041 
Staggered twist6 11.22.55 
Color groups M-57021 
Staggered twist4 12-5-32 
Mixed color units A-312376 
Staggered twist6 10-1-62 

*Mixed color units A-312376 
Staggered twist6 10-1-62 
Mixed color units A-312376 
Staggered twist6 10-1-62 

DSAA 

DSAH 

ESAL 

ADAL 

11.909 
Paper 

11.909 
pulp 
11.909 
pulp 
26-909 
pulp 
16-909 
R I P  
11-909 
Pulp 
11-909 
Paper 
300-11002 
R I P  
300-9002 
pulp 
300-1100‘ 
pulp 

0.082 

0.082 

0.082 

0.082 

0.082 

0.082 

0.082 

0.083 

0.083 

0.083 

Lead 

Lead 

L e  ad 

Stalpeth 

AIpeth 

PASP 

Lead 

Lead 

PASP 

Stal pet h 

3EC 1910 

3EC 1910 

?EL 2187 

10-27-26 

10-27-26 

2-6-36 
- 

- 

- 

- 

’EL 5080 
1-12-52 
’EL 7121 
1-2 5-63 
’EL 7121 
1-25-63 
’EL 7121 
1-25-63 

CSA 

DSA 

ADA7 

ADA7 

ADA’ 

ADA? 

ADA7 

- 

- 

- 

.Vote I: Intended for underground use; all other cables are suitable for general use. 
Note 2: Not supplied in 455-pair size. 
Note 3: Before April, 1921,  single pair twist lengths; after April, 1921, two lengths of pair twist per layer and  reversed 
layers. 

Note 4: Three lengths of pair twist and reversed layers. 
Note 5: Four lengths of pair twist ( two per layer). 
Note 6: Nine lengths of pair twist ( three per layer). 

Note 7: BHA cable is the standard replacement cable for sizes smaller than 300 pairs. 

Fig. 6-Hirtorical Data 
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1000 
1000 
10005 
1000 
10005 
10005 
10005 

1000 
1000 

1000 
10005 

10005 

ELECTRICAL CHARACTERISTICS OF SUPERSEDED PAPER OR 
PULP.INSULATED EXCHANGE CABLE 

626-759.408 
626-759-409 
626-759-410 
626-759.41 5 
626-759.416 
626-759-417 
626-759-106 

626-759-425 
626-7 59-426 

626-759-428 
626-759-107 

GAUGE 
A N D  

SERIES’ 

16-Ga 
NH 

19-Ga 
ANB 
DNB 
GNB 
CNB 
ENB 
ENB 
ADB 

22-Ga 
BSA 
CSA 
DSA 
ESA 
ADA 

- 

24-Ga 
ASM 
BSM 
CSM 
DSM 
ESM 
FSM 
ADM 

- 

DC-RES. 
OHMSI 

LOOP MI 
AT 6E°F 

42 

85 
86 
85 
85 
86 
86 
86 

1 7 1  
171 
I 7 1  
171  
1 7 3  

274 
274 
274 
274 
27 4 
274 
274 

CAP. 
PFNI  

A T  
900 Hz 

0.066 

0.066 
0.066 
0.066 
0.084 
0.086 
0.084 
0.083 

0.082 
0.082 
0.082 
0.082 
0.083 

0.072 
0.072 
0.072 
0.084 
0.072 
0.084 
0.083 

CONDUC- 
TANCE 

mHOSmI 
A T  

900 Hz 

2.0 

1.5 
1.5 
1.7 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.1 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

A T T N ~  
d W M l  

A T  
loo0 H: 

0.7 

1.2 
1.2 
1.1 
1.3 
1 3  
1.3 
1.3 

1.8 
1.8 
18 

1.8 
1.8 

2.1 
2.1 
2.1 
2.3 
2.1 
2.3 
2.3 

DlELECTlNG STRENGTH 
IN EXCESS OF 

BETWEEN 
COND. 

VOLTS RMS 

700 

500 
500 
500 
500 
500 
500 
500 

350 
350 
350 
350 
350 

350 
350 
350 
350 
3 50 
350 
350 

COND A N D  
SHEATH 

VOLTS RMS 

BELL 
SYSTEM 

PRACTICE 

1000 

~~ 

626-759.405 

1000 
1000 
1000 

1000 
10005 

10005 
10005 

626.759-440 
626-759-441 
626-7 59-442 
626-759-443 
626-759-444 
626-7 59-445 
626-7 59-108 

PR 
STL 

C. - 

This reprint, from 626-759-400 illustrates a method of estimating the “layup” of a cable identific 
records merely as a 4-22 (400- or 404- pair -22) placed in 1949. Referring to Fig. 6, it is estimated 
the cable is type DSA(L). A check above indicates type DSA cable t o  becovered by 626-751 
which is illustrated in Fig. 8. 

Note 4: See referenced practice for replacement cables. 

Note 5: The dielectric strength between each conductor and sheath of this series of cable with PASP sheath is 
of 20,000 volts dc. The dielectric strength between each conductor and stalvyn sheath of ADM and ADT o 
excess of 1400 volts rms. 

Fig. 7-Superredod Pulp Cablo 
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See Fig. 6 and 7, from which it has been estimated a 4-22 (404-pair, 22 gauge) cable placed in 1949 would 
most likely be coded. Thus, the core makeup is in 50- and 51-pair units. 

PRR4NGEUENT OF PAIRS IN  OSP-TYPE CPBLE 

W-R 2 

W-G 5 W-G 6 w-EL B 

w-EL 10 I - R  I4 W-BL IO 
W-R 14 
W-G 19 

@ - G 3  @::::9 

I1 PPlRS 

16 PPIRS 26 PAIRS 

P R E F E I I R E O  ARRANGEUENT 

76 PAIRS 

@ . e  

152 PPIRS 

ALTERNATIVE P R R i  

W-R I 

W-G 4 

W-EL 10 

W-R 16 

W-G 20 
w-BL 2 5  

76 PPIRS 

202 PAIRS 

@ e 

W-BL W-EL 
50 I SO 

303  PPlRS 

LNGEMENT 

51 PAIRS 

W-G 2 
W-BL 8 
W-R 14 

I - G  2 0  
W-BL 26 
W-R 31 

- K E Y -  
W-G-WHITE-GREEN *. BLUE-RED TRPCER PPIR 
W-R*WHITE-RED 5 .  WHITE BINDER STRINGS 
W-BL.WHITE-BLUE t. WHITE-GREEN BINDER STRINGS 

101 PAIRS 

W-G 

so 

404 PAIRS 

Fig. E-DSA Cable Layup 
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'"\ 

\\ 

\ 
\ 

I -Pa 
UNIT 

@ 
W-S W - I R  

6-PAIR CPIILE 
119-GIUGE ONLY) R-O 

R-G 

11-PAIR CABLE 
ibLL GbUGESI 

16-PAIR CbBLE 
(ALL GAUGES1 

ALSO SEE FIGS 16 bNO I ?  

OH AND BK 50 PAIR U l L E S  AND 
10 PAIR YULTlUNlB Y I I Y C A C T U E D  
PRIOR TO 1964 

M PAIR CABLES AND M P I I R  
YULTIUNITS YANUfUrVIED 
SINCE 1964 

Fig. 9-Layup of BH and BK Small PIC Cobles-11- to SO-Pair Units and Multiunit8 
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T Y P l C I L  R E F E S R E D  S E P A R A T I W  O f  
T R I N S Y I T  4NC R E C E I V E  D l R E i T l O l r S  
3F 'RINSHISSION I R E  S H O W  BY 
O C T T E D  LINES 0% T H I S  FlWRh 

1. TRPNSYIT 
R RECEIVE 

Fig. 10-layup of 25- to 300-Pair Even-Count BH- and BK-Type PIC Cables 
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430-PAIR C X L  LAYUP 

,/-r-\, 
/ 2 5 - P A I R  \ 

,/ U N I T  

4 0 0  P A I R S  
16 BIMOER GROUPS 

6OO-PAlR CORE U Y U P  

,‘-cy, 
/ ZS-PAIR\ 
I CROUP 

I-. 

.’ 1 -- 
/ ’  

j 25-PA I R  , GROUP 
\201-225 . --. 

,600 PAIRS 
24 BIMOCR GROUPS 

TYPICAL W U T l U H l T  LAYUP 
(22. 24,  AND 26 GAUGES) 

BINDCR 
CROUP COCORS 

ALL M U L T I U U I T S  

OVERALL 

w w  
~ 

T Y P I C A L  M U L T I U N I T  
LAYUP PRIOR TO 1964 

T Y P I C A L  M U L T I U N I T  LAYUP 
1 9 6 4  AN0 L A T E R  

9 0 0 - P A I R  CORE LAYOUT 

M U L T I U N I T  BINDERS 

PAIR COUNT BlUWR COLOR 
1-600 WHITE 

6 0 1 - 9 0 0  RED 

900 P A I R S  
36 BlUDER CROUPS 

(24 AW 26 WffiES) 

Fig. 1 1-layup of 400-, 600-, and 900-Pair Even-Count BH and BK PIC Cables 

, I ,  
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MULT I UWl T 
31NDER CR 

P A I R  COUUT 
SEQUENCES 
(SEE U O T E )  

SUPERSEDED U X E S  
I u  1965, S L I G H T L Y  DIFFEREUT % I T  LAYUPS A S  S H W N  S E L W ,  w C R E  dSCD TOR 200- 

An0 M M - P A I R  P I C  CABLES THAT WERE WNUFACTURfD I N  SOME PLANTS, THE 2 0 0 - P A I R  C A K E  
W A S  WOE I N  A L L  GAUGES AND THE 6OO-PAIR UBLE W A S  WDE I N  22-GAUGE ONLY THESE 
ALTLRIIATE LAYUPS WERE A W P T E D  T O  PROVIDE A MORE COHPACT. SM0-R CORE AND TO IMPROVE 
HAWDLIW CIURACTERISTICS.  THE 200-PAIR ALTERUATE LAYUP VAS RATED MANUFACTURE 
OISCO*T INUED (W) I* I967 AND THE 600-PAIR ALTERUATE LAYUP WAS RATED YO i u  1 9 6 6  
THE C I U u c E  M C K  T O  THE O R I G I N A L  (STANDARD) DESICUS OF ZW- AND W - P A I R  CABCES ; A s  
UCCESSITATED B Y  RIOBLEYS EXPERIEUCLD WHEW U S l f f i  THE ALTERNATE DESIGN U e C E S  FOR 
TI C A R R I E R .  

200 PAIRS 

SLPERSEDED 200- AND 600 PAIR ALTERNATE CORE LAYUPS 
(22 GALGE CULY)  

THESE ORAWIWCS I LLUSTRATE THE LAYUP O f  CERTAIW SUPERSEDED C A B I S .  

90) P A I R S  
36 BlUDER GROUPS I N  I 8  
(24- I U D  26-CAffiE M D C ' P R I O R  TO 1963) 

5O-PPIR M U L T l U N l T S  

HAVE El-U I U D  
0-W BINDER 
CROUPS 

MULT I UU I T 

SHWN A T  L E F T  

BlNOER COLORS 0 - W  0-V 

NOTE 

u 
W L T I U U I T  U T U P  

THIS P 4 l R  COUNT SEOUENCE APPLIES WHEN 
THE UNITS 4RE COUNTED I N  4 CLOCKWISE 
DIRECTION LOOKING AWAY FROM THE CO. 
THIS CABLE I S  NOT SUITABLE FOR INDIVIDUAL 
PAIR COLOR CODE SPLICING. 

SUPERSEDCO 9 0 0 - P A I R  C M E  LAYUPS 

Fig. 12-layup of BH- and BK-Type PIC Cables 
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19-, 22-. 2 4 ,  AUO 26-GAUGE 

OUPERSEOEO 50-PAIR CABLE C M E  LAW? SUPERSEDED MULTIUNIT LAYUP 

NOTE 
50-PAIR CABLES AND CA0LES EMPLOYING SO-PAIR 
MULTiUNlTS MANUFACTURED PRIOR TO 1964 S E E  
FIGURES / I  AN0  17. 

Fig. 13-layup of 50-Pair and BH- and BK-Type PIC Cables and Multiunitr 

. 

. 
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/ 
/ 

/ 16. 12-13, AND I 7  P A I R  UNITS WERE USE5 
rc M A K E  7 6 ,  101 A N D  2 0 2  P A I R  crates. / 

- - - - - - _ - _ _ _ _ _  /, 
SEE I E T A I L S  IN F I G . 1 5  / 

50 AhD S I  PA195 
I 2 2 ,  2 4 ,  A N D  2 6  S A u G E  I 

I 
f 
I 

I 
i 

I 

/ 

Lib I S  

3, PAIRS 
1 9 GAUGE 3NLY I 

\ 
\ 
I 
I 
I 

I 
/ 
I 

I 

/ 
/ 

/ 
/ 

/ 

. 
L X A U P L E  SF PREFERRED 'OANSYI' AND 
^ E : E I V E  P A ~ R S  A R E  SHOWN a i  D O T T E D  L I N E S  

51 P A I R S  , 19 GAUGE ONLY1 

Fig. 14-Layup of 11- to SO-Pair AH- or AK-Type Odd-Count PIC Cables 
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. 

\ 

ARRANGEYEW ff U N I T S  
AHE I19 GAUGE1 TYPE CABLES 

,,-e\ 

E L  

13 

76 PAIRS 

w 
101 P A I R S  

I 5 2  P A I R S  2 0 2  P A I R S  

ARRPNGEYENT ff U N I T S  
AHA ( 2 2  G A I .  A X U  124 G A I  AND A K T  ( 2 6  G A I  TYPE CAELES 

76 P A I R S  101 P A I R S  
'-/' 

152 P A I R S  

T H E  ABOVE SKETCHES SHOW THE ARRANGEMENT OF U N I T S  OF VARIOUS 
CABLES AVO THE COLOR CODE OF THE B I N D I N G  STRINGS OF THE I N D I V I D U A L  U N I T S .  
THE NUYEERS DENOTE THE TOTAL P A I R S  I N  EACH U N I T ,  

'.-' 
202 P A I R S  303 PAIRS 

4W P A I R S  

Fig. 15-loyup of 76- to 404-Pair AH- or AK-Type Odd-Count PIC Cables 
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\ 

16-PAIR CABLE 

(ALL GAUGES) 

I IWAIR CABLE 
(ALL GAUGES) 

THERE SHOULD BE A MINIMUM OF TWO PAIRS SEPARPTIOH 
IN THE OUTER RING IN  ALL GAUGES. 

25-PA I R UNIT OR CABLE 
(ALL GAUGES) 

TMRE SHWLD BE A MINIMUM OF TWO PAIRS 
SEPARATION IN  THE INNER RING AND ONE 
PAIR SEPARATION IN  THE OUTER RING, 

Fig. 16-Method of Poir Selection 
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Fig. 18-Configuration of 900-Pair Layer-22 Gauge 
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ROUTE DATA SHEET W 

0 0 

0. N F I L E  NAUE m[I1[11 DATA 

,(ONE TO EIGHT CHARACTERS1 

ROUTE RESCRIPTION 7 I 1 1 1  I I r i  I I I 1 1  I 1111 1111 1 I I I I I 1 1  1 1  I I I J  

lo 
CABLE 
GECTION 
NUMBER 

M MANHOLE 

CABLE 
of CARRIER SECTION 

GECTION SYSTEUS LENGTH 
NUMBER 

--++- I-- - 
________ t 

I- 1-- -+--+- 
‘-I 
1-I ---__ 

DR - DEMAND KPEATER 
RT - REMOTE TERMINAL 

(UP TO 40 CHARKTERS 

TYPE oc PRESSURE 
CONSTRUCTION CODE 
A, 8. U 1 Q . N  

I 

.___ 

I 
I 

I 

CABLE PAIR U N I T  
CODE * SEPARATION 

S .  A .  N 

X FOR RECLAIMED CABLE. ADD ‘X‘ 

# *  USE ONLY IF  NECESSARY TO OVERRIDE D l L E P  

Fig. 19-Route Data Sheet 

UNIT S I Z E  
8.  12. 16. 
25 OR 50 

INSERTION 
LOSS FACTOR 
D B l K F T  
AT 712 KHZ 
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___- 
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I247 

828 
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___ 

PRESSURE 
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P. N 
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ROUTE DATA SHEET 

4 g F I L E  NAME 8 R U C ,C DATA _ _  .. ( O N E  TO E I G H T  C H A R A C l E R S I  

(UP TO 40 CHARMETERS 

@ I  @ x* 
U N I T  S I Z E  I N S E R T I O N  
9. 12. 16. LOSS FACTOR 
25 OR SO D B I K F T  

A T  112 KHZ 

Fig. 21-Route Data Sheet-Example (Sheet 2 of 2) 



DIGITAL UNE DESIGN AND PAIR SELECTION RULES 

SUBSCRIBER CARRIER SYSTEMS 

1. G E "  

1.001 This addendum supplements Section 

1.001 - . ,This addendum is issued for the following 

902-#)0-110, Issue 1. 

reasons 

(a) To add waterproof cables and make minor 
corrections to air core cable loss factors 

and temperature coefficients In Table A. 

(b) To correct paragraph 5.26. 

(c) To change copyright notice. 

2. C H A M  TO sKTK)N 

2.001 On the bottom of Page 1, delete the 
copyright notice and add the foIlowing: 

Not for use or disclosure outside the Bell System 
except under written agreement. 

2.001 

c 

On Page 4, Table &Cable IAMM a t  772 
k € k  replrree information in table with ne-w 

Table A. -. . 

2.043 

codes (cable fxted. as Lhtd! in Table A. 

On Page 9, change paragraph 5 2 6  to r e d  
DaEP storea dsta OD 52 different cable 

TABLE A 

CABLE LOSSES AT 772 kHz 

CAnLE TYPE 

17 AHC 
*17 ALC 
17 ANC 
19 AHB 
*19 ALB 
19 ANB DNB.GNB 
19 BNB,CNB, 

ENBm 

0.19 d 

"19 ADd 
-19 AJB 

20 AHD 
*!20 ALD 
20 AND 

-22 AQA- 
22 An& 

**22 M A  
*21 ALk 

**22 EUA 

"mz.2 
29' 

-24 
24 

824 
24 

-24 

"24 ABY- 
2 
2 6  

26 
20 

"26 

2c  za 

-2e 

3 
3 
3 
3 
3 
6 

4 
3 
3 
3 

2 
3 
9 
3 

3 
3 
4 
8 
3 
3 
2 s 
2 
4 
9 
3 
8 
3 
3 
9 
9 
S 
8 
8 

3 

a 

a 

a 

:- 
a 

M R  
. O S  AT 
% O F  IN 
dWKft 

3.18 
3.20 
3.00 
3.18 
3.20 
3.00 
3.30 
3.80 
asos 
295 
CS* 
4 . e  

- 

::is 
4.89 
Coo. 
C40 
4.60 
5.10 

6.60 
6.30 
5.60 
5.50 
5.m 
5.80  
5.86. 
6.00 
5.00 
7.80 
8.17 
7.50 
6.90 
6.80 
6.79 
7.70 
7.30 
6.30 

3.00 
5.1@ 
6.8@ 
8.17 

TEMP 
COEF. 

STEPS IN 
dWKk 

FOR loo? 

0.050 
0.094 
0.028 
O.OS&- 

t a  

0.068*; 
0.066f.: 

0.0!2s=& 
0.04- 
O.o(M.p. 
0 . w  
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1 INTRODUCTION 
This section describes the use of the Digital Line Engineering Program 

( D I L E P ) ,  a time-shared Engineering Planning and Analysis Systems (EPLANS)  
program. DILEP is designed to assist the outside-plant engineer in setting the 
spacing between repeaters for subscriber loop carrier systems (such as the 
s~c ' " -96)  that employ digital line transmission at the T1 bit rate (1.544 Mbits 
per second). 

This section is being reissued primarily to incorporate information on new 
features that have been added to DILEP. These new features are: 

0 The output now includes the length (in feet) of each repeater section (ie, 
each series of cable sections between two repeaters). 

Users may specify the loss limit globally for all repeater sections. 

Users may specify a loss-limit reduction for selected repeater sections. 

Users may specify surge-protected repeaters. 

0 

0 

0 

This is a general revision of this section; therefore, arrows ordinarily used to 
indicate changes have been omitted. 

Users do not need extensive knowledge of computers or programming to 
work with this program; familiarity with general information and instructions 
for the Remote Data Entry System (RDES) will provide the necessary back- 
ground (see Sectien 901-601-110 and PA-599001). Note that only the 

for the edit mode are guaranteed to be supported by DILEP.  BSP Section 902- 
200-110 (Digital Line Design and Pair Selection Rules for Subscriber Carrier 
Systems) provides the information necessary for adequate understanding of the 
engineering principles involved in repeater spacing. That section also provides 
guidelines and instructions for preparing data in the format required by DILEP. 

A blank Route Data Sheet which may be copied for use in data preparation 
is provided on the last page of this BSP. 

C H A N G E ,  DELETE, FILE, INSERT, LOCATE, PRINT, QUIT, and REPLACE commands 

i 
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a 

B 

2 GENERAL 
Digital line repeater spacing is based on insertion loss and on limitations 

imposed by crosstalk. Insertion loss, for a signal transmitted on a communica- 
tion channel, is the ratio (expressed in dB) of received power to transmitted 
power. Crosstalk is the undesired power coupled into a communications circuit 
from other communications circuits. Three types of crosstalk are involved: 
near-end crosstalk (NEXT) ,  far-end crosstalk (FEXT) ,  and apparatus-case 
crosstalk (ACXT).  Insertion loss and crosstalk are in t u r n  affected by: 

0 

0 

0 Type of plant construction 

Cable pressure treatment 

Cable code (cable type) 

0 Pair unit size 

Type of apparatus case (800 or not). 

The engineer of outside plant supplies the data for a DILEP analysis on 
Route Dutu Sheers. (A reduced-size sample sheet is shown in Figure 2-1; a 
larger, reproducible sheet is provided at the end of this BSP.) A DlLEP user 
then accesses DILEP by means of an input/output device which is referred to 
throughout this section as a data rerminul. The user enters all data (the input) 
from the Route Data Sheets into an input data file, using the data terminal key- 
board. This information is transmitted via telephone lines to the time-share 
computer where it  is received and stored. The user then requests DILEP to pro- 
cess the data file. Before processing the data, DlLEP gives the user the oppor- 
tunity to specify any or all of three options. I t  then analyzes the route data and 
causes a potential repeater location plan (the ourpur) to be printed out or other- 
wise displayed at the terminal. 

The engineer of outside plant must analyze the DlLEP output to determine 
if modifications are needed to satisfy other engineering and economic con- 
siderations. Examples of such modifications could be the desire to locate 
repeaters at existing loading-coil sites or to avoid locating repeaters at inaccessi- 
ble points. The engineer may modify the layout of the system to demand that 
repeaters be placed at specific locations; DlLEP will then analyze the modified 
layout and insert additional intermediate repeaters when necessary. 

Authorization and procedures for using DlLEP may be obtained from the 
local EPLANS coordinator. 

DILEP executes on a time-share computer, which may be a vendor- 
dependent system. Therefore, periodic updates, changes by a vendor, or  a 
switch in vendors, are likely to occur. All references to DlLEP operation o n  a 
particular Time-share System (TSS) are contained in PA-599001 (RDES User’s 
Guide), which is updated as required. 

Number O f  TI lines in the cable 

Length of each cable section 

Relative separation between transmit and receive pairs 

2- 1 



OlLEP 
R O W  DATA SHEET 

FILE NAME [ m i  DATA 

(ONE TO EGHT CHARACTERS) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l ~ l l l I l l l l  
(UP TO 40 CHARACTERS) 

CABLE PREVIOUS NWBER O f  CABLE TYPE Of P(IESSU)€ 
SECTION CABLE ACTIVE SECTION amS TRutflow CODE 
NUMBER SECTION 1-1 CINES LENGTH A,B, U p. N 

IN FT 

I I I I I 1 

I I I 1 t 1 
I I I I I 

I I I I I 

M -  MANHOLE 
OR - DEMAND REPEATER 
RT - REMOTE TERMINAL 

0 eoo-TrPE APPARATUSCASE 7 Y OR N (CIRCLE ONE) 

REDUCE LOSS LIMIT 7 Y OR N (CIRCLE ONE) 
ALL  PROTECTED REPEATERS7 Y OR N (CIRCLE ONE) 

I F  Y, TO WHAT 3 __ dB 

CABLE CAR UNIT UNIT SIZE IWSCRTlON 
' CODE 0 SEPARATION 8 I2 I6 LOSS fACTOR LIMIT 

S, ti, N 24,5&,b,OdOO dO/WFT REDUCTION 
AT 712 L H I  

* FOR RECLAIMED CABLE, ADD"XY, 
FOR SCREENED CABLE, ADD S 

* U U S E  ONLY I F  NECESSARY TO OVERRIDE D l L E P  

i t * *  15 d 0  MAXIMUM 

Figure 2-I. Route Data Sheet. 

a . 



B 

B 

B 

Issue 2, Section 902-200-115 

3 DESCRIPTION OF DILEP 
DILEP is an engineer-oriented tool for performing the mathematical 

analysis needed to obtain the location of digital line repeater sites for loop car- 
rier systems. 

3.1 RunTypes 

as discussed below. 
D I L E P  can be used to provide either an oufomofic run or a construined run. 

Automatic Run 

The automatic run provides outputs specifying the proposed repeater sites, 
using, as the only input, information about the cable sections and the locations 
of remote terminals (RTS) and manholes. I t  provides optimal repeater spacing 
for the loop carrier system, but ignores any special engineering considerations; 
consequently, i t  may place repeaters at impractical locations such as at a busy 
intersection or in the middle of a river. If one or more repeaters are needed in 
underground plant, DILEP will place the repeaters at user-specified manhole sites 
if possible. If the user has not specified manhole sites within underground 
plant, DILEP will place, at optimal locations, the fewest repeaters required to 
achieve the transmission objectives. The output from the automatic run pro- 
vides the outside-plant engineer with a starting-point design which he or she 
can then adapt to meet specific boundary conditions. 

Constrained Run 
The constrained run permits the engineer to specify some or all of the 

repeater locations to meet specific conditions. These specified repeaters are 
called Demand Repeaters (DRS). The program then uses location data (for 
demand repeaters, remote terminals, and manholes) and cable-section data to 
determine any additional repeater sites that are needed to satisfy the digital line 
transmission requirements. 

In general, the user should start by making an automatic run to determine 
the minimum number of repeaters needed for the route. He or she can then 
use constrained runs, inserting DRs to meet specific conditions, unt i l  a satisfac- 
tory design has been developed. 

3.2 Inputs 

DILEP inputs are of two types: route data contained on an input data file 
previously prepared from Route Data Sheets, and additional options specified 
interactively by the user after he or she requests a run. A discussion of each 
type of input follows. d 

3- 1 
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Route Data Sheet (Data file) Inputs 

Before evaluating a route with DILEP, the user should enter the route data 
on a Route Data Sheet. (A reduced-size sample sheet is shown in Figure 2-1; a 
larger, reproducible sheet is provided at the end of this BSP.) Background 
information for preparing this sheet is given in Section 902-200-110. A prop- 
erly filled-in sheet provides the following basic types of data in tabular form: 

0 Title information 

0 Cable section information 

0 RT and DR requests 

0 Manhole locations. 

Each of these data types will now be discussed in more detail. 

Title Information: 

Two kinds of title information are provided on the Route Data Sheet: 

FILE NAME-This identifies any particular data file among all possible data 
files being stored in the user’s storage area. Use of this information is 
covered in 6.3-“Entering Input.” 

ROUTE DESCRIPTION-The route description line (“title”) if specified by 
the user, will appear at the top of the printed listing after the ***DIGITAL 
L I N E  E N G I N E E R I N G  PROGRAM*** heading. The same description will appear 
each time the problem is run unless the user subsequently changes it. 
When the title line is entered into the input data file from a terminal, the 
format is: 

T titlename 

where T i s  typed immediately after the system cue and titlename can con- 
sist of up to 70 characters. Any spaces entered will count in the 70- 
character limit. I f  a title line is given, i t  must be the first line of the data 
file that will be submitted to DILEP. 

Cable Section Information: 

The required data for each cable section (100 sections maximum for each 
route or route segment) is given on a line across the first nine columns of the 
Route Data Sheet. The contents of each column, in order by number as given 
on the Route Data Sheet, are: 

Cable section numbers, numbered consecutively from the Central Office 
Ico), starting with 1 

Previous cable section numbers, starting 
on the sheet 

Ultimate number of active TI lines (ie, 
section during the planning period plus 
sheath) 

with zero for the first section line 

those to be installed in the cable 
any already existing in the same 

f 
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Length of the cable section in feet, if more than 20 feet. (Sections less 
than 20 feet should be included with an adjacent section length.) 

Type of outside plant construction - ie, aerial ( A ) ,  buried (B), or under- 
ground (U)  

Pressurization code for each cable section- ie, pressurized (PI or nonpres- 
surized (N) 
Cable type code- three letters, plus a fourth letter if the cable is 
reclaimed or screened (X for reclaimed, S for screened)' 

Relative pair-unit separation between transmit and receive pairs-ie, same 
unit (SI, adjacent uni t s  ( A ) ,  or nonadjacent units (N) 
Pair-unit size (number of pairs per cable uni t ) -  8, 9, 11, 12, 13 ,  16, 17, 
25 ,  50, or 100. 

( I O )  Insertion loss factor in dB per kilofoot. User inserts a value in this 
column only if a factor other than the normal is wanted. 

(11) Loss limit reduction in dB. User inserts a value in this column for only 
those sections whose loss limit is to be reduced (if any). 

When entered into the input data file from a terminal, the data for one section 
must be typed entirely on one input line and in the same sequence as given on 
the Route Data Sheet. The data items must be separated by commas. 

R T and DR Requests: 

On the Route Data Sheet, each RT or DR entry is made in column 1 as the 
only entry on the next line after the number of the cable section in which the 
RT or DR appears. To  enter the request for a remote terminal into the input 
data file, the user types an input line containing only the letters RT. To enter 
the request for a demand repeater, the user types an input line containing only 
the letters DR. 

Man hole Locations: 

On the Route Data Sheet, manhole locations (50 maximum for each route 
or route segment) can be designated as potential repeater sites either by 
interspersing them on separate data lines among the cable sections with which 
they are associated or by entering them as a separate group after a number of 
cable sections. They must, however, be given in order of increasing distance 
from the co. On the Route Data Sheet, the user designates a manhole by 
entering in column 1 a letter M a n d  in column 2 the cumulative distance from 
the CO to the manhole. The user inputs manhole site locations (potential 
repeater sites) in the format 

M, distance 

where M is typed immediately after the system cue and distance is the 
~~ 

I .  For screened cable, the user must also specify the pair separation as nonadjacent (see "Input 
Alternatives and Options"). 
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cumulative distance of the manhole site from the CO. One comma must 
separate M and distance. 

Interactive Inputs 

in sequence: 
Before processing the data, DlLEP prints out each of the following questions 

800-TYPE APPARATUS CASE? (Y OR N) 

ALL PROTECTED REPEATERS TO BE USED? (Y OR N) 

CHANGE LOSS LIMIT? (Y OR N) 

After each question, DILEP prints a prompt symbol and waits for a response 
from the user before proceeding. If the user’s response to the third question is 
“Y”, DILEP then asks “TO WHAT?”, prints a prompt, waits for a valid loss- 
limit entry, then prints a confirming statement. 

If the user specifies 800-series apparatus cases, the impairment caused by 
apparatus-case crosstalk will be virtually eliminated. If the user specifies surge- 
protected repeaters, the loss limit of all repeater sections except the first will be 
reduced by 1.5 dB (eg, from 33.5 dB to 32.0 dB). The reduction for the first 
repeater section will be only 1.0 dB (eg, from 23.0 dB to 22.0 dB) because there 
is no surge-protected repeater at the input end to add the other 0.5 dB. The 
user may also reduce the loss limit for all repeater sections below the default 
loss value of 33.5 dB to as low as 20.0 dB. 

Input Alternatives and Options 

When composite cable is used in the route, DlLEP supplies a default value 
for the insertion loss per kilofoof. I f  the cable loss is known to differ from the 
default value, the user may override the default value by entering the desired 
value in column 10 of the Route Data Sheet. When i t  is to be entered into the 
computer, the new value is typed immediately following the last item of 
required information (ie, the pair-unit sire),  on the same input line. I f  the 
insertion loss per kilofoot is given, i t  may contain a decimal point. An example 
of a cable section entry with overriding insertion loss per kilofoot is: 

3,2,5,3000,A,P,CAA,S,50,3.9 

I f  a section of cable is screened, the user must enter, in column 7 of the 
Route Data Sheet, the letter S as the fourth letter of the cable code. Also, the 
user must specify the pair unit separation as nonadjacent (letter N in column 8 
of the Route Data Sheet, Figure 2-11 so that DILEP will recognize the cable as 
screened. DILEP assumes a 15-dB N E X T  advantage for screened cable; therefore. 
ACXT and FEXT are the controlling types of interference in this situation. 

When reclaimed cable is used in the route, the user must enter the letter X 
as the fourth letter of the cable code in column 7 of the Route Data Sheet. 
This will cause a 35 percent increase in the DILEP-provided insertion loss per 
kilofoot, since reclaimed cable has a higher capacitance than nonreclaimed 
cable. 
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Adjacent to the CO 
Not adjacent to the CO 

D 
9.2 23.0 
9.2 33.5 

I n  practice, the situation often arises where the user would like to decrease 
the loss limir of only one. or some, of the sections of the digital line ,(eg, to 
compensate for power line induction). To designate this to DILEP, the user 
enters the desired limit in column 11 of the Route Data Sheet. The computer 
entry must then have a “,R” at the end of the data line for a section, followed 
immediately by the dB amount of the reduction as entered on the Route Data 
Sheet. The reduction amount must be a number between 0.0 dB and 15.0 dB. 
A decimal point i s  not required; entries such as “,R3” are perfectly acceptable. 
This reduction is an option which behaves much like the option of overriding 
the default cable insertion loss. If the user wishes to do both-to override the 
default insertion loss and to specify a reduction-the insertion loss must be 
specified first. The reduction, if used, must always be the last item specified for 
the cable section. If the user tries to specify a reduction less than 0.0 dB or 
greater than 15.0 dB, DILEP will still run but the reduction will be set to 0.0 dB. 
An example of a cable section entry with a 3 dB loss limit reduction is: 

3.3 Program Functions 

D I L E P  will locate a repeater at each route juncrion if the user has not 
already placed an RT or a DR there. (A junction is formed when a single system 
serves two or more branches of a feeder route, or where lines from two or 
more systems enter the same feeder route; D ~ L E P  can handle up to 10 junctions 
per route or route segment.) DILEP also will place RTs at the end of each digital 
line. When a single system serves two or more branches of a feeder route, the 
cumulative distances of cable sections and repeater sites will be the actual dis- 
tances from the co, not the total length of the path (see last paragraph of 5.1 - 
“Automatic Run”).  

DlLEP ensures that the insertion loss for a repeater section will be within 
the minimum and maximum insertion loss limits given in Table 3-1. Even if a 
repeater is moved to the full extent of either the backward or forward margin, 
the final insertion loss will be between the minimum and maximum limits. 

TABLE 3-1 

REPEATER SPACING AS LIMITED BY 
CABLE INSERTION LOSS IN dB AT 772 kHz 

MAXIMUM 1 REPEATER SECTION 1 1 Loss (dB) 

When an RT or a DR has been requested by the user and the insertion loss 
limit for the repeater section has not yet been reached, DlLEP subtracts the 
actual section loss from the permissible section loss. It then attempts to equul- 
ize the repeater sections-ie, to spread this difference over all repeaters between 
the previous and the current DR points. Groups of repeaters consisting solely 
of an RT or a D R  cannot be equalized. Because equalization is done on an inser- 
tion loss basis rather than on a crosstalk basis, the forward and backward mar- 
gins for a group of repeaters will be approximately equal, while the maximum 
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number of TI lines may differ for repeaters in the group. Equalization may 
cause the locations of the repeaters to change if one of the repeaters in the 
group is respecified as a DR and the other repeater sites are left to be calculated 

Equalizing the repeater sections by spreading the insertion-loss difference 
over several repeater sections results in each equalized section having slightly 
less insertion loss than the maximum loss for that section, rather than the sec- 
tion containing the RT or DR having substantially less insertion loss than the 
maximum loss. This results in three benefits: 

1. I t  is desirable to have the actual design loss less than the maximum per- 
missible loss. From a transmission point of view, this provides additional 
transmission margins for factors such as high ambient cable temperatures, 
moisture accumulation in the cable, and cable manufacturing variations. 

2. The smaller insertion loss provides repeater spacings that can accommodate 
additional T1 lines without the need to add repeater locations if unfore- 
casted growth occurs during the study period. 

3. The difference between actual loss and maximum permissible loss makes i t  
possible lo provide backward and forward margins for repeater sites, to 
assist the engineer in tailoring the line design to possible physical con- 
straints. 

When actual loss equals maximum loss for all repeaters in a route, the 
backward and forward margins will always be zero, and the maximum number 
of TI lines for each repeater section will be no greater than the number 
specified by the user. 

by DILEP. 

3.4 Outputs 

DILEP analyzes the route problem data the user has previously stored in an 
input data file and provides two types of output- route description data (based 
on cable sections) and repeater section data (based on the series of cable sec- 
t ions be t wee n re peat e r s) . 

Route Description Data: 

1. The title of the route problem. 

2.  For each cable section: the nine items of data entered by the user from 
the input data file for that cable section, the insertion loss factor being 
employed (default or specified), the insertion-loss limit imposed on the 
repeater section by that cable, the simplex loop resistance in ohms, the 
cumulative simplex loop resistance from the co to the end of the section, 
and the cumulative distance from the co to the end of that section. (The 
simplex loop resistance may be used in the design of repeater powering.) 
The abbreviated headings used for the section data on the printouts are: 

0 

0 

SEC # (cable section number) 

PRV SEC (number of the previous cable section) 

# TI LINES (number of TI lines specified by the user) 

sEC LEN (cable section length) 
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0 

0 

0 C A  CODE (cable code) 
0 

0 

0 

0 

TYP PLT (type of outside plant construction) 

P N (pressurized or nonpressurized) 

PR SP (pair unit separation) 

UNIT SIZE (number of pairs in each cable unit) 

DB/KFT LOSS (loss at 772 KHz,  from stored DILEP data file) 

Loss LIMIT (the maximum loss allowed in a repeater section that 
includes the type of cable used in this cable section) 

RESIST (simplex loop resistance between repeaters) 

CUM RESIST (cumulative simplex resistance between the CO and the 
repeater) 

0 

CUM LENGTH (cumulative distance from t h e c o  to the end of that cable 
sect ion). 

3.  RT and DR locations in their input sequence among the cable section 
numbers. 

4. A separate list of the manhole locations that were input as potential 
repeater locations. 

Repeater Section Data: 

The repeater section data is given in parts. Each part spans a series of 
cable sections along one of two possible types of path: 

0 From the co to the end of the first branch of the route, or 
I 

From one junction to the end of any branch of the route other than the 
first. 

For each repeater section, the information is given under the following head- 
ings on the printout: 

REPEATER (the number of the section, followed by a code designating a 
special repeater, if applicable). The codes can designate a remote terminal 
(RT),  demand repeater ( D R ) ,  manhole (MH), or new manhole (NM) .  

DISTANCE FROM C.O. (the distance in feet from the CO 10 the repeater site) 
0 SECTION LENGTH (repeater section length-distance between repeaters- in 

feet) 

1 
$ 

t DESIGN LOSS (DB) (the design insertion loss in dB at 772 kHz) 
MAX TI LINES (the maximum number Of T1 lines that can be assigned) i 

0 BKWD MARGIN (the backward margin- ie, the distance that a repeater can 
be moved back toward the CO) 
FWD MARGIN (the forward margin- ie, the distance that a repeater can be 
moved forward, away from the CO) 
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3.5 Backward and Forward Margins 
DILEP computes two types of margins that provide a measurement of the 

flexibility in the route design. First, it computes a .backward and a forward mar- 
gin for each repeater site. The backward margin is the number of feet a 
repeater site can be moved toward the CO without disturbing any other repeater 
location, The forward margin is the number of feet the repeater site can be 
moved away from the CO without disturbing any other repeater location. Calcu- 
lation of the backward and forward margins for a particular repeater site is made 
under the assumption that the repeaters on either side of the site are not 
moved. U the user wishes to move two a4acent repeaters, he or she must 
rerun the DILEP program and spec@ the two new locations as DRs to Cnsure 
that no additional repeater is necessary. 

Backward and forward margins are not calculated for RTs, because cable 
data is not available for the cable beyond the RT site when the site is at the end 
of a digital line branch. RTs at the end of digital line branches can be moved 
back toward the CO as long as the insertion loss for the repeater section i s  not 
reduced below 9.2 dB. Backward and forward margins are not calculated for 
DRs at junctions, since these repeaters must be placed as close to the physical 
location of the junction as possible. However, backward and forward margins 
are calculated for all other DRs to indicate how much accuracy can be tolerated 
in measuring their distance from the CO. The user also should be aware that 
when a normal repeater is changed to a D R ,  DlLEP will adjust the locations of 
repeaters on both sides of the new DR to achieve optimal repeater spacing 
between DR and RT locations. This condition may arise even if the new DR is 
placed at its DlLEP-calculated site instead of being moved to a new site. If  the 
user wishes to change one repeater to a DR and to leave all others in their origi- 
nal positions, he must specify as DRs all repeaters between two DRs, between 
two RTs, or between any combination of these. 

3.6 Maximum Number of T1 Lines 

The second type of margin calculated by DILEP is the maximum number of 
TI  lines that can be used in each repeater section. Calculation is made under 
the assumption that the repeaters at either end of a repeater section are not 
moved from their DILEP-calculated sites. I f  the user moves one or more 
repeaters in the route to obtain the final design, the maximum number of TI 
lines calculated by DlLEP may no longer be valid. The user should request DRs 
at the final sites for allrepeaters and then rerun D ~ L E P  to obtain the maximum 
number of T I  lines that can be handled by each repeater section in the final 
design plan. 

Nore. Caution should be exercised when interpreting the maximum 
number of TI lines calculated by DlLEP, considering the following factors: 

1. DiLEP has no knowledge of cable size; therefore, the calculated maximum 
number of T1 lines could require more cable pairs than the cable contains. 

2. DlLEP has no knowledge of cable layup (ie, positioning of the pairs); there- 
fore, i t  may not be possible to maintain the specified pair-unit separation 
for all TI lines as the maximum number of T I  lines is approached. 
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3.7 Manhole Locations 

If a repeater must be located in an underground cable section, i t  Wi l l  be 
located at one of the specified manhole sites and marked with the letters MH. 
However, if  a repeater must be located in an underground cable and no 
manhole sites are specified, or if the number of manhole sites specified is 
insufficient to allow all required repeaters to be located at existing manhole 
sites, DlLEP will determine the repeater sites and mark them with the letters NM 
to indicate that new manholes are needed. 

3.8 Sample Problem 

A simplified sample DlLEP problem to introduce procedures is illustrated in 
Figures 3-1A through 3-1H. Figures 3-1A through 3-1C show the associated 
route schematic, Route Data Sheet, and route printout, respectively. Figure 3- 
ID  shows a sample run in which all interactive questions are answered in the 
negative (N) and no loss limit reductions are specified by cable section. Each 
of the next three figures (3-1E, 3-1F, and 3-1G) illustrates the effect of a posi- 
tive answer (Y) to a different one of the interactive questions while the others 
remain negative so that the effect of each option in isolation can be noted. 
Another figure (3-IH) then illustrates how the loss limit of any cable section 
can be reduced independently of the other cable sections. 

The effects of different answers to the interactive questions can be noted 
by a careful study of the different examples (Figures 3-1E through 3-1H) in 
comparison with the reference figure (3-1 D) where no options were requested. 
Figure 3-1E shows the effect of specifying 800-type apparatus cases. Here the 
repeater locations are the same as in Figure 3-1D but the maximum number of 
TI lines is increased. When protected repeaters are specified (Figure 3-1F), the 
repeater locations stay approximately the same but the maximum number of TI 
lines decreases. In Figure 3-1G, the loss limit for all repeater sections is 
reduced globally from 33.5 dB to 30.8 dB; the repeater locations are identical to 
those in Figure 3 - ID  but the maximum number of TI  lines is decreased. In 
Figure 3-1H, the loss limit of the first cable section is reduced by 3.0 dB (from 
33.5 dB to 30.5 dB); this does not affect the repeater spacing or the maximum 
number of TI lines (see Figure 3-1D) because the first repeater section is lim- 
ited to 23.0 dB anyway. 
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>T SAMPLE DILEP PROBLEM 
> 1,0,6,396,A,P,ADA,A,50 
> 2,1,6,123,A,P,BKM,N,25 

>4,3,6,5825,A,P,CAA,A,50,4.1 
>5,4,6,2025,A,P,CAA,A,50,4.1 
> 6,5,6,1947,A,P,ADA,A,50 
> 7,6,6,1 I09,A,P,ADA,A15O 
> 8,7,6,2658,A,P,ADA,A,50 
> RT 

EDIT: 

> 3,2,6,3367,A,P,CAA,A150,4.1 <----e- NOTE 2 

> <----- NOTE 3 

>FILE G----- NOTE 4 

NEXT? 
>DILEP <------ NOTE 5 

NOTES ON THE ABOVE PRINTOUT: 

Note 1: The user enters the input mode to create a new data file 

Note 2: C A A  represents a composite cable with the digital lines in 22 
gauge. The 4.1 data field is used lo override the DILEP-provided default 
for the insertion loss per kilofoot. 

Note 3: The user depresses the RETURN key without data input lo enter 
a null line and transfer lo the edit mode. 

Note 4: The user saves the data file in his or her storage area. 

Note 5: The user requests that the DILEP program be run. 

Figure 3-IC. Sample DILEP Problem, Route Printout. 
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EXECUTION: 
800-TYPE APPARATUS CASE? ( Y  OR N )  
> Y  
ALL PROTECTED REPEATERS TO BE USED? ( Y  OR N )  
> N  
ALL RON-PROTECTED REPEATERS WILL BE USED 

CHANGE LOSS LIMIT?  ( Y  OR N )  
> N  

* * *  DIGITAL LINE ENGINEERING PROGRAM * * *  

SAMPLE DILEP PROBLEM 

1 0 6 796 A P ADA A 5 0  5 .49  7 0 . 5  7 .2  7 . 2  - -  < - -  - -  
2 1 6 1 2 3  A P BKM N 25 6 . 2 j  5 3 . 5  3 . 6  10 .8  
3 2 6 3367  A P CAA A 5 0  4 .10  3 3 . 5  6 1 . 6  7 2 . 5  
4 3 6 5 8 2 5  A P CAA A 5 0  4 .10  3 3 . 5  1 0 6 . 6  1 7 9 . 1  
5 4 6 2 0 2 5  A P CAA A 50  4 . 1 0  33.5 37 .1  216 .1  
6 5 6 1947  A P A D A  A 5 0  5 .49  3 3 . 5  35.6 2 5 1 . 7  
7 6 6 1109  A P A D A  A 5 0  5 . 4 9  3 3 . 5  2 0 . 3  2 7 2 . 0  
8 7 6 2 6 5 8  A P ADA A 5 0  5 .49  3 3 . 5  4 8 . 6  3 2 0 . 7  

RT 

SEC PRV I T 1  SEC TYP P CA PR UNIT DB/KFT LOSS C U M  CUI4 
I SEC L I N E S  LEN PLT N CODE S P  S I Z E  LOSS L I M I T  RESIST RESIST LENGTH 

396 
519  

3806  
971  1 
1736 
3683 
4792  
7450  

PART 1 
REPEATERS FOR CABLE SECTIONS 1 THROUGH 8 
REPEATER DISTANCE SECTION DESIGN M A X  BKWD F W E  

I F R O M  C.O. LENGTH LOSS(DB) 5 1  L I N E S  M A R G I N  M A R G I N  
1 4624 4624 19 .76  > 2 0 0  786 7 8 0  
2 11937  7 3 1 3  3 0 . 2 6  3 3  689 582  
3 RT 17450  5 5 1 3  3 0 . 2 6  45 0 0 

Figure 3-IE. Sample DILEP Problem Run, First Option Y.  

Q 

c' 

c 

e 

c 
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8 0 2 - T Y P E  A P P A S A T Y S  
> N 

C A S E ?  

a 
Issue 2, Section 902-200-119 

( Y  O R  N )  

A L L  P R C T E C T E D  R E P E A T E R S  T O  B E  U S E E ?  ( Y  OR N )  
> Y  
C H A N G E  L O S S  L I M I T ?  ( Y  OR N )  
> N 

* * *  D X C X T A L  L I l i E  E N G I N E E R I N G  P R O G R A M  * * *  

S A M P L E  D I L E P  P R O B L E M  

S E C  P R V  # T l  S E C  T Y P  P C A  PR U N I T  
0 S E C  L I K E S  L E N  P L T  N C O C E  S P  S I Z E  

1 0 6 396 A P ADA A 5 0  
2 1 6 123  A P B K H  N 25 
3 2 6 3367 A P CAA A 50  
4 3 6 5825  A P C A A  A 5 0  
5 4 6 2025 A P CAA A 50  
6 5 6 1947 A P ADA k 5 0  
7 6 6 1109 A P ADA A 50  
8 7 6 2658 A P ADA A 5 0  

R T  

DB/KFT L O S S  C U M  CUM 
L C S S  L I M I T  R E S I S T  R E S i S i  L E L t Y H  

5 . 4 9  2 9 . 0  7 . 2  7 . 2  396 
6 . 2 7  3 2 . 0  3 . 6  1 0 . 9  5 1 9  
4 . 1 0  3 2 . 0  6 1 . 6  7 2 . 5  3886  
4.10  3 2 . 0  1 0 5 . 6  1 7 9 . 1  9711  
4 .10  3 2 . 0  3 7 . 1  2 1 6 . 1  11736 
5 . 4 9  3 2 . 0  35.6 2 5 1 . 7  1 3 6 8 3  
5 . 4 9  3 2 . 0  2 0 . 3  2 7 2 . 0  14792 
5 . 4 9  3 2 . 0  4 8 . 6  3 2 0 . 7  1 7 4 5 0  

P A R T  1 
R E P E A T E R S  FOR C A E L E  S E C T I O N S  1 THROUGH 8 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  MAX BKWG FWD 

P F R O M  C . O .  L E N G T H  L O S S ( D B )  T 1  L I N E S  M A R G I N  M A R G I N  
1 4705 4705 2 0 . 1 0  158 428  4 3 9  
2 11967 7262 3 0 . 1 0  20 377 3 2 7  
3 R T  17450 5483  30.10 25 0 0 

Figute 3 - I F .  Sample DILEP Problem Run, Second Option Y. 

i 
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E X E C U i I O N :  
$ 9 9 - T Y P E  A P P A R A T U S  C A S E ?  ( Y  OR N )  
> r* 
A L L  P R O T E C T E D  R E P E A T E R S  T@ B E  U S E D ?  ( Y  O R  E) 
> N  
A L L  N O N - P R O T E C T E C  R E P E A T E R S  W I L L  B E  U S E D  

CHANGE L O S S  L I M I T ?  ( Y  O R  N )  
> Y  
TO WHAT? 
> 3 o . ~  
L O S S  L I H I T  IS NOW 30.8 D B  MAXIMUM 

e** D I G I T A L  L I N E  E N G I N E E R I N G  PROGRAK *** 

11.1 I S S U E  4 . I * *  

S A M P L E  D I L E P  PROBLEM 

S E C  P R V  I T 1  
# S E C  L I N E S  
1 C 6  
2 1 6  
3 2 6  
4 3 6  
5 4 6  
6 5 6  
7 6 6  
8 7 6  

RT 

S E C  T Y P  P CA 
LEK P L T  N C O D E  
395 A P ADA 

3367 A P CAA 
5825 A P CAA 
2025 A P CAA 
1947 A P ADA 
1109 A P ADA 
2658 A P ADA 

123 A P B K M  

PR U N I T  D B / K F T  L O S S  
S P  SIZE LOSS L I K I T  R E S I S T  

A 50 5.49 27.8 7.2 
E; 25 6.27 30.8 3.6 
A 50 4.10 30.8 61.6 
A 50 4.10 30.8 106.6 

A 50 5.49 30.8 35.6 
A 50 5.49 30.8 20.3 
A 50 5.49 30.8 48.6 

A 50 4.10 30.8 37.1 

c UP1 
R E S I S T  

7.2 
10.8 
72.5 
179.1 
216.1 
251.7 
272. C 
320.7 

CUM 
L E  I; GT H 

396 
519 
3886 
971 1 
11736 
13683 
14792 
17Q50 

PAfiT 1 
R F P E A T E R S  FOR C A E L E  S E C T I O N S  1 THROUGH 8 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  M A X  B K W f  F K C  

f i  F R O K  C . G .  L E N G T H  L O S S ( S E )  Tl L I N E S  MARSIN K A P S ? ’ t  
1 4624 4624 19.76 125 97 9 7  
2 11937 7313 30.26 13 72 72 
3 R; 1 7 4 5 2  5513 30.26 17 C 0 

Figure 3-IC. Sample DILEP Problem Run,  Third Option Y. 
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EX<:  2T 13’: : 
3 1 l - T Y P E  A P P 4 R A T U S  C A S E ?  ( Y  3R N )  
> ‘< 
ALL P R 3 T E C T E 3  R E P E A T E R S  T 3  a E  U S E D ?  ( Y  3R ! I )  
> :i 
A L L  ! 4 9 V - P R 3 T E C T E D  R E P E A T E R S  J I L L  B E  U S E D  

C H A N S E  L 3 S S  L I Y I T ?  ( Y  3R N )  
> :I 

* * *  D I G I T A L  L I N E  E N G I N E E R I N G  P R O G R A M  * * *  

S 4 ‘ 4 P L E  D I L E P  P R 3 B L L M  

S E C  P 9 V  S T 1  SEZ T Y P  P C A  P R  U N I T  D S I K F T  L O S S  C U Y  ZUY 
i7 S E C  L I V E S  L E N  P L T  N C O D E  S P  S I Z E  L 3 S S  L I Y I T  R E S I S T  R E S I S T  LE’ ; ;Tq  

1 3 5 335 A P ADA A 50 5.49 3 3 . 5  7.2 1 . 2  335 
2 1 5 1 2 3  A P 3 K H  N 25 6.27 33 .5  3.5 1 3 . 3  i t 3  
3 2 5 3357 A P C A A  A 50 4 .10  3 3 . 5  41 .6  7 2 . 5  3335  
4 3 5 5 9 2 5  A P C A A  A 59 4.13 3 3 . 5  136 .5  1 7 9 . 1  9 7 1 1  
5 4 5 2 0 2 5  A P CAA A 53 4.13 33 .5  3 7 . 1  2 1 5 . 1  1 1 7 3 5  
5 5 5 1947  A P A31 A 53 5.49 3 3 . 5  35 .6  2 5 1 . 7  1 3 5 3 3  
7 5 6 1 1 3 9  A P ADA A 5 3  5.43 33 .5  2 3 . 3  2 7 2 . 0  1 4 7 9 2  
9 7 6 2 5 5 3  A P ADA A 50 5 .49  3 3 . 5  43.5 3 2 3 . 7  1 7 4 5 3  

RT 

P A R T  1 
R E P E A T E R S  F O R  C 4 3 L E  S E C T I O N S  1 T H R O U C Y  9 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  YAX BK’dD F W D  

n FROM C . O .  L E N C T Y  L O S S ( D 3 )  T l  L I N E S  Y A R C I Y  Y A R Z I ’ I  
1 4624 4514 19 .75  >230 755  7 3 3  
7 11937  7 3 1 3  30 .25  24  539  5 9 3  
3 R T  17453 5 5 1 3  3 0 . 2 5  3 6  3 3 

Figure 3-1H.  Sample DILEP Problem Run, Reduced Loss Limit. 
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4 EVALUATION OF THE PRINTOUT 

she must evaluate the design with the following questions in mind: 
When the engineer receives the proposed repeater sites from D I L E P ,  he or 

1.  Is there sufficient margin in the design in terms of maximum number O f  TI 
lines and forward and backward margin? 

2.  Are the proposed sites physically suitable? (This can be determined by 
making a field check of the sites.) 

I f  the proposed design is unsatisfactory, the engineer can use a constrained r u n ,  
requesting D R s  a t  locations that wi l l  create additional margin in the route or at 
physically acceptable locations such as loading-coil sites, to obtain a new design. 
This process can be repeated as necessary unt i l  a final route design is obtained. 

i 
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5 PROBLEM EXAMPLES 
More detailed examples of problem inputs and their solutions will now be 

given, with emphasis on the capabilities of DlLEP and on basic procedures used 
to input data and obtain the output solutions. 

The user must type certain commands to enter or change problem data and 
to run the DlLEP program. Throughout this section, the following commands 
are used: 

1. The CREATE command, together with the name of a data file not already 
saved in the user’s storage area, is used to enter the input mode to begin 
entering data for a new data file. 

2. The ACCESS command, together with the name of a data file currently 
saved in the user’s storage area, is used to enter the edir mode so the data 
file can be modified. 

3. The FILE command is used to srore a data file. 
4. The DILEP command, together with the appropriate data file name, is used 

to run the DlLEP program. 

Additional commands can be found in ROES PA-599001 (see ~NTRODUCTION) .  
Throughout that PA, the “greater-than” symbol (>) is used as the prompt, or 
cue, to indicate that the TSS is ready to receive input. This symbol thus pre- 
cedes all user input. 

5.1 Automatic Run 

Figure 5-1 is a route schematic of a proposed Subscriber Loop Multiplex 
( s L M ~ ~ )  carrier route. Each SLM system requires one TI line. Figure 5-2 gives 
the corresponding Route Data Sheets prepared from this schematic. In this 
example, the user has elected to have DILEP automatically place all repeaters 
(other than the RTS) that are needed on the route. The  proposed route contains 
one junction at the end of cable section 24. The junction occurs where a single 
system serves two branches of the feeder route. Note that cable sections 25 
and 26 must be designed for two T I  lines to reflect the digital line loop-back 
design procedure covered in Section 902-200-1 10. Only three manhole sites 
have been specified by the user. One of these sites is located near the center of 
section 4, and the other two are located at the ends of cable sections 4 and 5. 
Note that other manhole sites could have been included if the user had so 
desired, either at the ends of other underground cable sections or within any 
underground cable section. 

This example is used in Section 902-200-1 10, and the development of the 
Route Data Sheet from the route schematic is discussed there. From the Route 
Data Sheet, the user can create a data file as shown in Figure 5-3. The user can 
now analyze the route by executing DILEP; the procedure and results are shown 
in Figure 5-4. 

If the user had not requested RTS after cable sections 26 and 28, DlLEP 
would have automatically placed RTS at these points, since the ends of all digital 
line branches must terminate in an RT. Similarly, if the user had not requested 
a DR at the route junction (the end of section 241, DlLEP would have automati- 
cally placed a DR at this site, since all route junctions must be repeater sites. 

5- 1 
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Since the first repeater was not needed until after the start of aerial cable, 
DILEP did not need to use any of the manhole sites. 

The repeater section in the branch of the route has less than the minimum 
allowable loss; this caused the message "ONE OR MORE SECTIONS HAVE LESS 
T H A N  MIN. LOSS" to be printed. To bring this repeater section up to the 
minimum allowable loss, the user may either place the RT further out along the 
cable route or place a transmission pad at the RT. In situations where a second 
digitul line is not likely to be extended beyond the RT, i t  is permissible to place 
a pad in the RT. Generally, pads in RTs should be avoided since the transmis- 
sion levels of additional digital lines at these locations must be treated identi- 
cally and there is no practical method of placing pads in repeater apparatus 
cases. Notice that the cumulative distances for the second part of the route 
(cable sections 27 and 28 and repeater 16) are the actual distances from the co, 
not the total length of the path which would include the distance for looping 
back on the first branch (cable sections 25 and 26). 

5.2 Constrained Run 
For a constrained run, the user enters some or all repeaters as DRs. One 

possibility is to place DRs at all existing loading-coil sites and then have DILEP 
analyze the route to determine if additional repeaters are necessary. 

The route schematic in Figure 5-1 was drawn so that loading-coil sites 
always fall between two logical cable sections. Consequently, the data file that 
was created by the user (Figure 5-31 can be easily modified to provide a con- 
strained run. This is done by inserting a DR request after each line of cable sec- 
tion information in the data file that describes a cable section immediately 
preceding a loading-coil site.. The loading coils after cable sections 17 and 23 
have already been defined as RT sites. Therefore, i t  is not necessary to place DR 
requests after these cable sections. 

The user can modify the data file by first locating the line of cable section 
information for the cable section preceding the loading-coil site and then insert- 
ing a DR request after the cable section line. This is done as shown in 
Figure 5-5. This modified data file can now be analyzed by DILEP, producing 
the results shown in Figure 5-6. 

Comparison of this constrained run with the automatic run shows that plat- 
ing D R s  indiscriminately at every loading-coil site can be an expensive policy. 
This particular sample route required 50 percent more repeaters (24 instead of 
16). Also, one of the DRs (repeater 20) forced a repeater section with less than 
minimum allowable loss to be created, and another DR (repeater 13) caused an 
RT section to have less than the minimum loss. 

I n  general, the user first should make an automatic run to determine the 
minimum number of repeaters needed for the route, then gradually modify the 
data file to include a few new D R S  on each successive constrained run. I f  the 
Previous example is run using DRs at the loading-coil sites after cable sections 
6, 10, 13, and 19 but omitting the D R S  at the loading-coil sites after cable sec- 
tions 4, 8, 11, 14, 16, and 21,  a design is obtained which uses some of the 
loading-coil sites but requires fewer repeaters than when all loading-coil sites 
are used. This can be seen from the modified repeater section table as 
presented in Figure 5 - 7 .  

i 
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D 

B 

B 

D 

b 

5.3 Two or More Systems 

When two or more systems are planned at the Same time and are to follow 
the same feeder route, DILEP can be used to calculate the necessary repeater 
sites for both systems simultaneously. This is done by using junctions to con- 
nect the separate branches of the systems to the feeder route. Figure 5-8 
shows three systems which share cable sections 1 through 4. Systems 2 and 3 
also share cable sections 9 through 12 (junctions occur after cable sections 4 
and 12) .  Route Data Sheets that show the cable section data for the route are 
given in Figure 5-9. 

The Route Data Sheet shows that cable sections 2 and 3 contain composite 
cable, and that for section 3 i t  is necessary to override the default value for the 
insertion loss factor that DlLEP supplies. Cable section 15 uses reclaimed cable. 
Note that two manhole sites have been given for cable section 3.  

The user can create the data file as shown in Figure 5-10 and run the prob- 
lem as shown in Figure 5-1 1. 

This designing of two or more systems simultaneously is recommended 
over designing each system separately for two reasons: 

1. The portion of the route that is shared by all systems needs to be designed 
only once. 

2. The DILEP program is executed only once to design all three systems, 
rather than once per system. 

5.4 Additional System 

When an unanticipated system must be added to an existing feeder route, 
i t  is necessary to review the design margin for the part of the feeder route that 
will be shared with the new system. In particular, the maximum number of TI 
lines that can be accommodated by this portion of the feeder route must be 
examined to ensure that the new system can be properly handled. If the feeder 
route is operating at full capacity-ie, the number of T1 lines already installed in 
the feeder route is equal to the maximum number of TI lines that can be 
handled-it is impossible to add the new system without adding intermediate 
repeaters in all repeater sections that currently operate with the maximum 
number of TI  lines. For this reason, it is important that the maximum number 
of TI lines that will be installed over the planning period be employed in the 
initial route analysis. 

When a new system is to be installed in an existing carrier route, i t  is done 
best by designing the new system so that it branches out from one of the 
repeater sites on the feeder route. If the new system must branch out between 
repeater sites, the branch cable will have to be in a sheath separate from the 
main cable sheath after the last common repeater point. Figure 5-12 illustrates 
this arrangement. 

DlLEP can be used to design the new system. The user must sectionalize 
the route data so that all existing repeater sites in the feeder route fall on cable 
section boundaries. The user also must request DRs at all points that 
correspond to existing repeater sites in the feeder route. 
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NEXT? 
><REAT5 
FILENAYE? >FILE1 
EDIT: 
NEd FILE: 
INP'JT: 
>T SAYPLE ROUTE Y O .  1 
>1,0,6,91,U,P,DS~~,S,53 
>2,1,6,1247,U,P,A3A,S,50 
>3,2,6,923,U,P,ADA,S,5~ 
>1,3,6,1327.U,P,~DA,S.S~ 
>3,2593 

, - - <  

>5,5,6,49jj,A,P,ADA,S,SO 
>7,6,6,3936, B, N,9HA, A ,  12 
>9,7,6,2213,B.N,BHA,A,25 
>3,9,6,5494,B,N,BHA,A,25 
>10,9,5,619,B,n,BHA,A,2j 
>ll,10,6,6227,B,N,BaA,A,ZS 
>12,11,6,99l,B,N,BHA,A,25 
>13,l2,6,5153,ErN,BHA,A,25 
>l4,13,6,6179,B,N,BHA,A,25 
>15,14,5,1553,B,N,BHA.A,25 
>RT 
>16,15.5,455U1B,N,BHA,A,25 
> l 7 , 1 6 , 5 , 7 3 6 5 , B , N , B H A , A , 2 5  
>RT 

>2;,29,2,12ll,E,N,BH3,A,25 
>22,21,2,1399,B,N,BHB,A, 25 
>23,22,2,4930,9,N,BH9,A,12 
>RT 
>~4,23,1,4903,B,N,EHE,A,12 
>D R  
>25,24,2,3553,B,N,BHB,A,l2 
>26,25,2,2093.B,4,6HB,S,25 
>RT 
>27,24,1,1571,B,N,BH3,S,25 
>29,27,1,95l,B,N,BHB,S,25 
>RT 
> 
EDIT: 
>FILE 

Fimre 5-3. Creating a Data file. 
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E X E  2 UT I 3 TI : 
9 3 3 - T Y P F -  A P P A R A T U S  C A S E ?  ( Y  9R N )  
> N  
A L L  P R B T E C T E D  f i E P E A T E R S  T 3  9E U S E D ?  ( Y  3R N )  
> :i 
A L L  N 3 N - P R 3 T E C T S D  R E P E A T E R 5  # I L L  B E  9SED 

CHANCE L O S S  LIYIT? ( Y  3R N )  
> N  

* * *  D I C I T A L  L I X E  E N C I N E E R I N ;  P R 3 G R A Y  *'I 

I I I I  I S S U E  4 I4.I 

S A M P L E  R3'JTE N7. 1 

SEC P 9 V  d f l  S E C  T Y P  P C A  PR U N I T  D S / K F T  L O S S  CliY C J '  
D Si- L I V E S  L E N  PLT N CODE S P  S I Z E  LOSS L I Y I T  R E S I S T  R E S I S T  LE',;:- 

1 0 6  
2 1 5  
3 2 5  
4 3 6  
5 4 5  
6 5 6  
7 5 6  
8 7 5  
9 9 6  

I 10 9 6 
1 1  1 0  5 
12 1 1  6 
1 3  12 6 
1 4  13  5 
15 1 4  6 

RT 

31 
1247 

92 3 
1027  

5 2 2  
4 355 
3936 
2219 
j 4 9 4  

61 9 
6227 

931 
5 1 5 3  
5173 
1553 

?I P DSY S 53 7 . 1 0  2 5 . 9  
U P A D 4  S 53 5 . 5 5  25.'  
U P A D A  S 5 3  5 . 3 5  25.: 
U P ADA S 5 3  5 . 3 5  2 5 .  
U P ADG S 53 5 . 3 5  2 5 . 7  
A P ADA S 53 5 . 4 9  2 5 . 9  
B N B d A  A 12 5 . 0 9  3 0 . 3  
B N BYA 4 25 5 . 0 9  3 1 . 0  
9 N S d A  A 25 5 . 0 1  3 l . 0  
3 N B q A  A 25 5 . 0 9  3 1 . 0  
B N S4A A 25 5 . 0 9  3 1 . 0  1 
B N BYA A 25 5 . 0 9  3 1 . 0  
B N BYA A 25 5 . 0 9  3 1 . 0  
B N BHA A 25 5 . 0 9  3 1 . 9  1 
B N BHA A 25 5 . 0 9  3 1 . 0  

2 . 2  
2 3 . 9  
1 3 . 9  
1 7 . 7  
1 3 . 4  
3 3 . 5  
6 5 . 1  
3 7 . 3  
9 2 . 1  
1 3 . 4  
0 4 . 6  
1 6 . 5  
8 5 . 6  
3 3 . 8  
2 6 . 0  

~~ 

2 . 2  51 
2 3 . 1  13?! 
3 7 . 3  2155 
5 4 . 3  315: 
6 3 . 1  $ 3 3 5  

1 5 5 . 9  3351 
2 2 3 . 1  12'95 
2 5 3 . 3  l j S : >  
3 5 2 . 5  2 3 - Y Y  
3'32.9 21115 
4 5 7 . 5  273Uj 
4 9 4 . 0  2 9 3 2 5  
5 7 3 . 5  3347; 
6 7 4 . 3  33557 
7 3 3 . 4  41237 

15 15  5 46j4 B N BHA A 25 5 . 0 9  3 1 . 9  7 9 . 2  7 7 3 . 6  45351 
17 1 4  5 7365 B N BYA A 25 5 . 0 9  3 1 . 8  1 1 3 . 7  3 9 1 . 2  52326 

RT 
18 1 7  3 1533  B N SHA A 25 5 . 0 9  3 3 . 5  2 5 . 2  9 2 2 . 4  5 4 q ? j  

1 9  1 3  3 4574 B N B q A  A 25 5 . 3 7  3 3 . 5  7 5 . 5  9 7 9 . 3  5723: 
23  1 9  3 4926 B ti aHA A 25 5 . 0 9  3 3 . 5  8 2 . 8  133-3.3 5;;?5 

Ri 
21 23  2 1211 B N B H 3  A 25 3 . 6 5  3 3 . 5  1 3 . 2  1 3 9 2 . 2  
22 21 2 1333  B N B H 3  A 25 3 . 6 5  3 3 . 5  1 1 . 7  1133.9  
2 3  22 2 4933 B N BHB A 12 3.55 3 3 . 5  4 3 . 3  1 1 4 4 . 2  

24 2 3  1 4 9 3 3  B N B H 3  A 12 3 . 6 5  3 3 . 5  4 1 . 2  1 1 3 5 . 4  

25 211 2 3533 B ti SH9 A 12 3 . 5 5  3 3 . 5  2 9 . 4  1 2 1 4 . 9  
26 25  2 ? a 3 3  B ti B H S  S 25 3 . 6 6  2 j . 9  1 6 . 8  1231.6  

27 24 1 1571 B N 9 x 3  S 25 3 . 6 5  2 8 . 9  1 3 . 2  1 1 9 3 . 6  
2 9  27 1 351 E N B i i 3  S 25 3 . 6 5  2 3 . 9  7 . 2  1 2 3 5 . 3  

R T  

D R  

Rf 

RT 

551 3 7  
5 5 5 2 5  
7 i 375 

75225 

79722 
3 1 7 ? >  

77795 
7 9 5 5 7  

d 

c 

Figure 5-4 (Parr I ) .  DILEP Run,  Using Daia File 
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L I C A T i 3 N S  3F Y A Y 3 3 L I S  FOR P A S T  1 
2593 3133 4 7 3 5  

P 4 R T  1 
R E P E A T E R  
R E P E A T E R  

n 
1 
2 
3 
4 
5 
5 
7 
3 R T  
9 

S F O R  C A S L E  
D I Z T A N C E  
FR3M C . O .  

4029  
311 37 

13273  
19135 
24933 
33772 
3553u 
41207 
47365 

S E 3 T ! 7 N S  
S E t T I 3 H  

L E N i T 3  
4 3 2 3  
xu57 
4735 
5332 
5 3 3 3  
5334 
5332 
4533 
5359 

1 T 3  

. .  
2 1 . 6 5  
24 .52  
1 4 . 5 2  
2 9 . 5 9  
2 9 . 6 9  
2 9 . 5 9  
2 9 . 5 3  
2 3 . 4 3  
2 9 . 5 3  

13  RT 32925 3 3 5 3  2 9 . 3 3  
1 1  53426 5 5 3 3  2 3 . 0 3  
12 R T  53725 5 4 3 3  2 3 . 0 3  
13  R T  l i  325 7399 2 7 . 9 3  
1 4  2R 76225 4 9 3 3  1 7 . 9 3  
1 5  R T  81725 5 5 3 3  2 9 . 1 3  

Y X X  
T I  L I V E S  

1 5  
8 
3 
3 
3 
8 
3 

3 3  
9 
9 

12 
1 2  
19 
32 

7 

9 Y d D  
Y A R S I Y  

231 
2 1 3  
242 
235 
235  
235 

1 4 3  
3 

353 
1 

1967 
0 
3 
'3 
7 

FJ? 
'4 A 3 i Z 'i 

2 i ? 
2 2 7  
2 ? J  
2!5 
2 3 5  
2 3 5  
235 

3 
353 

I 
1 3 Q j  

5 
3 
3 
3 

P A R T  2 
R E P E A T E R S  FOR C A B L E  S E C T I O ' I S  27 TdR3USq 28 
R E P C  A T E  R D I S TX N C E S EC T I3 3 E S I S Y  Y A X  3YdD FdD 

I F R O Y  C.O. L E Y G T ' i  L3SSCD3) T l  L I V E S  M A S S I N  '!AR;IV 
16 R T  735S7 2432 8.93 104 3 3 3 N E  OR M 3 R E  S E Z T I S N 3  d 4 V E  L E S S  T q A N  Y I Y .  LOSS 

Figure 5-4 (Parr 2). DILEP Run, Using Dora File. 

5-1 I 



Section 902-200-115 

NEXT? 
>ACCESS 
FILENAME? >FILE1 
E D I T :  
>L ;1027; 

>I DR 
4 9 3 9 6 9 1027 9 U 9 P p ADA 9 S t 5 0  

>L ;2219; 
8,7,6,2219,6,N,6HA,A,25 
>I DR 
>L ;619; 
10,9,6,619,B,N,BHA,A,25 
>I DR 
>L 6227 
11t10,6,6227,E,N,BHA,L,25 
>I DR 
>L ;5153; 
l3,12,6,5153,8,N,EHA,A,25 
>I DR 

BHA 

>L ;4654; 
16,15,5,4654,B,N,BHA,A,25 
I D R  
>L ;4574; 
19,18,3,45?4,B,N,EHA,A,25 
>I CR 
>L ;1211; 
21,20,2,12ll,B,N,EHB,A,25 
> I  DR 
>FILE 

f 

6 

(1. 

Figure 5-5. ModifVing a Data File. 
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**I D I ‘ J I T A L  L I N E  E N G I N E E R I N G  PRCCRAM * e *  

t t t D  I S S U E  4 t... 

S A P P L E  R C U T E  N O .  1 

S E C  PRV n T 1  S i t  T Y P  P C A  PR U N I T  DB/KFT L O S S  
P S E C  L I N E S  LEX P L T  N CGCE S P  S I Z E  

1 
2 
3 
4 

5 
5 

7 
8 

9 
10 

1 1  

12 
1 3  

1 4  

15 

16 

17 

18 
19 

20 

21 

22 
2 3  

24 

C R  

D R  

DR 

3R 

DR 

DR 

DR 

RT 

D R  

R T  

D R  

R T  

D R  

RT 

0 
1 
L 
3 

4 
5 

5 
7 

8 
9 

0 

1 
2 

3 

4 

5 

6 

17 
1 8  

19 

20 

2 1  
22 

23 

6 
6 
6 
6 

6 
5 

6 
6 

6 
6 

6 

6 
6 

5 

6 

5 

5 

3 
3 

3 

2 

2 
2 

1 

81 U P DSU - S  
1247 U P ALA S 

1027 U P ACA S 
a 2 8  u P A D A  s 

822  U P ADA S 
4855 A P ALA S 

3936 B N BHA A 
2219 B N BHA A 

5484 B N BHA A 
619 B N BHA A 

6227 B N BHA A 

98:  B N B H A  A 
5 1 5 3  B N BHA A 

6178 B N BHA A 

1550  B N BHA A 

U554 B N BHA A 

7065 B N BHA A 

1500 B N BHA A 
4574 B N BHA A 

4926 B N BHA A 

1211 B N BHB A 

1388 B N BHB A 
4800 B N BHB A 

4900 B N BHB A 

~~ 

50 
50  
50  
50 

50  
50 

12 
25 

25 
25 

25 

25 
25 

25 

25 

25 

25 

25 
25 

25 

25  

25 
12 

12 

L O S S  L I M I T  R E 9 I S :  
7 . 1 0  2 6 . 9  2 . 2  -~ 
5 . 3 5  25.i 2 0 . 9  
5 . 3 5  2 5 . 1  1 3 . 9  
5 . 3 5  2 5 . 7  1 7 . 3  

5 . 3 5  2 5 . 7  13 .8  
5 . 4 9  2 5 . 9  8 8 . 8  

5 . 0 9  3 0 . 3  6 6 . 1  
5 . 0 9  3 1 . 0  37 .3  

5 . 0 9  3 1 . 0  9 2 . 1  
5 . 0 9  31.0 1 0 . 4  

5 . 0 9  3 1 . 0  1 0 4 . 6  

5 . 0 9  3 1 . 0  1 6 . 5  
5 . 0 9  3 1 . 0  8 6 . 6  

5 . 0 9  3 1 . 0  1 0 3 . 6  

5 . 0 9  3 1 . 0  2 6 . 0  

5 . 0 9  3 1 . 8  7 8 . 2  

5 . 0 9  3 1 . 8  1 1 8 . 7  

5 . 0 9  3 3 . 5  2 5 . 2  
5 . 0 9  3 3 . 5  7 6 . 8  

5 .09  3 3 . 5  8 2 . 8  

3 .66  3 3 . 5  1 0 . 2  

3 .66  3 3 . 5  1 1 . 7  
3 . 6 6  3 3 . 5  4 0 . 3  

3 . 6 6  3 3 . 5  4 1 . 2  

C U H  C,” 

6 6 . 1  a ? ? j  
’ 5 5 . 9  8855 

2 2 3 . 1  12?96 
2 6 0 . 3  15315 

352 .5  23494 
362 .9  2 1 1 1 8  

467.5  273U5 

484.0  23325 
5 7 0 . 5  33473 

6 7 4 . 3  !9657 

7 0 0 . 4  412C7 

7 7 8 . 6  45a51 

8 9 7 . 2  52525 

922.4  54426 
9 9 9 . 3  59000 

0 8 2 . 0  63525 

0 9 2 . 2  65137 

103 .9  66525 
1 4 4 . 2  71325 

1 1 8 5 . 4  76225 

Figure 5-6 (Parr I ) .  DILEP Run, Using Modified Data File. 
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DR 
25 2 4  2 3 5 3 3  B N B H B  A 12 3.66 33 .5  2 9 . 4  1 2 1 4 . 8  7 9 7 3 5  
2 5  2 5  2 2 0 3 3  B N 9 H B  S 25 3.66 25 .9  16 .3  1231 .6  31725  

RT .-  

27 24 1 1571  B N B H B  S 25 3 .66  28 .9  13.2 1193 .6  7 7 7 9 5  
2 3  2 7  1 8 6 1  B N B H B  S 25 3 .65  29 .9  7 . 2  1 2 0 5 . 3  7 8 5 5 7  

RT 

LOCATIONS OF M A N H 3 L E S  FOR P A R T  1 
2593  3183  4335  

P A R T  1 
R E P E A T E R S  F3R C A B L E  S E C T I O N S  1 T H R O U G H  25 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  !ax 

# FR0H C.0.  L E N S T H  L O S S ( D B )  T l  L I N E S  
4 5  1 DR 3 1  33 3183  17 .18  

3 DR 8 3 5 0  2 8 3 9  15 .53  
4 12157  3297  1 6 . 7 9  

2 6 3 2 1  2 8 3 3  1 5 . 4 7  

5 DR 15015  2 3 5 3  1 4 . 5 5  
5 18365  3351  1 5 . 5 3  
7 DR 21  113  3 3 5 2  15 .53  
3 24231  3113  15 .35  
9 DR 27345  3114  1 5 . 8 5  

1 0  304  12 3057  15 .61  
11  DR 33479  3057  15 .61  
1 2  36563  3389  15 .72  
1 3  D R  39557  3039  1 5 . 7 2  

1 5  DR 45351  4554 23 .69  
16 49393  3532  17 .93  
1 7  R T  52926  3533  1 7 . 9 3  
1 8  D R  59330  5074  3 0 . 9 2  
19 R T  63926  4 9 2 5  2 5 . 0 8  
2 0  DR 63 137 1 2 1  1 4 . 4 3  
2 1  R T  7 1  325 6 1 3 3  2 2 . 6 5  
2 2  D R  7 6 2 2 5  4 9 3 3  1 7 - 9 3  
23  R T  31725  5 5 3 3  2 0 . 1 3  

14 R T  41207 1553  7 . 3 9  

O N E  OR M O R E  S E C T I O N S  H A V E  LESS T H A N  Y I N .  L O S S  

P A R T  2 
R E P E A T E R S  FOR C A S L E  S E C T I O N S  27 T H R 3 U S k I  28  
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I S N  

5 7  
5 7  

1 4 3  
>200  
> 2 0 0  
>200  
>203  
> ? Q O  
>200  
> 2 3 3  
>203  
> 2 0 3  
>230  

3 7  
1 4 3  
1 4 0  

7 
2 5  

> 2 0 0  
2 7  
82  

7 

MAX 
t FROY C . O .  L E N G T H  L O S S ( D B )  Tl L I N E S  

24 R T  79557  2 4 3 2  8 . 9 3  104 
O N E  OR M O R E  S E C T I O N S  H A V E  L E S S  T H A N  H I N .  LOSS 

BKXD 
H A R G I N  

1475  
1 1 2 9  
1129  
1453  
1 0 2 1  
1217  
1238  
1295 
1295  
1 2 5 7  
1257  
1257  
1257  

0 
257 1 
1539  

0 
1653  

3 
3 
0 
0 
0 

B K N D  
M A R G I N  

3 

Figure 5-6 (Parr 2). DILEP Run, Using Modlfied Data File. 

Fi iD 
M A R G I N  

1377  
1129  
1 4 5 3  
1031  
1217  
1 2 1 7  
1295  
1295  
1 2 5 5  
1257  
1257  
1257  

3 
0 

1571  
1533  

0 
471  

0 
3528  

0 
0 
0 

FWD 
Y A R G I N  

3 

c 

5-14 
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P A R T  1 
R E P E A T E R S  
R E P E A T E R  

/ I  
1 
2 DR 
3 
4 
5 DR 
6 
7 
a D R  
9 

10 R T  
1 1  
12 R T  

1 4  R T  
15 RT 
16 D R  
1 7  R T  

13 DR 

P A R T  2 

FCR C A B L E  S E C T I O N S  1 T H R O U G H  26 
D I S T A N C E  S E C T I O N  C E S I G N  
FRCM C . O .  L E N G T H  LOSS(DB) T i  

4206 4206 22 .69  

i 28U6  3995 2 0 .  30 
16981 4135  21 .06  
21  118 4137  21.06 
25237  4 1 1 9  20 .97  
29359  4122  20 .97  
33479 4 120 2 0 . 9 7  
37342  3863 19 .67  
4 1207 3865  19 .67  

52926  5 8 6 0  2 9 . 8 3  
59000  6074  1 0 . 9 2  

8860 4654 25.54 

47066 5859  2 9 . 8 3  

63926  4926 5 5 . 6 8  

81725  5500  20 .  13 

71325  7 3 9 9  2 7 . 0 8  
76225  4 9 0 0  17 .93  

M A X  
L I N E S  

1 3  
7 

64 
6 9  
69 
7 0  
7 0  
7 0  
9 5  
95 

9 
9 
7 

2 5  
10  
82 

7 

R E P E A T E R S  F O R  C A B L E  S E C T I O N S  27 T H R O U G H  28 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  N A X  

n F R O M  C . O .  LENGTH LOSS(DB) T 1  L I N E S  
18 R T  78657  2 4 3 2  8 . 9 0  104 

3 N E  OR M O R E  S E C T I O N S  H A V E  L E S S  T H A N  N I N .  LOSS 

1 5 . 5 3 . 0 1  > 

Figure 5-  7. Repeater Section Table, Modfied. 

E K i h ‘ ;  FA: 
MARS!& KAP;:!; 

36 3 5  
1785 3 9  
1779 19:: 
1927 ‘ 3 2 5  
1954 : 9 2 5  
1964 1 9 5 2  
1973 1 ? 6 q  
2200  l 9 5 U  
2042  2 Q 3 9  

0 0 
3 5 3  35 3 
0 0 

1650  47 1 
0 0 
0 0 
0 3 
0 0 

BKWD F W G  
M A R G I N  M A R r J I H  

0 0 
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DILEP 
ROUTE DATA SHEET 

M- MAMOLL 
Do - OEMANO REPEATER 
RT - R E w m  TERMINAL 
OOO-TYPL APPARATUSUSE 7 Y oa Y (CIRCLC O Y C )  
A L L  PllOTECTEO REPEATER¶? Y OR Y (CIRCLE O N C I  
REDUCE LO¶¶ L I Y T  7 Y OR N (CIRCLE OWCl 

I f  I, TO WMAT 7 - dB 

4t COR RECLAIMED CABLE,  ADD-X' 
FOR S C R E E N E D  C A B L E .  ADD -S- 

a r u w  ONLY IF NCCCSSARY TO ovcnamt O i L t C  

U4tN  15 db M A X I M U M  

Figure 5-9 (Sheet I ) .  Three-System Design, Route Data Sheer. 

ul 
ul e 
tB 
N .. 
a" 
5; 
0 

rg 
0 
Y 
k 
0 
? 
c. 
L 
v) 



OICEP 
ROUTE DATA SWEf 

Figure 5-9 (Sheet 2). Three-System Design, Route Data Sheet. 
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NEXT? 
>CREATE 
F I LEN AH E? > F I L E 2 
EDIT: 
NEW FILE : 
INPUT: 
>T THREE SYSTEM DESIGN 

>H,931 
>1,0,3,93l,U,P,ADM,S,50 

>2, 1,3,680, U, P,CAA, S, 50 
>H.1611 
>3;2,3,1477,U,P,CAB,S,50,3.5 
>H , 2100 
> M I  3088 
>4,3,3,2880, U, P, ADH, SI 50 
>H, 4000 
>5,4,1t1622,A, N,BHA, A ,  12 
>6,5, 1,2128,AlN,BHA,A, 12 
>7,6,1,2OOO,A,N,BHA,N,8 

>9,4,2,2200,A, N,BHA, A ,  25 
>lo, 9 , 2,5700, A ,  N ,  BHA, A ,  25 
>11,10,2, 1500,A, N,BHA,N, 12 
>12,11,2,2167,A, N,BHA, N, 12 

>14, 13, 1,22OO,B,N,BHB,A, 12 
>l5,14,1,4306,B,N,BHBX,A,12 
>16,12,1,1469,A,N,BHB,S,25 
>17,16,1,1721 ,A,N,BHB,S,25 
>18,17,1,2184,A,N,BHB,S,25 
>RT 
> 
EDIT : 
>FILE 

>8 , 7 9 1 t 3500 A, N, BHB N, 8 

> 1 3 , 1 2 , 1 , 1 7 0 7 , ~ , ~ , ~ ~ ~ , ~ , 1 2  

Figure 5-10. Data File for Three Systems. 
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6 
EXZCUT13N: 
831-TYPE APPARAT'JS CASE? ( Y  OR N )  
> N  
ALL PROTECTED REPEATERS TO BE USED? (Y 3R N )  
> N  
ALL NON-PROTECTED REPEATERS WILL BE USED 

CHANCE LOSS LIMIT?  (Y  OR N) 
> N  

I** D I S I T A L  L I N E  ENCINEERINS PROSRA!4 ' * *  

It*. I S S U E  4 . t i *  

THREE SYSTEY DESIGN 

SEC PRV t T l  SEC TYP P CA PR UNIT DB/KFT LOSS 
17 SEC LINES LEN PLT N C3DE S P  S I Z E  LOSS LIMIT R E S I S T  

1 0 3 931  U P AD?( S 5 3  6 . 5 1  29.5 2 5 . 0  
2 1 3 633 L) P C A A  S 53 5 .31  2 3 . 7  1 1 . 4  
3 2 3 1477 U P CAB S 53 3 . 5 0  2 5 . 9  '12.4 
4 3 3 2833  U P ADY S 53 5 . 5 1  2 9 . 5  7 7 . 2  
5 4 1 l 4 2 ?  A N BHA A 12 5 .03  3 3 . 5  2 9 . 7  
6 5 1 2 1 2 8  A N BYA A 12 5 .03  3 3 . 5  3 3 . 9  
7 5 1 2303  A N BHA N 8 5 . 0 3  3 3 . 5  3 5 . 6  
9 7 1 3533 A N BH9 N 8 3 .65  33 .5  3 3 . 2  
9 4 2 2 2 0 3  A N BHA A 25 5 .03  3 3 . 5  4 3 . 3  

1 0  9 2 5 7 9 3  A N BHA A 25 5 .08  3 3 . 5  1 0 4 . 3  
11 10 2 1533  A N BHA N 12 5 . 0 3  3 3 . 5  2 7 . 4  
12 11 2 2167  A N BHA N 12 5 .03  33 .5  3 9 . 7  
13 12 1 1707  B N 9 H A  A 12 5 . 0 9  3 3 . 5  29 .7  
14 13 1 2230  B H 3HB A 12 3 . 6 5  3 3 . 5  1 3 . 5  
15 14 1 4336 B N BHSX A 12 4 .94  3 3 . 5  35 .2  
16 12 1 1459 A N BHS S 25 3.65 2 3 . 9  1 3 . 5  
17 15 1 1721  A N BH3 S 25 3 . 6 5  2 8 . 9  1 3 . 3  
13 17 1 2184 A N BHB S 25 3 . 6 6  2 8 . 9  2 3 . 1  

RT 

L3CATIONS C)F MANHOLES FOR PART 1 
93 1 1511  2103  3033 4333 

6 

C U Y  C U Y  
R E S I S T  LENSTY 

2 5 . 0  9 3 1  
35.4 1511  
4 3 . 3  3333 

125 .3  5 9 5 3  
1 5 5 . 5  7 5 9 3  
1 9 4 . 6  9 i i s  
2 3 1 . 2  11713  
2 5 3 . 4  1 5 2 1 9  
1 5 5 . 2  3153 
2 7 3 . 5  1 3 3 5 3  
2 9 3 . 3  1 5 3 5 s  
3 3 7 . 6  1 7 5 3 5  
3 6 5 . 3  19332  
384.8 31U42 
4 2 1 . 0  25743  
351 .2  19734  
3 5 7 . 3  23735  
3 3 7 . 1  22939  

PART 1 
REPEATERS FOR CABLE SECTIONS 1 TYR9UtS 3 
REPEATER DISTANCE SECTION DESIGN M A X  BKVD FWD 

n FROM C.O. LENGTH LOSS(D3)  T 1  LINES YARSIN MARSIN 
1 M H  3333 3033  14.811 5 1  1552 1223  
2 D a  5953  2 8 3 3  18 .75  3 8  3 3 
3 10134 4135  2 1 . 0 1  55 2315  2597  
4 RT 15218 5 1 1 4  2 1 . 0 1  173 0 3 e 

Figure 5-1 I (Parr I ) .  DILEP Run for Three Systems. 
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PART 2 
REPEATCRS F3R C A S L E  S E C T 1 3 H S  9 T H R 3 X i  15 
REPEATER D I S T A N C E  SECTI3N D E S I C Y  '4AX 8 4 d D  Fdi3 

il FR3M C . O .  L E V S T H  L3SS(D3) T l  L I Y E S  '4ARZ!Y ' 4 A R Z I ' i  
5 11750  5 7 3 3  29 .39  9 7 97 7 3 7  
5 DR 17535  5 7 3 5  2 9 . 3 3  9 0 3 
7 3 1930 4355  19.r31 37 2u94 1993  a R T  25749  3 8 4 3  19 .01  a 5  3 3 

P A R T  3 
S C D S A T E R S  F3R C A S L E  S E Z T I 3 N S  15 T H R O U C Y  1 4  
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  Y A X  3KdD FAD 

n FR3U C . O .  L E N S T 9  L O S S ( 3 8 )  T 1  L I Y E S  H A R Z I Y  Y A R Z I Y  
9 R T  22333  5 3 7 4  1 9 . 6 9  3 3 3 

Figure 5-11 (Part 2). DfLEP Run for Three Systems. 
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Q 

c 

SYSTEM NO. 2 
SAME 

S Y S T E M  110.3 LL 
\ SEPARATE 

C A B L E  
SHEATHS 

F@re 5-12. Addition of New SLM Systems. 

e 
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6 IMPLEMENTATION 

6.1 Establishing a Computer Connection 

When the user has prepared the problem input data, a terminal session can 
be initiated to enter the data into a data file that can be processed by DILEP. 
The user must first establish a communications link with the computer. This is 
done by dialing an appropriate telephone number and then performing the 
logon procedure. The logon procedure is described in the RDES User’s Guide, 
PA-599001. When the logon procedure is completed, the user can create a data 
file containing the problem data. 

6.2 System Cues 

Coordination between the Time Sharing System (TSS) and the user’s termi- 
nal operations for satisfactory input and output is dependent on cues. 

A sysfem cue is an acknowledgment from t h e ~ s s  that it is ready to accept 
input data. The cue varies among systems and terminals, but always means the 
same thing. Throughout this ESP the “greater-than” symbol (>) is used to 
indicate the system cue. The user may input data anywhere on the line after 
the system cue. 

The user signals the conclusion of each data statement to the TSS by 
depressing the RETURN key on the terminal keyboard. The user must then wait 
for the system cue before typing new data. 

6.3 Entering Input 

The user must enter the input mode (environment) using the method 
described in PA-599001 to create a data file. When the system indicates that it 
is in the input mode, the user can begin entering data, copying line-for-line the 
information on the Route Data Sheet. 

The user starts typing an input line after the system cue. Title and 
manhole information must begin with the letter T o r  M typed immediately after 
the system cue. Cable section information or requests for RTs or DRs may start 
at any print position after the system cue (spaces are absorbed). 

Certain keyboard conventions are normally available to enable characters 
and lines to be deleted during input. These conventions’depend on the particu- 
lar TSS and data terminal involved, and are discussed in PA-599001. 

When all data on the Route Data Sheet has been entered, the user must 
transfer from the input mode to the edit mode. This is done by depressing the 
RETURN key after a system cue without entering any data. At this point, the 
user may use any of the editing commands provided by the TSS to make addi- 
tional corrections in the data file. It  is recommended, however, that the edit 
commands be restricted to eight (LOCATE, CHANGE, PRINT, QUIT, DELETE, FILE, 
REPLACE, and INSERT) since these commands are the only ones guaranteed to 
be supported by DILEP. 

When the user has checked the accuracy of the data file, that file should be 
saved in the user’s storage area. The user can now employ DILEP to analyze the i 

i 
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route by performing the following steps: 

1. After a “NEXT?” message and cue from the TSS, type the request 

> DILEP 

2. After the “FILENAME”? response to the DILEP request, and the cue, type 

>FILENAME 

where FILENAME is the name of the data file that contains information 
about the route that is to be analyzed by DILEP. 

Immediately after the interactive session for options, DlLEP will analyze the 
route and return the information on the proposed repeater sites. DlLEP always 
processes problem data in real time-ie, the repeater sites are determined while 
the user is still at the terminal, and the results are immediately returned to the 
terminal. 

6.4 Paper Tape Input/Output 

Paper tape input/output capability is available with the teletypewriter termi- 
nal. I t  is possible for a user to input problem data from a paper tape or to have 
the data file punched as output onto a paper tape prior to using the TSS com- 
puter. Off-line preparation of input data on tape results in an obvious savings 
in processor time because the system can read the tape faster than a user can 
type. I f  the user exercises reasonable care when preparing the tape, additional 
time will be saved because virtually all input errors can be eliminated. 

A paper tape can be punched any time the user wants a personal copy of 
the DILEP data file. The tape then may be used to rerun the problem at  a later 
time. By maintaining a personal tape, the user has the option of using the 
problem data any time in an off-line environment. The user can also maintain 
a personal library of data files as another efficiency step against overloading the 
assigned disk storage area in the TSS computer. 

Tapes with the XOFF feature (ie, where each data line is delimited by an 
XOFF character) can be used either to input a new file or to edit an existing file. 
ASCII tapes (tapes prepared without using the XOFF feature) can be used only to 
create a new file. (Paper-tape terminal procedures are discussed in Section 
901-601-110.) 

6-2 
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7 DIAGNOSTICS 
DILEP provides three types of diagnostics: line, cable section, and system. 

When the DILEP environment is entered, DILEP will access the user’s data file 
and read the input lines one at a time. If an error is found in a line of data, 
that line is printed as part of the cable section table and is followed by appropri- 
ate diagnostics. DILEP will not calculate repeater sites for a data file that con- 
tains errois. The user must make the corrections specified by the diagnostics 
before rerunning DILEP. The program checks input data for completeness and 
compatibility, but is unable to determine its accuracy. Therefore, reasonable 
care should be taken in preparing the input data so that problems will not have 
to be rerun. 

7.1 Line Diagnostics 

The line diagnostics apply to all input data statements; they specify that a 
line of input data is not acceptable for a specified reason. Table 7-1 lists all line 
diagnostics and gives an explanation of each. When a line error occurs, DILEP 
prints the actual line of input exactly as the user entered i t  into the data file, 
then prints the diagnostic statement. 

TABLE 7-1 
LINE DIAGNOSTICS 

(Erroneous line appears here.) 
MISS I NG IN FORM ATION 

Explanation: For a cable section line, part of the required cable section 
data was not included in the input line. For a manhole line, no 
manhole site was given. For a request line, the request was incorrectly 
typed. Note that if a blonk is accidentally entered, the program will 
ignore al l  data on the input line following the blank 

(Erroneous line appears here.) 
(Line containing a question mark appears here.) 
INVALID CHARACTER 

Explanation: A character other than a blank, comma, letter, digit, or 
decimal point appears in the input line. A question mark is printed 
immediately below the erroneous character. 

(Erroneous line appears here.) 
(Line containing a question mark appears here.) 
INVALID DECIMAL POINT-POSSIBLE MISSING INFORMATION 

Explanation: Either a decimal point was typed in an improper field or 
some of the required data was omitted from the input line. A question 
mark is printed immediately below the invalid decimal point. 

7.2 Cable Section Diagnostics 

The cable section diagnostics (Table 7-21 apply only to lines of cable sec- 
tion data. Cable section data is checked for validity only if all required data is 
provided for the cable section and no line errors have occurred for the section. 
More than one cable section diagnostic may be given for a cable section. When  
a cable section error is found, the section data is formatted and printed to 
correspond to the columns in the cable section table. All appropriate cable sec- 
tion diagnostics are printed after the section data. 

7- 1 
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TABLE 1-2 
CABLE SECTION DIAGNOSTICS 

"'SEQUENCING ERROR*** 
Explanation: The cable section number must be equal to the number 
of cable sections that have been entered. The error could be due to an 
invalid request for a remote terminal or demand repeater. 

Explanation: The previous cable section number must be less than the 
current cable section number. 

***INVALID NUMBER O F  T1 LINES*** 
Explanation: The number of digital lines must be greater than zero but 
less than or equal to 200. 

Explanation: The cable length must be greater than zero. 

Explanation: The code for the type of plant must be specified as A, B, 
or U. 

Explanation: The pressurization code must be specified as P or N. 

Explanation: Each of the first three letters of the cable code must be 
one of the allowable codes. If a fourth letter is given, i t  must be a 
letter X (for reclaimed cable) or S (for screened cable). 

Exdanation: The pair separation code must be specified as S, A. or N. 

'**INVALID PREVIOUS SECTION NUMBER*** 

***INVALID CABLE LENGTH*** 

***INVALID TYPE OF PLANT*** 

***INVALID PRESSURIZATION CODE*** 

***INVALID CABLE CODE*** 

***INVALID PAIR SEPARATION*** 

***INVALID PAIR UNIT SIZE*** 
Explanation: The pair unit size must be 8, 9, 11, 12, 13, 16, 17, 25,  
50, or 100. 

Explanation: This message is a warning only. I t  appears whenever the 
specified insertion loss per kilofoot is not within the range of losses that 
is valid for that particular gauge. DILEP will place repeaters along the 
route, using the user-specified insertion loss per kilofoot. 

Explanation: Either the combination of cable code and pair unit size is 
invalid or the combination of pair unit size, pair separation code, and 
number Of TI lines is invalid. 

***INVALID REDUCTION: REDUCTION SET = 0.0"' 
Explanation: This message is a warning only. I t  indicates that the 
user-specified loss limit reduction entry is less than 0 dB or greater than 
15.0 dB, or contains an invalid character. DlLEP will still run, but the 
loss limit reduction is set to 0.0 dB. 

***INVALID LOSS PER KILOFOOT*** 

***INVALID NEAR-END CROSSTALK OBTAINED*** 

7.3 System Diagnostics 

System diagnostics provide general information and reminders to the user. 
Diagnostics may be printed at any time during the execution of DILEP.  All sys- 
tem diagnostics, with appropriate user action for each, are given in Table 7-3. 

8 
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TABLE 7-3 
SYSTEM DIAGNOSTICS 

TOO MANY CABLE SECTIONS HAVE BEEN GIVEN-MAX IS 100 
Explanation: When this occurs, processing stops and the list of 
manholes and the list of cable sections having default values are not 
printed. 
User Action: Redefine the loop carrier route so that no more than 100 
cable sections are needed. 

Explanation: When this occurs, all future manholes will be ignored but 
processing will continue until all lines of the data file are checked and 
the list of manhole sites and the list of cable sections having default 
values are printed out. 
User Action: Choose fewer manholes with greater distance between 
them. 

Explanation: Line errors or cable section errors were detected for one  
or more input lines in the data file. Processing stops after all lines of 
the data file have been examined and the list of manholes and the list 
of cable sections having default values are printed out. 
User Action: Enter the Edit environment, make the necessary correc- 
tions in the data file, then rerun DILEP. 

Explanation: DlLEP was forced to place two repeaters too close 
together. User may have requested remote terminals, demand 
repeaters, or junctions too close to each other, or D I L E P  may not have 
been able to equalize the repeater spacing. 
User Action: Modify the route layout. This may involve relocating 
remote terminals, demand repeaters, or junctions. The problem may 
also be corrected by placing a pad in the remote terminal if the violat- 
ing section terminates in a remote terminal. 

Explanation: This diagnostic may occur during the interactive part of 
the DlLEP run if the user attempts to specify a loss limit greater than 
33.5 dB or less than 20.0 dB. 
User Action: Enter a number between 20.0 and 33.5 inclusive. 
(Entering 33.5 will have no effect on repeater spacing, because the 
default loss limit is 33.5.) 

TOO MANY MANHOLES HAVE BEEN GIVEN-MAX. IS 50 

INVALID CABLE SECTION DATA-CORRECT AND RERUN 

ONE OR MORE REPEATER SECTIONS HAVE LESS THAN MIN LOSS 

MUST BE BETWEEN 20.0 AND 33.5-REENTER 
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DlLEP 
ROUTE DATA SHEET 

FILE NAME 1 1 1 1 7 1 1  DATA 

(ONE TO EIGHT CHARACTERS) 

ROUTE 0ESCRIPTK)N 1 1 1 1 1 1 1 1 1 1 l l I l 1 1 1 1 1 1 I I 1 I I I I I I I I I 1 I I I I l  
( UP TO 40 CHARACTERS 1 

-. 

0 0 0 0 @ @  @ @ 
PRESSURE CABLE PAR UNIT UNIT SIZE CABLE 

SECTION CABLE ACTIVE SECTION CONSTRUCWN CODE CODE )c SEPARATION 8 I2 16, 
NUMBER SECTION T-l L INES LENGTH A,B, U p, N S, A, N 24,56,0RK)O 

PREVIOUS NUMBER OF CABLE TYPE OF 
0 

NUMBER IN  F T  

@** a*** 
INSERTION LOSS 
LOSS FACTOR LlMIT 
dB/KFT REDUCTION 
AT 772 LW ( d B  1 

M- MANHOLE 
DR- DEMAND REPEATER 
RT - REMOTE TERMINAL 
800-  TYPE APPARATUS CASE 7 Y OR N (CIRCLE ONE)  
ALL PROTECTED REPEATERS? Y OR N (CIRCLE ONE) 

9 REDUCE LOSS LIMIT 7 Y OR N (CWCLE ONE) 
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1. INTRODUCTION 
This practice describes the use of the Digital Line Engineering Program 11 

(DILEP 11). DILEP I1 assists the outside plant eng;leer in setting the spacing 
between repeaters for Digital Loop Carrier (DLC) systems and services that employ 
digital transmission at the T1 bit rate (1.Sj; t  megabits per second). The design phi- 
losophy, pair selection rules, and step-by-step procedures covered in this practice are 
intended to provide the basis for data input to DILEP 11. DILEP I1 may also be 
used to check existing repeater spacing. 

be useful to the outside plant engineer. In addition, new examples have been added. 
This practice is being reissued to incorporate additional dormation that may 

1.1 Overview - DILEP I 1  System Description and Functions 
DILEP I1 p r i m d y  performs the mathematical analysis needed to determine 

At the user’s option, the program can be used to place repeaters at all route 

the location of digital line repeater sites for DLC and 1.544 >Ibis services. 

junctions, or to provide repeaterless route junctions where possible. DILEP I1 can 
also perform a pad analysis and select an optimum value from choices input by the 
engineer. 

The program picks a repeater site from among selections input by the 
engineer, picks a new repeater site, or places a repeater site at a specific location 
upon request. 

DILEP I1 provides: 

T h e  insertion loss for the particular type of cable input 

The maximum loss for a given repeater section 

The loss at a repeaterless route junction 

The simplex resistance and cumulative simplex resistance. These resistance 
values are useful in powering calculations. 

1.2 Organization of this Practice 

fore, no margin arrows or page markers are indicated. Sections of this document are 
organized as follows: 

This is a general revision of BR 902-200-120, Issue 1 ,  November 1984; there- 

Section 1 - INTRODUCTION - Contains a general description of DILEP 11. 

Section 2 - REPEATER SPACING DESIGN PROCEDURES - Provides 
general information on repeater spacing design procedures. This section is not 
meant to be all-inclusive, but can be used in conjunction with other practices. 
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Section 3 - GETTIXG S?:\RTED - Focuses on t h e  p r e h i n q  work of 
prcparing the route schematic and Route Data Sheet before inputting the data. 

Section 4 - R U S S I S G  DILEP I1 - Explains the process of inputting the data 
and making a mn usi.n.g the Remote Data Entry System (RDES) editor. 

Section 5 - ISTERPRETISG TIIE DILEP 11 RESULTS - Describes a gen- 
eral process for interpreting the results. 

Section 6 - DILEP I1 ENX.LIPLES - Provides specific examples and explana- 
tions. 

Section 7 - ERROR .LlESStlGES - Describes error and diagnostic messages 

A list of related documents and a glossary are provided at the cnd of this docu- 
ment. 

1.3 Equipment and Material Required 
Authorization and procedures for using DILEP I1 may be obtained from the 

local Engineering Planning and Analysis Systems (EPLXSS) coordinator, or they 
may be generally avdable in your company. 

DILEP 11 executes on a time-share computer, which may be a vendor- 
dependent system. Therefore, periodic updates, changes by a vendor, or a switch in 
vendors, are Likely to occur. A DILEP I1 user accesses the DILEP I1 program by 
means of a data terminal. Section 4 gives additional information on access. 
Currently, DILEP I1 uses the generic RDES. DILEP I1 has also been incorporated 
into the LEIST" system; a description of that version of DILEP appears in BR 
901-600-130, L E I S  Digital Line Engineering Program I I  ( D I L E P  I I )  User Guide. 

The outside plant engineer organizes the data for a DILEP I1 analysis on 
Route Data Sheets. (A reproducible sheet is provided at the end of t h i s  User 
Guide.) 

1.4 Prerequisite Knowledge of Users 
DILEP I1 users do not need extensive knowledge of computers or program- 

ming to work with this program. The only required background is knowledge of 
RDES instructions. 

1.5 Source Information 
The determination of the ultimate number of digital loop carrier systems and 

their deployment typically comes from the route plan. Guidelines for powering the 
repeaters, and implementation and administrative procedures are covered in engi- 

~ ~~ 
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ncering practices such as the  predivestiture Bell System Practice BSP 9 16- 10@-@02, 
Design!n,y Digital Loop C m i e r  Sjstems. 
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2. R E P E A T E R  SPACING D E S I G N  P R O C E D U R E S  

2.1 General 

tems employing digital transmission at the T 1 bit rate ( 1.544 hlbits per second). 

in the bit stream. The spacing of these repeaters is govemed by the insertion loss 
and the interpair crosstalk c o u p h g  loss of the cable, whch in tum are influenced by 
the electrical characteristics and temperature of the cable. Consequently, designing 
digital loop carrier systems into exchange routes requires detailed analysis of the 
existing cable plant types, including the following: 

Determination of core layups of all cables 

An accurate prediction of the ultimate number of carrier systems to be pro- 

Selection of economical powering arrangements. 

l h s  section provides repeater spacing design rules for digital loop carrier sys- 

Digital transmission at the T1 bit rate requires repeaters that regenerate pulses 

visioned in the route 

The design required in the local loop plant, as compared to the trunk plant, 
can be different for the following reasons: 

1. 

2 .  

3. 

3. 

5 .  

6 .  

7. 

8. 

The local loop, because of smaller cables, is very often limited in the number 
of digital lines available. Consequently, the ability to select pairs to meet error 
rate criteria (as in the trunk plant) is frequently not available in the local loop 

The quality of cable facilities most likely varies along the route of the local 

Generally, the cables in the local :oop plant are more exposed to outside 
d u e n c e s  such as induction. 

The cables in the local loop are generally more susceptible to the intrusion of 
moisture or other forms of degradation such as water in splices or open 
sheaths. 

There are frequent cable taper points. 

There will probably be other services in the local loop plant cables that can 
cause impulse noise or crosstalk. 

The local loop plant may contain mixed gauges and many branches. 

The binder group integrity may not be verifiable. Thus, unlike trunk plant, 
you may have to assume that loop plant transmit and receive digital lines are 
in adjacent pair units. 

These differences affect the relative importance of interpair crosstalk coupling 

plant. 

loop. 

loss for the two applications of carrier systems, as well as the relative difficulty in 
selecting the most suitable cable pairs for digital transmission. 
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I f  T1 c m i c r  lines arc proposcd in a cable sheath that contains existing TI car- 
ricr lines, the rcpeatcrs for the proposcd systems must be located at the existing Tl 
r:peater citcs to avoid intcrq.ztcm far-cnii  c r o s t d k  (FEST) intcrfcrcnce. 

3.2 Design Philosophy 
A mechanized &sign progrrvn for locating thc line repeaters on a digital loop 

carrier system is essential due to the design complexity resulting from the folloibing 
factors that affect the maximum repeater spacing: 

1. 

2 .  

Insertion loss of the cable employed 

Physical pair separation achieved in each of the cable sections cmplo>cd in the 
total digital path 

Cltimate number of carrier sbstems contemplated 

Crosstalk d u e n c e s  are only relevant w i t h  a 3 dB zone on either side of each 
repeater. 

When locating repeaters on the digital h e  path, the cable insertion loss 
between repeaters must be low enough to ensure that the far repeaters can discrim- 
inate between signals and noise. The following factors lirmt the permissible inser- 
tion loss of a repeater section: 

The repeater cit? automatically adjust to insertion loss between 9.2 and 35.0 
dB at 772 kHz. The 35.0 dB  upper lirmt is reduced by 1.5 dB to allow for 
manufacturing variations in cable loss characteristics, thus limiting it to 33.5 
dB. This upper h t  may be further reduced by crosstalk d u e n c e s  in items 2 
and 3, below. 

The lower the crosstalk c o u p h g  loss between the send and receive digital 
pairs, the more the digital signal is mfluenced by crosstalk. 

The more digital h e s  there are in the same sheath, the more crosstalk energy 
there is. 

In addition to the preceding transmission considerations, repeaters must be 
located at physically and aesthetically acceptable sites. They should be located away 
from interstate highway rights-of-way, areas that flood, or a n y  location that has lim- 
ited accessibility. 

Repeaters on other systems in the same cable sheath must be located at the 
same repeater points to " i z e  crosstalk, even if the repeaters are installed in 
different apparatus cases. Remote Terminals (RTs) contain digital repeaters and 
must be considered regular repeater points. 

3. 

4. 

1. 

2. 

3. 

2.3 Route Junctions 
A route junction is formed .when Lines from two or more branches enter the 

same cable sheath. This type of junction can occur when separate TI digital lines 
are used to serve two branches in a cable network. 
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If a junction is also to be an RT site, and if the RT is to be located a short 
distance away in a branch leg (for physical or aesthetic reasons), the required length 
of suitably sized cable should be installed and the RT padded to ensure meeting the 
minimum loss requirement in DILEP I1 of 9.2 dB. If the junction is repeaterless, 
padding the R T  will ensure being at or below the maaxhum level dderence require- 
ment of 7 . 5  dB. 

Widespread deployment of digital loop carrier (DLC) and Ilia Capacity Digi- 
tal Services (€ICDS) is causing a sigmficant number of branches and route junctions 
on many routes. Placing a repeater at each of these junctions is unnccessarj from a 
technical point of view. Subscriber loop TI digital Lines have always had a signal 
level coordination requirement that typically precluded unrepeatered route junctions. 
The original level coordination requirements of  1.5 dB maximum level difference 
limited the effect of far-end crosstalk (FEXT) on the overall TI margin to 0.3 dB. 
t Iowever, studies using improved models for crosstalk have shown that the signal 
level coordination requirement can be relaxed from the present 1.5 dB ma,ximum 
level to 7 . 5  dB. This change permits the effect of FEXT on the overall TI margin 
to be a maximum of 1 . 1  dB instead of 0.3 dB. The 0.8 dB reduction in mar@ is 
insigrdicant to the performance of the TI systems, and is economically justfiable. 

While this change in engineering rules does not allow unrepeatered route junc- 
tions to be placed arbitrarily, it gives designers enough flexibdity to solve the major- 
ity of their route junction problems. It should be noted, however, that elmination 
of a repeater at any given junction will not always ensure reduced cost for local loop 
designs. There are situations in which elimination of the route junction repeaters 
could cause the placement of additional repeaters in the branches. 

junctions can be permitted in a T1 line feeder route. Also, any number of repeater- 
less junctions (meeting the 7.5 dB maximum level difference) can be permitted 
between two digital regenerators or  terminals, and any number of branches can be 
permitted. DILEP 11, however, is able to cafe for only one repeaterless junction 
between any two regenerators or RTs on any given "run" of the program. By mak- 
ing more than one run, additional repeaterless junctions within a repeatered section 
can be handled. (See Figure 2-1.) There is also a constraint on branching such 
that any single junction cannot have more than three branches off the main feeder 
route terminating in demand repeaters, RTs, or program-selected repeater locations. 
This, also, can be addressed by making more than one run. 

From the transmission engineering point of view, any number of repeaterless 

2.4 Insertion Loss Limitations 
DILEP I1 ensures that the insertion loss for a repeater section is within the 

minimurn and maximum insertion loss limits. Even if a repeater is moved to the 
full extent of either the backward or forward margin, the final insertion loss is 
between the minimum and maximum limits. 

loss limit for the repeater section has not yet been reached, DILEP I1 subtracts the 
actual section loss from the permissible section loss. It then attempts to equalize 
the repeater sections to spread this difference over all repeaters between the previous 

When the user requests an RT or a demand repeater (DR) and the insertion 
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5cht.matic: two repeaterless route junctions in a rcpeatered 
xction. :Ill segment numcr+cal values are in dB. 

1 4 , \  2 
JCT 2 

4% 2gz 21 * J g  12 5-9 
JCT 1 

1 7  

AT 3 R T  2 

Run 1 determines losses for junction 1 (RT2 not input) 
Run 2 determines losses for junction 2 (RT1 not input) 

Subtractions yield losses in dB for each segment 

Repeaters 1 and 2 would be input as demand, otherwise the progam may 
change their location yielding different results from m n  1 to run 2 .  

Level differences: 

Junction 1 from RT2 ------------- 18 dB - 17 dB = 1 dB 
Junction 1 from repeater 2 ------- 17 dB - 14dB = 3  dB 

Junction 2 from repeater 2 ------- 13dB - 9 d B  = 4 d B  

Figure 2- 1. Repeaterless Route Junctions in DILEP I1 
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and the current DR points. Groups of repeaters, consisting solely of an RT or a 
DR, cannot be equalized. Because equalization is done on an insertion loss basis 
rather than on a crosstalk basis, the forward and backward margins for a group of 
repeaters will be approximately equal, while the maximum number of Ti lines may 
d d c r  for repeaters in the group. Equalization may cause the locations of the 
repeaters to change if one of the repeaters in the group is respecified as a DR and 
the other repeater sites are left to be calculated by DILEP 11. 

several repeater sections results in each equalzed section having slightly less inser- 
tion loss than the maximum loss for that section. This results in three benefits: 

Equalizing the repeater sections by spreading the insertion-loss difference over 

1. It is desirable to have the actual design loss less than the maximum permissible 
loss. From a transmission point of view, this provides additional transmission 
margins for factors such as high ambient cable temperatures, moisture accu- 
mulation in the cable, and cable manufacturing variations. 

The lower insertion loss provides repeater spacings that can accommodate 
additional T 1 lines without the need to add repeater locations if unforeseen 
growth occurs during the study period. 

The difference between actual loss and maximum permissible loss makes it 
possible to provide backward and forward margins for repeater sites to assist 
the engineer in tailoring the line design to possible physical constraints. 

When actual loss equals maximum loss for all repeaters in a route, the back- 

2.  

3 .  

ward and forward margins will always be zero, and the maximum number of T1 
lines for each repeater section will be no greater than the number specified by the 
user. 

The cable insertion loss limit for the first repeater section is less than the limit 
for a!J other repeater sections because of central office (CO) noise. This CO end 
section consists of the cabling from the main distributing frame to the first repeater 
location. For purposes of repeater spacing designs, fiber hubs that terminate metal- 
lic TI lines on the field side should be considered COS and the first repeater section 
spaced the same as a CO. The insertion loss limitations (Table 2-1) in dB at 772 
kHz apply to digital line repeater spacing using T1 frequencies. 

coefficients in dB per kilofoot for most of the common pulp-insulated conductor 
and PIC cables are given in Table 2-2. 

imum expected temperature and humidity conditions based on  the cable environ- 
ment, i.e., aerial or below ground. For example, the losses are adjusted to  reflect 
maximum temperatures for aerial and below-ground cables of 140" and 100"F, 
respectively. In addition, aerial and below-ground PIC csble losses are increased to 
allow for some transmission degradation due to moisture. KO allowance is included 

Insertion loss factors (at 772 kHz and 55"F), together with their temperature 

In DILEP 11, these losses are adjusted within the program to reflect the max- 
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Table 2-1. Repeater Spacing as Limited by Cable Insertion Loss in d B  at 772 kFIz 

Son-Protected 
Protected Repeater Reuester 

Repeater 
Section 

Adjacent To 
22.0 

Sot  Adjacent 
To The CO 9.2 32.0 9.2 

\laximum 
IBSS (dB) 

33.5 

in DILEP I I  for any moisture in pulp-insulated conductor cable, since any 
sigrdicant moisture would cause it to be inoperative. 

appropriate section in the 626-759 layer of predivestiture Bell System Practices. 
Insertion loss factors for less common types of cable can be obtained from the 

In nearly all instances, the standard insertion losses at the predetermined tem- 
perature and moisture levels specfied above wdl satisfy the input requirements of 
DILEP 11. However, in some cases, Le., very hot or arid climates, more realistic 
factors may be warranted. In these situations, the factors may be adjusted using the 
temperature coefficients shown in Table 2-2, and by adjusting the percent correction 
for moisture content. Then these adjusted factors can be entered in the DILEP I1 
file by using the 10th field (Insertion Loss Factor). 

2.5 Pad Placements 
hlany manufacturers are designing a line build out (LBO) feature into their 

digital loop carrier systems. Usually, a number of different settings are available, 
any one of which can be selected for a given application. Another name for LBO is 
pad, the name used in DILEP 11. Functionally, a pad adds a loss in the T1 section. 
DILEP I1 uses pads for two purposes: 1) to ensure the minimum loss in an end 
section, and 2) to ensure that the signal level mismatch at a repeaterless junction is 
not over the limit (7 .5 dB in this case). The program selects one value of pad out of 
the permissible values as specified at an RT. If more than one pad value can meet 
the requirement, the program selects the pad value that results in the minimum loss 
value or the minimum signal level mismatch at the junction, if the junction is 
repeaterless. If a pad value is not specified, DILEP I1 assumes a 0 loss pad. If one 
pad value is specified, DILEP I1 uses that value. 

2.6 DILEP I1 and High Capacity Digital Service 
The design of the TI repeatered line is the same for HCDS as it is for Digital 

Loop Carrier (DLC) except for the parameters of the customer end section. DILEP 
I1 is essentially designed for DLC systems with a central ofice terminal and RTs. 
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Table 2-2. Cable Losses at 7 7 2  kHz 

CABLE TYPE 
17 AHC 
17 ALC 
17ANC 
17 BLC 
17 KLC 
19 AHB 
19 ALB 
19 ANB,DSB,GSB 
19 BHB 
19 BJB 
19 BLB 
19 BNB,CNB, 

ENB,FNB 
19 AD6 
19 A J B  
to AHD 
to ALD 
to AND 
Kl BLD 
X I  KLD 
22 ADA 
!2 AHA 
!2 N A  
!2 ALA 
!2 AFA 
!2 0DA 
!2 BJA 
!2 BLA 
!2 BSA 
!2 CDA 
!2 KDA 
!2 KFA 
!2 KGA 
!2 KHA 
!2 KJA 
!2 KLA 
!2 SDA 
!2 BHA 

MUTUAL 
CXPAC 

nF/hl I L E 
AT 900 Hz 
83 
83 
83 
83 
83 
83 
83 
66 
83 
83 
83 
84 

83 
83 
83 
83 
82 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 

E S G R  
LOSS AT 
SS’F IN 
d B  kft 

3.18 
3.20 
3.80 
3.20 
3.20 
3.18 
3.20 
3.00 
3.30 
2.90 
3.20 
3.80 

3.90 
2.90 
4.39 
4.40 
5.10 
4.40 
4.40 
5.20 
4.39 
4.00 
4.40 
4.40 
5.20 
4.00 
4.40 
5.10 
5.20 
5.20 
4.40 
4.00 
4.60 
4.00 
4.40 
5.20 
4.60 

T E \ I P  
COEF 

FOR i n - k  
STEPS I \  

dB kft 
0.030 
0.034 
0.028 
0.034 
0.027 
0.030 
0.027 
0.025 
0.034 
0.020 
0.027 
0.028 

0.034 
0.020 
0.043 
0.043 
0.047 
0.043 
0.043 
0.034 
0.043 
0.035 
0.040 
0.040 
0.044 
0.035 
0.040 
0.047 
0.034 
0.044 
0.040 
0.035 
0.045 
0.035 
0.040 
0.034 
0.045 
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'Table 2-2, Csblc 1.osses at 772  kIIz  (Continucd) 

C \ n l  t T\r P F  
22 BSil.CSA 

DS u s A  
22 \SF(24  E Q L  IV) 
24 X D \ l  
24 A K \ l  
21 \ L \ f  
24 ASLI.BSC1 
24 B K t I  
24 CS\I,ES\I 
2 1  DS\I 
24 FS\f 
24 AJ\1 

24 CDLI 
24 DCtl 
24 \fCLI 
24 \lL\.I 
24 P K M  
!6 ADT 
!6 DST 
!6 AKT 
!6 ALT 
!6 AST 
!6 CST 
!6 BST 
16 BKT 
5 AJT 
26 AFT 
26 CDT 
26 DCT 
26 PKT 
COh1 POSlTE CABLES 
L9 CAB 
22 CAA 
23 CA,M 
26 CAT 

24 r\ F I? 

83 

84 
83 
83 
83 
72 
83 
72 
34 
34 
83 
83 
83 
83 
52 
60 
83 
83 
83 
83 
83 
69 
69 
79 
83 
83 
83 
83 
83 
83 

83 
83 
83 
83 

LLGK 
LOSS AT 
55-F  I \  
d B  kft 

5.10 

6.80 
6.30 
5.60 
5 . 5 0  
5.90 
5.58 
5.8s 
6.80 
6.80 
5 . a  
5.50 
6.30 
6.10 
3.60 
3.90 
5.80 
7.80 
8.17 
7.50 
6.90 
6.80 
6.79 
7.70 
7.48 
6.30 
6.90 
7.80 
7.70 
7.30 

3.80 
5.10 
6.80 
8.17 

Lln kft 
0 .047  

0 Oh6 
0.047 
0.033 
0.052 
0.05: 
0.033 
0.057 
0.025 
0.066 
0.048 
0.052 
0.047 
0.055 
0.0m 
0.043 
0.055 
0.059 
0.096 
0.041 
0.067 
0.066 
0.081 
0.093 
0.068 
0.065 
0.067 
0.059 
0.073 
0.068 

0.028 
0.047 
0.066 
0.096 
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T h e  R T s  .m usually part of a long-range plan that has been idcntified well in 
adr.ans!: of rhe detail engineering. €Iowever, IICDS is scn,ice-order-oriented, and 
requirv tk.tt the outside plant engineer build some flexibility into the overall route 

One w'ay to do this is to allow repeatcrless route junctions in a route 
It is :'cq. important to idcntify potential €ICDS customtrs in advance of the detad 
digital <lcsiy of a route. Of course, t h s  is not always possible, so the engineer may 
want :o consider placing repeaters at all junctions initially to allow flexibility for 
unforcsten 1 ICDS orders. 

l.!ie customer end section for HCDS consists of the length of cable from the 
last \in? repcater to the network interface, or SI (separation point between the 
opcrdiing company and the customer), the length of cable from the SI to the 
custoinds nctwork channel terminating equipment (SCTE), and any line build 
out (LBO) or loss pads associated with the SCTE.  Undcr ividely acccpted design 
rules. the total  losses in the three se_ments can be a ma,xhum of 2 2 . 5  dB. These 
same dcsign rules specify that the minimum loss for the three segments is 15 dB; the 
oper3:ing company's portion of the loss can be from 0 to 15.0 dB, whde the 
custoirllr's portion can be from 7.5 dB to the maximum of 22.5 dB. 

..\n IICDS location is identified in DILEP I1 by specifying RT in the input. 
A n y  paids that are available in the customer premises equipment (CPE) may also be 
input (e.g., RT,0,7.5, 15.0). Up to five values may be input after RT with values 
between 0 and 22.5 dB. This is the same as for DLC RTs. The engineer must 
determine what the loss pad values are in the SCTE, and also the cable loss on the 
customer premises. Because several different customers in the same location can 
and probably udl use different equipment with varq'ing loss pad values, the engineer 
must ensure that any repeaterless route junctions wittun a building or industrial area 
do not exceed a maximum of 7.5 dB mismatch. Special attention must also be 
given nhcn designing digital h e s  within the same riser or building tie cable. The 
desired degree of separation may not always be possible in these cables. Vacant 
pairs wdl probably have to be verified in the field. 

and 32 dB for protected repeaters. When designing for HCDS, a reduction must be 
made in the customer or R T  end section if the design rules are to be followed. This 
can be done by using column 11 on the Route Data Sheet. See the explanation in 
Section 3.2 under "Cable Section Information," and the example in Figures 5-8 and 
5-9. 

To reduce this last section, the engineer will first have to  make an uncon- 
strained run to determine generally what the repeater spacing wrll be. Sometimes 
the location of the last line repeater will be more clearly defined, such as a manhole 
near the customer, and the engineer can make the appropriate reduction with the 
first run and demand a repeater at that location. 

2.7 Crosstalk Considerations 

systems that will ultimately be applied in the route. Crosstalk problems may result 

The default loss for an R T  end section is 33.5 dB for unprotected repeaters, 

It is very important to space repeaters initially for the maximum number of 
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i f  the number of systems exceeds the number for ir.hch the ori-ginal repeater spacing 
uas  designed. 

Crosstalk is a function of 

? h e  number of T1 carrier lines in the same sheath 

The relative position of the transmit and receive pairs of the systems in a single 
cable sheath. 

TI carrier transmit and receive pairs should be applied in a single cable sheath 

I .  

2 .  

of the route only. Even though near-end crosstalk (S'EXT) may be i i r tud ly  ..I' im- 
inatcd and repeater spacings increased in twin (two cables, one apparatus case for 
both directions of transmission) cable sheath routes by assigning transmit and 
receive pairs in separate cable sheaths, t h s  design is discouraged for thrte reasons. 

1. 

2 .  

Cable splicing is complicated at repeater points and RTs 

The gauge of future cable additions may be unnecessarily dictated by these 
repeater locations 

Future cable removal options in the he-gauge  area may be lirmted. 3. 
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3. ETTING STARTED 

3.1 Jesign Procedures 
l-hc step-by-step procedures, 3s o u t h e d  below, provide an orderly approach 
taining the input information necessary for running the DILEP I1 program. for t 

\-iep 1 - Prepare the Schematic 

:ep 2 - Facility Selection and Cable Layups 

Step 3 - Digital Line Pair Selection 

Step 4 - Record Selected Pairs on the Schematic. 

Stcp 1 - Prepare the Schematic 

Prepare a schematic (Figure 3- 1) of the route showing the following informa- 
tion 

I .  

2 .  

3. 

4. 

5 .  

6 .  

7 .  

Cable code, e.g., BK,M or BKhlA. Show 3- or 4-letter code. (If the cable is 
reclaimed or  screened, the fourth letter becomes "X" or 'S", respectively.) Also 
indicate the pair size for each cable section. 

Length of cable section, if it exceeds ten feet. (For sections less than ten feet, 
include with adjacent cable section.) 

Cable pressurization status of each cable section (pressurized or non- 
pressurized) 

Type of construction (aerial, buried, or underground) 

Proposed and future RT locations 

Ultimate number of TI lines in each repeater section 

\lanholes that are potential repeater sites. Show cumulative distance from CO 
to manhole location. 

Post the cable section numbers on the schematic, starting with the number 1 
adjacent to the CO and numbering consecutively to  the end oT the digital line. The 
CO is designated as cable section 0. 

Step 2 - Facility Selection and Cable Layups 

the T1 digital line. These can include the following items for each cable sheath: 
There are many considerations in selecting the facilities in which to construct 

1. Type (PIC, pulp, waterproof, etc.) 

2. Sue (total number of pairs, and number of pairs in the splicing units) 

3. Core cross-section configuration (layup) 
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4, :\ge of the cable 

5 .  Pressurization 

6. 

7 .  Rearrangement and maintenance history 

8. 

9. 

Compatibility \vith othcr scn.iccs thJ t  may be dcvclopcd in the future 

Proposed usc (exchange-express feeder, feeder, distribution, etc.) 

Susceptibility to interruptions from various sources. 

The cable pairs within the sheath must be conditioned for T 1 digital senice. 
:Ul bridged taps, load coils, and build out capacitors must be remotred. \Vhen con- 
ditioning the pairs, considcration should be given to selecting enough pairs to fully 
splice in the apparatus case. 

reclaimed, waterproof, and aluminum conductor cables can be used. 

is designated \IC\f (air core ICOT) and >fL\I (waterproof ICOT) in DILEP 11. 
This cable, or its equivalent, is used for obtaining longer repeater spacings than con- 
ventional 22-gauge cable whde using less copper (24-gauge). The area to be served 
by low-capacitance cable should be clearly defined, since this type cable should be 
considered a digital carrier fachty rather than a general relief cable. The cable sheath 
should serve a digital fachty such as an R T  site or  customer premises where a pre- 
valent portion of the serving fachty is to be digital carrier or  services. 

There are stringent rules to be followed in the design of low-capacitance cable 
facdities. It  is recommended that the facihty extend to the RT.  If that is not possi- 
ble, one interface is permitted between the low-capacitance cable and conventional 
capacitance cable (83 nF per d e ) .  The interface is made at a repeater point and 
low-capacitance-type repeaters are used at that point. After the interface, conven- 
tional capacitance repeaters are used at repeater points in the 83 nF cable. \fax- 
imum length sections may be used on both sides of the interface. 

DILEP I1 will print a system error diagnostic message when low-capacitance 
cable is used. This is to alert the engineer that this design is nonstandard, and that 
caution is needed when mixing with standard cables. This message is shown in Sec- 
tion 7, Table 7-3. 

In d e s i m g  digital loop canier systems that will utilize existing air core PIC 
cable, attention should be given to the possibility of water in the sheath. Water 
causes problems due to its effects on corrosion rates and transmission. Water also 
causes an increase in the mutual capacitance of the cable pairs. 

pounds. The capacitance increase is less with reclamation compounds than with 

Sonstaggered tu.ist cable is not suitable for TI digital lines. Lou-capacitance, 

One type of low-capacitance cable that can be used in the loop is ICOT.TM It 

One way these sheaths have been recovered is by the use of reclamation com- 

ICOT is a trademark of AT&T. 
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Lvater, but is stdl geater than dry cable. Therefore, the insertion loss of the cable 
will be grcater. A reclaimed cable sheath is cared for in DILEP I1  by the use of an 
Y 3s the fourth letter in the cable code. X cable code such as . . l€blX uill increase 
the loss of that section by 35 percent. 

Any cable containing water or moisture, and a n y  reclaimed cable, should be 

Table 2-2 shows the cable types that are available in DlLEP I1 as of this issue. 

considered last for the T1 digital facility. 

The type is shown in column 1; capacitance in column 2; loss in dB per kft in 
column 3; and steps of 10 degrees in dB per kft in column 4. \Vhen using a cable 
from a manufacturer, or a superceded cable type, with coding not found in Table 
2-2, the electrical characteristics can be matched to a sheath type listed in the table 
and that sheath type entered. For instance, if pulpinsulated aluminum conductors 
are encountered, use a code representing a pulp-insulated copper conductor cable 
t\vo gauges smaller that is equivalent in electrical characteristics. The standard 3- 
letter code from Table 2-2 for PIC aluminum cable may be used when that type of 
cable is encountered. 

T h e  temperature steps are useful when higher-than-normal temperatures are 
expected. Column 10 of the Route Data Sheet can be used in these cases. 

A n y  number of analog multichannel subscriber carrier systems (such as 8- 
channel carrier) are compatible with up to five active digital pairs (either transmit or 
receive, and including spare digital pairs) in the same 8-, 9-, 12-, 13-, and 25-pair 
units of PIC cable or in 6,  1 I - ,  16-, and 2.5-pair PIC cable. For adjacent and 
nonadjacent units in PIC, and in all cases for pulp-irisulated cable, there are no 
interference constraints. As an example, if five TI digital lines (ten pairs) are to be 
served through a 25-pair cable, then no analog subscriber carrier is allowed in that 
cable. 

If subscriber TI digital lines are to be in the same sheath with trunk TI lines, 
the subscriber apparatus cases must be in the same location as the trunk apparatus 
cases. It is not recommended that one apparatus case house both subscriber and 
trunk TI repeaters. 

Indicate the cable layup and the pair unit size on the schematic, e.g., 8, 9, 11, 
12, 13, 16, 17, 25, 50, or  100. Layup is defined as a cross-section view of the 
number of pairs assembled in a unit, and the arrangement of the units as they are 
combined to form unit-type constructed cable. It may also be a view of the number 
and arrangement of pairs in a layer-type constructed cable. 

Spacing of repeaters on the digital line is govemed both by cable layup and by 
the relative location of the transmit and receive pairs. The transmit and receive 
pairs may be assigned within the same unit, adjacent units, or nonadjacent units. . 
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figure 3- 1. Example Schematic 
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Step 3 - Digital Line Pair .%+ction 

tal h i e s  to ensure that maximum margin or maximum repeater spacing, depending 
on thc Jcsign phdosophy crnployed, is achieved. The cable pairs uscd for the two 
Jirections of transmission should be physically separated as much as practicable to 
minimize the crosstdk influence of other digital lines in the same cable sheath. 
Consequently, the first choice for the transmit and receive pairs would be in nonad- 
jacent pair units, the second choice would be in adjacent units, and the last choice 
u.ould be in the same pair unit. 

rlchieving maximum send and receive pair separation (nonadjacent pair unit) 
in digital loop carrier system applications is dficult ,  since these systems prove most 
sconomically attractive ncar the extremities or on rural routes where small sized 
Lables are encountered. Sonadjacent pair unit separation can be achieved only in 
larger pair sized cables ( 1  50-pair and larger, even count PIC cable, and 300-pair and 
larger pulp-insulated conductor unit-type cables). 

M'hen describing the selection of pairs for transmit and receive in a digital 
span, the terms "layup," "pair unit,"and '%binder group"will be used in various pub- 
lications. L a p p  has bcen defined as a cross-section view of the number of pairs 
assembled in a unit and the arrangement of the units as they are combined to form 
unit-type constructed cable. It also may be a view of the number and arrangement 
of pairs in a layer-type cable. Binder groups and pair units are terms that have been 
used interchangeably. They both are bound with a distinctive ribbon and have a 
fixed number of pairs. For this User Guide, binder group means an entity that 
maintains the same positioning in the sheath in relation to all other binder groups. 
In multiunit cables, the units and subunits spiral as they are combined in the cable 
manufacturing process. Subunits that may appear to be nonadjacent and are in 
dflerent rings might became adjacent as the units spiral around the core and inner 
Mg.  In the manufacture of cable, units may be slipped a mzximum of one unit. 
For example, in a 400-pair cable, the 126-IS0 binder group could become adjacent 
to binder group 351-375. 

It is very important, when choosing binder groups or pair units, to ask your- 
self, "Does this particular entity keep the Same position in the sheath in relation to 
other entities, and will the desired pair separation be achieved throughout the length 
of a particular piece of cable?" Also, it is important to pick pair units or binder 
groups that will allow the maximum number of T1 lines within the sheath for the 
type of separation that is initially chosen. 

In selecting pairs, be careful to ensure as much separation as possible in the 
smaller cables (less than 50 pairs) at the extremities of the route. Select pairs in the 
outer ring and try to  achieve a minimum of 2-pair separation between the send and 
receive pairs. 

Careful attention must be given to the s p e d c  pair assignments made for digi- 
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The following rules, applicable to evcn-count PIC cables, will rcsult in maximum 
repeater spacing: 

I .  Do not use sheath pairs I -  12 in 50-pair cables. 

2 .  Do not use sheath pairs 1-25 if the starting point involves a 75-pair or  larger 
cable. 

3. If the starting point is in a 75-pair cable, the transmit and receive pairs should 
be selected from the fotlowing units: 

26-37 and 51-62 
26-37 and 63-75 
38-50 and 63-75 

4. If the starting point is in a 100-pair cable, the transmit and receive pairs should 
be selected from the following units: 

26-37 and 76-87 
38-50 and 76-87 
38-50 and 88-100 

In general, 50-pair units are the smallest found in 22-, 24-, or  26-gauge non- 
PIC cables larger than 100 pairs. \lost 19-gauge, non-PIC cables are assembled in 
25-pair units. &.'hen layer-type cables are encountered, 25- and 50-pair cable sizes 
are to be considered as 25- and 50-pair unit cables, since they have the same 
crosstalk characteristics. 

,Most 7.S-pair layered and some 100-pair layered cables are constructed as a sin- 
gle unit. These cables should be considered as 50-pair unit cables. The larger size 
layered cables are constructed with either 50- or 100-pair splicing groups, and these 
cables should be treated the same as 50-pair unit type, since both 50- and 100-pair 
layers have S E X T  coupling losses comparable to  50-pair unit cable. 

In layered cables, when transmit and receive pairs are assigned in nonadjacent 
splicing groups, treat t h s  cable in the same manner as though the pairs are assigned 
in nonadjacent units. Similarly, treat a cable that contains transmit and receive pairs 
in adjacent splicing groups as though they are assigned in adjacent units. However, 
if ten or more subscriber carrier systems or an equivalent number of DS- 1 circuits 
are contemplated in the planning period, pair assignments in adjacent splicing 
groups must be treated as though they are within the same unit. 

In a 900-pair layered cable, adjacent group assignments are, for example, in 
counts 1-100 and 101-200 and nonadjacent group assignments are in counts 1-100 
and 201-300. Sotice that to be nonadjacent, groups must have no pairs in adjacent 
layers. For example, counts 301-400 and 501-600 do not qualify as nonadjacent and 
must be considered as adjacent. 

When only the pair size, gauge, and year of placement are known, the "1a)up" 
can be estimated by referring to the predivestiture Bell System Practice 
BSP 626-759-400, Superseded Exchange Cables. 
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The 13 ;cries of PIC cable is currently produced in various pair unit sizes. 

1. I he layup design was changed in 1964 from 2S-pai1 binder groups assembled 

' lhe la jup is the basis of 5'0-pair "multiunit" constructed PIC cables in some 
of the 200- through 900-pair sizes. 

I xrge quantities of manufacture-discontinued PIC cable containing 8- and 9- 

In 3- ,  8-, and 9-pair units to 12- and 13-pair units. 

2. 

pair units are in service, as well as lesser quantities of 13-, 17-, and 5'0-pair units. 
With the redesign in 1964, no change was made in the code ( R K  or B H )  that 
identifies this type of cable. 

Step J - Record Selected Pairs on the Schematic 

Trace the selected pairs back toward the CO, and record on the schematic the 
separation status of the transmit and receive pairs in each cable section (same, adja- 
cent, and nonadjacent units). All the information that is needed to prepare the 
Route Data Sheet is now on the schematic. 

3.2 Preparing the Route Data Sheet 
A Route Data Sheet (Figure 3-2), which must be prepared for each route, is 

the primary input for the DILEP I1 computer program. It should be used to  design 
or venfy repeater spacing for TI digital lines. 

tions, and 35 route junctions for a single route. If any of these limitations need to 
be exceeded for a particular route analysis, the study route must be divided into two 
separate route segments, using any RT site or route junction as the separation 
point for the two segments. 

DILEP I1 stores data on many different cable codes (cable types). One of 
these codes (which are listed in Table 2-2 )  must be used. 

The Route Data Sheet provides the same basic information as the route 
schematic, but in tabular format. A properly filled-in sheet provides the following 
basic types of data: 

DILEP I1 is capable of handling up to  LOO cable sections, 50 manhole loca- 

Title information 

Cable section information 

RT and DR requests 

Manhole locations. 

Title information 

Two kinds of title information are provided on the Route Data Sheet: 

1) FILE NALME -This identifies any particular data file among all possible 
data files being stored in the user's storage area. Use of this information is 
covered ir Section 4, Running DILEP 11. 
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2 )  ROC'TE DESCRIPTIOS - T h e  route dcscription line ("title'-), if specified 
by the user, will appear at the top of the printed listing after the +**DIGI-  
T;\L 1,ISE ESGISEERISG PROGR.-lhl*+* heading. The same 
dcscription uill appear each time the problem is run unless the user subse- 
quently changes i t .  

Cable .Section Information 

The required data for each cable section (100 sections maximum for each route 
or route segment) is given on a line across the first nine columns of the Route Data 
Sheet. Co1uvu-x 10 and 1 1  are optional. The contents of each column, in order by 
number as given on the Route Data Sheet (Figure 3 - 2 ) ,  are: 

( 1 )  Cable section numbers, numbcred consecutively from the central oifice (CO), 
starting with one. 

( 2 )  Previous cable section numbers, starting with zero for the first section line on 
the sheet. 

( 3 )  Ultimate number of active TI h e s  (Le., those to be installed in the cable sec- 
tion during the planning period plus any already in the same sheath). 

(4) Length of the cable section in feet, if more than ten feet. (Sections less than 
ten feet should be included with an adjacent cable section.) 

(5) Type of outside plant construction, Le., aerial (A), buried (B), or under- 
ground (U). 

(6) Pressurization code for each cable section, i.e., pressurized (P) or nonpressur- 
ked (N). 

(7) Cable code - three or four letters; if the cable is reclaimed or  screened, the 
fourth letter becomes X for reclaimed, S for screened. 

(8) Relative pair-unit separation between transmit and receive pairs, i.e., same 
unit (S), adjacent units (A), or nonadjacent units (N). 

(9) Pair-unit size (number of pairs per cable unit) - 8, 9, 11, 12, 13, 16, 17, 25, 
50, or 100. 

(10) Insertion loss factor in dB per kilofoot. User inserts a value in this column 
only if he/she wants a factor other than the normal value given in Table 2-2. 

(1 1) Loss limit reduction in dB. The user inputs a value up  to a maximum of 23 
dB in this column only for those sections (if any) where the loss limit is to be 
reduced. 
HCDS T1 line, and all protected repeaters were being used, the loss reduction 
value entered in column 11 would be 9.5 dB. This would limit that section 
to 22.5 dB, which is the design limit for HCDS (32 dB - 9.5 dB = 22.5 dB). 
If nonprotected repeaters were used, the loss reduction value entered in 
column 11  would be 11 dB for the same HCDS line (33.5 dB - 11 dB = 22.5 
dB). 

For instance, if the section were the customer end section of an 
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RT Locations 

Remote terminals (R'I's) should be indicated in column one of the Route Data 
Sheet. (See Figure 3 - 2 . )  For an RT cntr), the allowable pad values are entered in 
columns tbvo through six for a maximum of five pad values. If no pad \dues  are 
entered w.ith an RT,  the program will not place a n y  pads at that RT. 

DR Requests 

data for two cable sections. That is, on the Route Data Sheet, each DR entry is 
made on a scparate line following the h e  containing the number of the cable sec- 
tion in which the DR appears. Consequently, if the uscr plans to run the route ini- 
t i d y  without any DRs and later rerun the route with DRs at predesignated sites 
(e.g., at loading coil sites), he:she should sectiondue the route so that dl loading 
coil sites fall on cable section boundaries. DRs and RTs cannot be placed at the 
end of the same cable sections. 

Requests for DRs must always be made on a separate line placed between the 

For a DR entry in column one, the cumulative distance in feet from the CO is 
entered in column two. ( I f  the DR is at the end of the cable section, no entry is 
needed in column two). If the DR distance, as entered by the user, falls w i t h  a 
cable section (as opposed to the end of the cable section), the program will create 
new cable Zection numbers. 

\fanhole Locations 

ground cables, if desired. If a repeater must be placed on an underground cable, the 
DILEP I1 program w d  locate it at one of the specified manhole sites, if at all possi- 
ble, and mark it with the letters 1IH on the output. BuJ, if a repeater must be 
placed on underground cable and no manhole sites or a n  insufficient number of 
manhole sites are given to allow all required repeaters to be located at specdic 
manhole sites, DILEP I1 will determine the repeater sites and mark them as needing 
new manholes with the letters S.M on the output. 

Manholes need not be located at cable section boundaries. For example, it is 
possible to have several manhole sites within any single cable section. On the 
Route Data Sheet, manhole sites can either be interspersed with the cable sections 
with which they are associated, or "bulk" entered following a number of cable sec- 
tions. They must, however, be given in sequence, starting with the manhole nearest 
to, and ending with the manhole farthest from, the CO. Furthermore, if a route 
junction occurs, all manholes for the fmt branch of the route must be given prior to 
the start of the cable section information for the second branch of the route. 
Manhole information for a branch cannot be given prior to the start of cable section 
information for that branch. 

On the Route Data Sheet, the user designates a manhole by entering the letters 
>iH or ,M in column one, and the cumulative distance from the CO to the manhole 
in column two. A maximum of SO manholes can be specified for each route or 
route segment. 

Manhole locations suitable for repeater installation may be given for under- 
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Alternatives and Options 

Data Sheet, the letter S as the fourth letter of the cable code. ;Use, the user must 
specify- the pair unit separation as nonadjacent (letter S in column 8 of the Route 
Data Sheet, Figure 3-2) so that DILEP I1 will recognize the cable as screened. 
DILEP I1 assumes a 1.5 dB SUEXT advantage for screened cable; therefore, 
apparatus-case crosstalk (ACST) and far-end crosstalk (FEXT) are the controlling 
types of interference in this situation. 

When reclaimed cable is used in the route, the user must enter the letter !i as 
the fourth letter of the cable code in column 7 of the Route Data Sheet. This will 
cause a 35-percent increase in the DILEP 11-provided insertion loss per lulofoot, 
since reclaimed cable has a hlgher capacitance than nonreclaimed cable. 

for the insertion loss per kdofoot. If the cable loss is known to d a e r  from the 
default value, the user may override the default value by entering the desired value in 
column 10 of the Route Data Sheet. If the insertion loss per kdofoot is given, it 
may contain a decimal point. 

n e  situation may arise where the user would like to decrease the Iw limit of 
only one, or  some, of the sections of the digital h e  (e.g., to compensate for power 
line induction, or to limit the customer end section of an HCDS circuit). To do 
this, the DILEP I1 user enters the desired h t  in column 1 1  of the Route Data 
Sheet. The reduction'amount must be a number between 0.0 dB and 24.0 dB. If 
the user does not ovemde the insertion loss per lulofoot in column 10, but enters 
the loss reduction in column 11,  co~umn 10 must appear as ,, (two cornmas 
without a n y  space between). 

thr: default cable insertion loss. If the user wishes to both override the default inser- 
tion loss, and speclfy a reduction, the insertion loss must be specified first. The 
reduction, if used, must always be the last item specfied for the cable section. 

If  a section of cable is screened, the user must enter, in column 7 of the Route 

\$'hen composite cable is used in the route, DILEP I1 supplies a default value 

7 3 1 s  reduction is an option that behaves much l k e  the option of overriding 
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4. RUNNING DILEP I1 

4.1 Run Types 

as discussed below. 

Automatic Run 

DILEP I1 can be used to provide either an automatic run or a constrained run, 

The automatic run provides outputs specifying the proposed repeater sites. 
The dormat ion  input for this concerns the cable sections and the locations of 
r:mote terminals and manholes. It provides optimal repeater spacing for the loop 
carrier system, but ignores any special engineering considerations; consequently, it 
rndy place repeaters at impractical locations, such as at 3 busy intersection or in the 
rruddle of a river. If  one or more repeaters are needed in underground plant, 
DII.EP I1 w d  place them at user-specfied manhole sites, if possible. If the uscr has 
not <pecdied manhole sites within underground plant, DILEP 11 will place, at 
optirnal locations, the fewest repeaters required to acheve the transmission objec- 
tives. 

The automatic run output provides the outside plant engineer with a basic 
design that can then be adapted to meet specific boundary conditions. Junctions 
not needing repeaters wlll be identified whenever the repeaterless junction option is 
selected. They may not be in the optimum location. For instance, the outside 
plant engineer may elect to have no repeaterless junctions in the backbone feeder. 
Further, it should be kept in mind that a repeaterless junction could necessitate the 
future placement of more repeaters on legs of the junction. 

Constrained Run 

The constrained run permits the engineer to specify some or all of the repeater 
locations needed to meet specific conditions. These specdied repeaters are called 
demand repeaters. The program then uses location data (for demand repeaters, 
remote terminals, and manholes) and cable-section data to determine any additional 
repeater sites that are needed to satisfy the digital line transmission requirements. 
Once again, the program may identlfy junctions without repeaters, if that option is 
used. 

In general, the user should begin by making an automatic run to determine the 
minimum number of repeaters needed for the route. The user can then use con- 
strained runs, inserting DRs to meet specific conditions, until a satisfactory design is 
developed. To place repeaters at a junction, identified as a repeaterless junction by 
the program, the user should make that location a DR. 

4.2 Establishing a Computer Connection 

be initiated to enter the data into a data file that can be processed by DILEP 11. 
The user must first establish a communications link with the computer. This is 
done by dialing an appropriate telephone number and then performing the logon 

Once the engineer has prepared the Route Data Sheet, a terminal session can 
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procedure. Once logged on, the user c m  create a file containing the Route Data 
Sheet dormation.  

4.3 System Cues 
r\ system cue is an acknou.ledgemcnt from the Time Sharing System (TSS) 

that i t  is ready to acccpt input data. T h e  cue varies among systems and terminals, 
but aluays means the same thing. Throughout this Ilser Guide the "geater-than" 
symbol ( > ) is used to indicate the s } w m  cue. The user may input data anj7vhere 
on the line after the system cue. 

The user signals the TSS at the end of each line of data by depressing the 
R E T L R S  key on the terminal keyboard. The user must then ivait for the systcm 
cue before typing a new h e  of data. 

4.4 Entering Data 
Once logged on, the u w  must enter the input mode by tlping the command 

CREATE after the system cue and depressing the RETI IRS  key (as described in 
the RDES Lser Guide) to create a dsta file. The system wlll respond with the Lvord 
FILES.-OIE? and a systcm cue. The user will then enter the name of the file 
irhere the data is to be stored. The system ydl respond with the word ISPCT:, fol- 
lois.ed by another system cue. 

Figure 3-2 is an example of a Route Data Sheet, prepared from the schematic 
shown in Figure 3- 1 ,  and Figure 4- 1 is an example of how the data input session 
should appear on the terminal. Refer to these two figures for a better understanding 
of how to enter the dormat ion  from the Route Data Sheet into the data file. 

!'hen the system indicates that it is in the input mode, the user can begin 
cntering data, copying h e - f o r - h e  the information on the Route Data Sheet. Each 
item of dormat ion  on a line on the Route Data Sheet must be separated by a 
c o m a  as it is typed and each h e  of data from the Route Data Sheet must be 
typed on a separate line. 

Title and manhole information must begin with the letter T or  11, and cable 
section information or  requests for RTs or DRs may start at any print position after 
the system cue (spaces are ignored in these cases). 

When all data on the Route Data Sheet has been entered, the user must 
transfer from the input mode to the edit mode. This is done by depressing the 
R E T C R S  key after a system cue without entering any data. At this point, the user 
may use any of the editing commands provided by the TSS to make additional 
corrections in the data file. It is recommended, however, that the edit commands be 
restricted to the following eight: LOCATE, CHASGE, PRIhT, QUIT, DELETE, 
FILE, REPLACE, and ITSSERT. These commands are the only ones guaranteed to 
be supported by DILEP 11. 

When the user has checked the accuracy of the data file, that file should be 
saved in the user's storage area by typing the command FILE after the system cue. 
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Table 4- 1 provides condensed instructions for creating a ne3.v DILEP 11 data 
file. Table 4-2 has condensed instructions for editing an existing IIILEP I1  data file. 

Table 4-1. Simpldied Data Entry Instructions - Create a Sew File 

USER B P L T  
1. logon 

2. >CREATE 

3.  >filename 

4. > T  sample 

> dara.data 

> rt ,pad,pad 

> &,distance 

> m.distance 
or 

mh ,distance 

> RETURN 

SYSTEJf RESPOXSE 
SEXT? 

FILESAXlE? 

S E W  F I LE : 
EDIT: 
IXPUT: 

> 

> 

> 

EDIT: 

SEXT? 

R E h I A R K S  
Follow local LOGON procedures. 

RDES is now in input mode. 

Enter the name of the file to be 
created. RDES is ready to accept 
DILEP [I data recorded on the 
Route Data Sheet. 

Enter the title of the DILEP 11 prob- 
lem. Enter the T as the first item 
after the system cue (no spaces 
between > andT) .  

Enter the data, line-by-line from the 
Route Data Sheet. Type a c o m a  
between each item. 

Enter a maximum of five R T  pad 
values after RT. These must consti- 
tute the only entry on the line. 

When entering a DR, it must be the 
only entry on the Line. 

When entering a manhole location, 
it must be the only entry on the 
line. 

Depressing the RETURN key after 
the system cue is displayed puts 
RDES in the edit mock. ,Make 
changes to the data, ifnetded, using 
the DILEP 11-supported commands. 

Typing “file” causes the file just 
m a t e d  to be stored in the user’s 
storage area. 
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Table 4-2. Simplified Data Entry Instructions - Edit an Existing File 

USER ISPUT 
1 .  logon 

2. >ACCESS 

3. Bfiilename 

SEX?‘? 

1: I LE Sl\hl E? 

ED IT: 

> 

> 

> 

ED IT: 
> 

SEXT? 
> 

RE \ I .A R KS 
Follow local LOGOS procedures. 

Enter the name of the file that \vas 
created in a previous session. 

RDES is now in the edit mode. Use 
any DILEP 11-supported editing 
commands to make changes to the 
file. 

L‘ser can now continue editing the 
file, if necessary. 

Typing “file” causes the edited file to 
be stored in the user’s storage area. 

4.5 Running the DILEP I1 Pro, 0 ram 

gram may be run to analyze the route by performing the following steps: 
When the user has completed building the problem file, the DILEP I1 pro- 

After the SEXT message and system cue from the TSS, type the following 
request: 

1. 

> dilep 

2 .  The program udl respond with the question: 

DO YOU WAST TO R C S  DATA CHECK, STUDY OR QUIT? (ESTER D, S OR Q) 

The cue > w d  be retumed so that d, s, or q may be entered. If d (DXTX- 
CHECK) is entered, the program will ask: 

EhTER FILE SAME: 

The cue > will again be retumed so that the name of the data file to be 
checked can be entered. Once the DATACHECK has been completed, the 
message: 

YOUR FILE HAS COMPLETED DATA CHECK 

will appear if there are no errors. If there are errors in the data file specified, 
DATACHECK will return error messages indicating the errors that must be 
fixed before a study can be done. See Section 7 for detailed descriptions of the 
error messages. 
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3 .  Once 3n error-free DA.\'rl\CllECK has been perfonncd, you arc ready to con- 
iiuct a study. Once again, type DILEP after the system cue. 

> dilep 

1. 'The system will respond with: 

DO YOU W'AhT TO R 1 . S  D.-\T.AClIECK, ST1,'I)Y OR QLIT? (ESTER D, S OR Q) 

I f  you wish to conduct the study, enter an "s" aftcr the system cue. 

> s  

The system will respond by asking for the filename. 

ESTER FILE SAJIE: 

Enter the filename after the system cue. 

>jlename 

5 .  .,It this point, DILEP I1 prompts the user to answer the following questions: 

SOO-TYPE APPARATUS CASE? ( Y  OR S) 

If the user answers Y or YES and specifies an 800-series apparatus case, 
the loss caused by apparatus case crosstalk is virtually eliminated. \ h e n  using 
any other type of apparatus case, an S or NO is entered. Of course, if a par- 
ticular manufacturer's apparatus case is known to have the same crosstalk 
elimination characteristics as the 800 series, a YES is entered. 

ALL PROTECTED REPEATERS TO BE C'SED? (Y OR h? 
If surge-protected repeaters are to be used, a Y or YES is entered. The 

loss limit of all sections except the first will be reduced by 1.5 dB (e.g., from 
33.5 to 32.0 dB). The reduction for the f h t  repeater section will only be 1.0 
d B  (e.g., from 23.0 dB to 22.0 dB) because there is no surge-protected repeater 
ar. the input end to add the other 0.5 dB. 

REPEATERS AT ALL JCXCTIOSS? ( Y  OR h') 
If the user desires repeaters at every junction, a Y or Y E S  is entered. 

\\'hen an N or SO is entered, the program will attempt to mdximize the 
repeater spacing by utilizing repeaterless route junctions whenever possible. 
The  maximum signal mismatch is 7.5 dB at the repeaterless junction. Succes- 
sive runs can be made, answering Y or N, to deternine if less repeaters are 
specified by the repeaterless route junction option. Usually, this option will 
give less repeater points; however, because every design is dflerent, this may 
not always be the case. If a design gives the Same number of repeater points 
with either option, it is usually desirable to place the repeaters at junctions. 
Unforeseen future T1 lines entering the sheath can then be cared for by using a 
less complicated design procedure. 

CHASCE LOSS LI;\.IIT! (Y OR N) 
If an S or  SO is entered, the program will calculate the section losses 

based on the upper default values of 32.0 dB (protected repeaters) and 33.5 dB 

PROPRIETARY - BELLCORE ASD AL'THORIZED CLIENTS OSLY 
See proprietary restrictions on title page. 

4- 5 



BR 902-200- 120 
Issue 2, August 1987 

(nonprotected repeaters). I f  a Y or YES is entered, DILEP I1 asks: 

TO IiHA’l? 

The user then cntcrs a value betuccn 20.0 d B  and 33.5 dl3 for nonpro- 
tccted repeaters, and a value bctu.cen 18.5 dB and 32.0 d B  for protected 
repeaters. A statemcnt is then printed: 

LOSS LIllIT IS SOIV X X X X  LIB \l.AXI\IC\l. 

This has the effect of changing the upper loss limit of all sections. If a 
value less than 20.0 dB (18.5) or more than 33.5 dB (32.0) is entered, a system 
diagnostic message WLU occur, and the uscr u.iU have to enter the correct value. 
Entering 33.5 dB or 32.0 d B  ii.ill  have no cffect because these are the dcfault 
values. 

This option is useful if a company’s policy is to use repeater section 
losses less than the default. Ths option Lvould also be useful if the entire 
route consisted of cable that was subject to either moisture or induction and  
additional loss mar-& \vas desired. 

analyze the route and retum the d o n n a t i o n  on the proposed repeater sites. 
DILEP I1 always processes problem data in real time, i.e., the repeater sites 
are determined whde the user is still at the terminal, and the results are 
immediately retumed to the terminal. 

Immediately after the interactive session for options, DILEP I1 XVIU 

PROPRIETARY - BELLCORE A S D  ALTHORIZED CLIESTS OSLY 
See proprietary restrictions on title page. 



B R  902-700- I20 
I S S U C  2 ,  i l u p s t  1987 

SEST? 
>create + SOTE I 
F I LE %.A 51 E' 
> e..rample 1 
S E U '  FILE: 
EDIT: 
ISPLT: 

> t alpha route I 
> 1.0,75,~000,u,p,admc.n, 100 
> m,2200 
> m,4000 
> 2,1,75,lZJOO,u,p,dsac,n,jO 
> m,  1 I200 
> m, 16400 
> 3.2,75,300O,b,n,bhag,n,jO 
> 3,3,55, SJOO,a,n,bhaa,a,Zj 
>r t ,O ,7 .S  + SOTE 2 
> 5,3,15,1?50,a,n,bhaa,a,25 
>rt,0,7.5 + SOTE 2 
6,3,20,5OO,b,n,alaw,n,50 

> 7,6,20,13500,a,n,bhaa,n,25 
>rt,0,7.5,15.0,22.5 + SOTE 2 
> e S O T E 3  
EDIT: 
>file + S O T E 4  
SEXT? 
> DILEP or QUIT +SOTE 5 

SOTES 0.V T H E  ABOVE DATA FILE: 

Kote I :  

bo t e  2: 

\o te  3: 

Yote 4: 

Yote 5: 

T h e  user en ten  the input mode to create a new data file. 

T h e  program will use one  of these values, depending on the requirement. 
Given a choice, the program will select the value which gives the least level of 
signal difference. 

T h e  user depresses the R E T U R S  key without data input to enter a null line 
and transfer to the edit mode. T h e  user may make changes to the data file 
while in this mode. 

T h e  user saves the data file in his o r  her storage a r e a  

T h e  user may either request that the DILEP I I  program be run, or quit the 
session at this point. 

Figure 41. DILEP I1 Problem Route Data File Creation 
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5. I N T E R P R E T I N G  T H E  D I L E P  I 1  R E S U L T S  

5.1 General 
DILEP I1 analyzes the route problem data the user has previously stored in ~1 

input data file, and provides two types of output - route description data (based on 
cable sections) and repeater section data (based on the serics of cable sections 
between repeaters). 

5.2 Route Description Data 
The following descriptions d e t d  the information f0ur.J in the Route Dcscrip- 

The title of the route problem. 

tion portion of the DILEP I1 program output: 

1. 

2. For each cable section: 

the nine items of data entered by the user from the input data file for 

the insertion loss factor being employed (default or s p e d e d )  

the insertion loss lirmt imposed on the repeater section by that cable 

the simplex loop resistance in ohms 

the cumulative simplex loop resistance from the CO to the end of the 

the cumulative distance from the CO to the end of the section. (The 

that cable section 

section 

simplex loop resistance may be used in the design of repeater powering.) 

The abbreviated headings used for the section data on the printouts are: 

SEC (cable section number) 

PRV SEC (number of the previous cable section) 

T1 LINES (number of T1  lines specified by the user) 

SEC LEN (cable section length) 

TYP PLT (type of outside plant construction) 

P N (pressurized o r  nonpressurized) 

CA CODE (cable code) 

PR SP (pair unit separation) 

LSIT SIZE (number of pairs in each cable unit) 

DBiKFT LOSS (loss at 772 kHz, from stored DILEP I1 data file) 

LOSS LIMIT (the maximum loss allowed in a repeater section that 
includes the type of cable used in this cable section) 
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RESIST (simplex loop resistance between repeaters) 

CL\l  RESIST (cumulative simplex resistance between the CO and the 

CUhl LESGTII (cumulative distance from the CO to the end of that 

repeater) 

cable section). 

3. R T  and DR locations in their input sequence among the cable section 
numbers. 

(1 separate list of the manhole locations that were input as potential repeater 
locations. 

4. 

5.3 Repeater Section Data 
The repeater section data is given in parts. Each part spans a series of cable 

sections along one of two possible path types: 

From the CO to the end of the first branch of the route, or 

From one junction to the end of any branch of the route other than the first. 

For each repeater section, the d o m a t i o n  is given under the following headings on 
the printout: 

REPEATER (the number of the section, followed by a code designating a 
special repeater, if applicable. The codes can designate a remote terminal 
[RT], demand repeater [DR], manhole [MY],  new manhole (Sbl], or  repeater- 
less junction [JCT).) 

site) 

feet) 

DISTASCE FROM CO (the distance in feet from the CO to the repeater 

SECTION LENGTH (repeater section length - distance between repeaters - in 

DESIGN LOSS (DB) (the design insertion loss in dB at 772 kHz) 

LEVEL DIFF (DB) (the highest value of the signal level mismatch at a 
repeaterless junction) 

PAD (DB) (the value of the pad placed at an RT to meet the minimum loss 
requirement or to meet the maximum level difference requirement at a junc- 
tion) 

;MAX T1 LINES (the maximum number of T1 lines that can be assigned) 

BKWD MARGIN (the backward margin, Le., the distance that a repeater can 
be moved back toward the CO while keeping all other repeaters fixed) 

FWD MARGIN (the forward margin, i.e., the distance that a repeater can be 
moved forward, away from the CO, while keeping all other repeaters fixed). 
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5.4 Backward and Foward hlargins 
DII,EP 11 computes two tbpes of margins that provide a measurement of fle.ri- 

bhty in the route design. First, it computes a backward and a forward margin for 
each repeater site. The backward margin is the number of feet a repeater site can be 
moved toward the CO without disturbing a n y  other repeater location. The forwjld 
margin is the number of feet the repeater site can be moved away from the CO 
without disturbing any other repeater location. Calculation of the backward and 
fonvard margins for a particular repeater site is made under the assumption that the 
repeatcrs on either side of the site are not moved. If the user wishes to move two 
adjacent repeaters, he or she must rerun the DILEP I1 program and specify the two 
new locations as DRs to ensure that no additional repeater is necessary. 

Backward and forward margins are not calculated for RTs, because cable data 
is not avdable  for the cable beyond the RT site when the site is at the end of a 
digital h e  branch. Besides, RT sites are fixed by the plan. RTs at the end of digi- 
tal line branches can be moved back toward the CO as long as the insertion loss for 
the repeater section is not reduced below 9.2 dB. Backward and forward margins 
are not calculated for DRs at junctions, since these repeaters must be placed as close 
to the physical location of the junction as possible. However, backward and for- 
ward margins are calculated for all other DRs to indicate how much accuracy can be 
tolerated in measuring their distance from the CO. The user should also be aware 
that when a normal repeater is changed to a DR, DILEP I1 wdl adjust the locations 
of repeaters on both sides of the new DR to achieve optimal repeater spacing 
between DR and R T  locations. This condition may arise even if the new DR is 
placed at its DILEP 11-calculated site instead of being moved to a new site. If the 
user wishes to change one repeater to a DR and to leave all others in their original 
positions, he or she must specify as DRs all repeaters between two DRs, between 
two RTs, or between any combination of these. 

5.5 Maximum Number of T1 Lines 
The second type of margin calculated by DILEP I1 is the maximum number 

of T1 lines that can be placed in each repeater section. Calculation is made under 
the assumption that the repeaters at either end of a repeater sedion are not moved 
from their DILEP 11-calculated sites. If the user moves one or more repeaters in 
the route to obtain the final design, the maximum number of T1 lines calculated by 
DILEP I1 may no longer be valid. The user should request DRs at the final sites 
for all repeaters and then rerun DILEP I1 to obtain the maximum number of T1 
lines that can be handled by each repeater section in the final design plan. 

T 1 lines calculated by DILEP 11, considering the following factors: 
Note. Caution should be exercised when interpreting the maximum number of 

DILEP 11 has no knowledge of cable size; therefore, the calculated maximum 
number of T1 lines could require more cable pairs than the cable contains. 

2. DILEP I1 has no knowledge of cable layup (i.e,, positioning of the pairs); 
therefore, it may not be possible to maintain the specdied pair-unit separation 
for all T1 lines as the maximum number of T1 lines is approached. 

1. 
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5.6 hlanhole Locations 
I f  a repeater must be located in an underground cable section, DILEP I1 v.dl 

try to locate the repeater at one of the specified manhole sites and ULU mark it 3s 
I i I1 .  Itowever, if a repeater must be located in an underground cable and no 
manhole sites are specified, or if the number of manhole sites specified is insuficient 
to allow all required repeatcrs to be located at existing manhole sites, DII.EP I 1  will 
determine the repeater sites and mark them with the letters S\l to indicate that new 
manholes are needed. 

5.7 Selected Samples of DILEP I1 Output 
The sample data shown in the previous section is used in this section to illus- 

trate some of the various outputs that DILEP I1  generates. \LIany types are possi- 
ble, depending on the answers to the four interactive questions. These questions 
must be answered before a study can be made. 

The following are explanations of Figures 5-  1 through 5- 10: 

Figure 5-1. l l u s  example of a route schematic is used to illustrate the mfor- 

Figure 5-2. The Route Data Sheet is shown filled in with the do rma t ion  

Figure 5-3. The data file has been input and is now ready for the datacheck 

Figure 5-4. In this run, the questions, "800-Type Apparatus Case?" and "All 

mation needed to fill in the Route Data Sheet. 

needed for input into a data file. 

and DILEP I1 run. 

Protected Repeaters To Be Used?' were answered no. The resulting maximum loss 
tunit is set to  33.5 dB except for those sections that are limited to a lesser value 
because of factors such as pair unit separation or number of TI h e s .  The engineer 
also asked for repeaters at all junctions. 

Figure 5-5. l l u s  run has the questions, "800-Type Apparatus Case?" and "AI 
Protected Repeaters To Be Used?" answered yes. The engineer again asked for 
repeaters at all junctions. The maximum loss limit is now 32 dB, except for the sec- 
tions that are further limited by other factors. 

Figure 5-6. This run illustrates the use of repeaterless route junctions. The 
question "Repeaters at all junctions?" was answered no. DILEP I1 placed one 
repeaterless route junction, but the total number of repeaters is the same as for the 
previous run, w,ith repeaters at all junctions. The  section loss \dues  changed and 
the backward and forward margins were changed. One of the input manholes was 
used by the program in this run. Care should be taken in the use of repeaterless 
route junctions; if their use does not reduce the number of repeater locations, 
repeaters should probably be used at all junctions. This WLU give Hexibdity at a later 
date if unforeseen TI requirements occur. 

changed to 29.0 dB. Sonprotected repeaters are specified. The program looks at all 
sections that have a maximum value of 33.5 dB and changes that loss to 29.0 dB. It 

Figure 5-7. In this example, the ma.uimum loss h i t  for all sections is 
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does this by subtracting 4.5 dB from 33.5 dB. Thc  othcr sections that are less than 
29 dH initially are unaffected. Sote  that these othcr scctions show a slight increase 
in loss limit from Figure 5-4 due to the use of the YO@-type apparatus case in t h s  
example. 

limited is a 1250-foot section of R f I l L l .  Referring to a previous run (Figure 5-6), 
there is an existing loss limit of 26.2 dB.  To get the delired limit of 22.5 dB, a value 
of 3.7 is entered in columii 1 1  of the data. The next section to be limited is 5756 
feet of B € ? A 4 .  The engineer had previously broken the original section of 14500 
feet into two, 8744 feet and 5756 feet. This section has been shown to have a max- 
imum loss of 32 dB when using protected repeaters ( F i p r e  5-6). To get the desired 
limit of 22.5 dB, a value of 9.5 is entered in column 1 I for this section. 

Figure 5 9 .  The output with the two sections above h i t e d  to 22.5 dB is 
shown in this figure. This option is useful when individual sections are to be h t e d  
to a value less than the default. Usually, a n  initial run will have to be made to 
determine what the default value is. Examples of the use of this option are High 
Capacity Digital Service, and when a vendor’s digital loop carrier system has end 
section parameters other than the default. 

Figure 5-10. This figure shows the output after the number of T1 h e s  was 
increased in all sections. In three of the sections the engineer changed the pair 
separation from nonadjacent to adjacent because of the larger number of T1 lines. 
The combined changes caused the addition of two repeaters in part 2 and lower 
maximum loss limits in several sections. This illustrates the importance of spedy-  
ing the ultimate number of T1 lines in the sheath initially. 

Figure 5 8 .  Two sections are to be h i t c d  to 22.5 df3. The first section to be 

PROPRIETARY - BELLCORE AhD AUTHORIZED CLIEhTS O S L y  
See proprietary restrictions on title page. 

5 - 5  



BR 902-200- 120 
Issue 2, August 1987 

75 l1 0 75 l1 0 75 1 1  0 
MANHOLES 2200' 4000' 1 1  200' 16400' 

20 1 1  R 20 TI 

a 3 2  10 

4 
11 

R 

Figure 5 I .  Simpbfied Route Schematic 
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TOF: 
T ALPHA ROUTE 1 
1,0,75,40OO,U, P,ADMC, N, 100 
M I  2200 
M ,  4000 
2,1,75 I 12400 I U, P, DSAC, N ,  50 
M I  11200 
M I  16400 
3 I 2,75,4000, BIN, BHAG,N, 50 
4,3,55,8400,A,N,BHAA,A125 
RT , 0 I 7.5 
5,4,15,1250,AlN1 BHAA, A, 25 
RT, 0,7.5 
6 , j  I io I 500 B, N I ALAW I N, 50 
7,6,2 0 , 14 500 I A, N ,  BHAA, N ,  2 5 
RT,0,7.5,15.0,22.5 
EOF : 

EDIT: 
>file 
NEXT? 

> 

Figure 53. Sample DILEP I1 Route Input Data 
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5 0 0 - T Y P E  APPARATUS CASE?  ( Y  OR N )  
> n  
ALL PROTECTED REPEATERS TO BE USED? (Y OR N )  
> n  
ALL NON-PROTECTED REPEATERS G I L L  BE USED. 

REPEATERS AT ALL J U N C T I O N S ?  ( Y  OR N )  
'Y 
REPEATERS W I L L  BE PLACED AT ALL J U N C T I O N S .  

C X A "  LOSS L I M I T ?  ( Y  OR N )  
> n  

***  D I G I T A L  L I N E  ENGINEERING PROGRAM *** 

e * * *  I S S U E  5 * * * e  

ALPHA ROUTE 1 

S E C  PRV I T 1  S E C  TYP P CA 
I S E C  L I N E S  LEN P L T  N CODE 
1 0 7 5  4 0 0 0  U P ADMC 
2 1 7 5  1 2 4 0 0  U P DSAC 
3 2 7 5  4 0 0 0  B N B U G  
4 3 55 8 4 0 0  A N BHAA 

R T ,  0 . 0 ,  7 . 5  
5 4 15 1 2 5 0  A N BHAA 

R T ,  0 . 0 ,  7 . 5  
6 3 2 0  500 B N A U W  
7 6 2 0  1 4 5 0 0  A N BHAA 

RT, 0 . 0 ,  7 . 5 , 1 5 . 0 , 2 2 . 5  

PR U N I T  D B / K f i  LOSS CUM 
S P  S I Z E  LOSS L I M I T  R E S I S T  R E S I S T  

LOCATIONS O F  M O L E S  FOR P M T  1 
2 2 0 0  4 0 0 0  1 1 2 0 0  1 6 4 0 0  

PART 1 
REPEATERS 
.REPEATER 

I 
1 K H  
2 K H  
3 m  
4 DR 
5 
6 RT 
7 RT 

FOR CABLE 
D I S T A N C E  
FROX C . O .  

3 3 5 9  
9 3 1 0  

1 5 4 0 6  
2 0 4 0 0  
2 4 6 0 0  
2 8 8 0 0  
3 0 0 5 0  

S E C T I O N S  
S E C T I O N  

LENGTH 
3 3 5 9  
5 9 5 1  
6 0 9 5  
4 9 9 3  
4 2 0 0  
4 1 9 9  
1 2 5 0  

1 THROUGH 5 
D E S I G N  LEVEL 

LOSS ( D B )  DIFF. (DB) 
2 1 . 8 8  - 
3 2 . 3 8  - 
3 2 . 3 8  - 
2 5 . 6 4  - 
2 1 . 3 4  - 
2 1 . 3 4  - 
1 3 . 8 5  - 

tun 
LENGTH 

4000  
1 6 4 0 0  
2 0 4 0 0  
2 8 8 0 0  

30050  

2 0 9 0 0  
3 5 4 0 0  

PAD MAX 
( D B )  T 1  L I N E S  - >loo0 

4 9 8  
4 9 8  - >loo0 

6 3  
0 . 0  63 
7 . 5  3 6 6  

- - 
- 

BKWD FWD 
MARGIN W G I N  

153 153 
1 8 8  1 8 8  

1 4 6 8  188 
0 0 

7 8  78  
0 0 
0 0 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  6 THROUGH 7 
REPEATER DISTANCE S E C T I O N  D E S I G N  LEVEL PAD MAX BRWD FWD 

FROX C . O .  LENGTH L O S S ( D B )  D I F P .  ( D e )  ( D B )  T 1  LINES MARGIN MARGIN 
8 2 5 9 2 5  5 5 2 5  2 7 . 8 3  - - 4 7 8  1 1 0 1  1101  
I 

9 3 1 4 0 0  5 4 7 5  2 7 . 8 3  - - 4 7 8  2 5 5 7  1101 
10  RT 3 5 4 0 0  3999 2 0 . 3 3  - 0 .0  >loo0 0 0 

Figure 5-4. Sample DILEP I1 Run Using Son-8OO-Type Apparatus Case 
and Xonprotected Repeaters 
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- . I - -  : w d - - : r ~  A F P W T ' J S  CASE? ( Y  CR N )  
' Y  
A L L  ;RSTECTED RETEXTLRS ?O BE USED? ( ' t  2R N )  
'Y 
RE?EATERS AT A L L  Z Y N C T I O N S ?  ( Y  OR N )  
' Y  
R E P E A r E R S  W I L L  BE PLACED AT A L L  J U N C T I O N S .  

C W G E  LOSS L I M I T ?  ( Y  OR N) 
.n 

* * e  D I G I T A L  L I N E  E N G I N E E R I N G  P R O G M  

...e ISSUE 5 .*e. 

ALPHA ROUTE 1 

S E C  PRV # T l  S E C  T Y P  P CA PR U N I T  DB/KPP LQSS 
I SEC L I N E S  L E N  P L T  N CODE SP SIZE LOSS 
1 0 1 5  4 0 0 0  U P ADMC N 100 6.51[%% 
2 1 1 5  1 2 4 0 0  U P DSAC N 50 5 . 3 1  3 2 . 0  
3 2 1 5  4 0 0 0  B N B U G  N 50  5.091 3 2 . 0  
4 3 5 5  8 4 9 0  A N B H M  A 2 5  5 . 0 8  2 0 . 6  

R T ,  0 . 0 ,  7 . 5  I 
5 4 1 5  1 2 5 0  A N B H M  A 2 5  5 . 0 8  2 6 . 2  

R T ,  0 . 0 ,  1 . 5  ! 
6 3 2 0  5 0 0  B N A U W  N 5 0  4.581 3 2 . 0  
7 6 2 0  1 4 5 9 0  A N 0 W  N 25 5 .081 3 2 . 0  

R T ,  0 . 0 ,  1 . 5 , 1 5 . 0 , 2 2 . 5  

LOCATIONS OF UAN?fOLES FOR PART 1 
2 2 0 0  4 0 0 0  1 1 2 0 9  1 6 4 0 0  

PART 1 
R E P E A T E R S  
REPEATER 

# 
lm 
2 A N I 4  
3 N n  
4 DR 
5 
6 
7 R T  
a RT 

FOR CABLE: 
D I S T A N C E  
FROM C . 0 .  

3 3 5 6  

1 5 2 0 6  
2 0 4 0 0  
2 3 6 9 1  
2 6 9 8 3  
2 8 8 0 0  
3 0 9 5 0  

9 2 0 8  

S E C T I O N S  
S E C T I O N  
m" 

3 3 5 6  
5 8 5 2  
5 9 9 7  
5 1 9 3  
3 2 9 1  
3 2 9 1  
1 8 1 6  
1 2 5 0  

1 THROUGH 5 
D E S I G N  LEVEL 
LOSS (DB) D I F F .  (OB) 

2 1 . 8 6  - 
3 1 . 8 6  - 
3 1 . 8 6  - 
2 6 . 7 0  - 
1 6 . 7 3  - 
1 6 . 7 3  - 

9 . 2 3  - 
1 3 . 8 5  - 

..e 

E S I S T  
1 0 1 . 2  

6 7 . 2  
1 5 3 . 7  

2 2 . 9  

8 . 4  
2 6 5 . 3  

2 0 8 . 3  

c v n m  
R E S I S T  LENGTH 

3 1 5 . 5  1 6 4 0 0  
3 8 2 . 1  2 0 4 0 0  
5 3 6 . 4  2 8 8 0 0  

5 5 9 . 3  3 0 0 5 0  

3 9 1 . 1  2 0 9 0 0  
6 5 6 . 5  3 5 4 0 0  

1 0 7 . 2  4 0 0 0  

MAX 

>1000 
5 4 3  
5 4 3  

>1000 
1 3 4  
1 3 4  
7 5 6  
2 6 0  

T l  L I N E S  
BKWD 
MARGIN 

0 
0 

9 1 9  
0 

7 4 7  
1 4 5 6  

0 
0 

TWO 
KARGIN 

0 
0 
0 
0 

7 4 7  
0 
0 
0 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  6 THROUGH 7 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD FLU BKWD FWD 

# FROM C.O. LENGTH LOSS(DB) D I F P . ( D B )  (DE) T i  LINES WGIN  GIN - - 9 2 5 4 3 3  5 0 3 3  2 5 . 3 3  7 3 8  1 2 9 8  1 2 9 8  
1 0  3 0 4 1 6  4 9 8 3  2 5 . 3 3  7 3 8  1 2 9 8  1 2 9 8  
11 R T  3 5 4 0 0  4 9 8 3  2 5 . 3 3  0.9 7 3 8  0 0 

- - - 

Figure 5 5 .  Sample DILEP I1 Run Using 800-Type Apparatus Cases 
and Protected Repeaters 
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>S 
ESTER F I L E  NAME: 
>example1 
RUNNING D I L E P  STUDY I S S U E  5 07/01/87 AT 09:08:11 

3 0 0 - T Y P E  APPARATUS CASE? ( Y  OR N) 
' Y  
ALL PROTECTED R E P U T E R S  TO BE USED? (Y OR N )  
' Y  
REPEATERS AT ALL J U N C T I O N S ?  ( Y  OR N )  

CHANGE tOSS L I M I T ?  ( Y  OR N) 
> n  

I>nl 

***  D I G I T A L  L I N E  E N G I N E E R I N G  PROGRAn ***  
* e * *  I S S U E  5 * * * e  

ALPHA ROUTE 1 

S E C  PRV # T l  S E C  T Y P  P CA PR U N I T  
# S E C  L I N E S  LEN P L T  N CODE S P  S I Z E  
1 0 75 4000 U P ADMC N 1 0 0  
2 1 75 12400 U P DSAC N 50 
3 2 75 4000 B N BHAC N 50 
4 3 55 8400 A N B H M  A 25 

5 4 15 1250 A N BHAA A 25 

6 3 20 500 B N ALAW N 50 
7 6 20 14500 A N BHAA N 25 

RT, 0 . 0 ,  7 . 5  

RT, 0 . 0 ,  7.5 

R T ,  0 . 0 ,  7.5,15.0,22.5 

DB/ K F T  
Loss 
6.51 
5.31 
5.09 
5.08 

5.08 

4.58 
5.08 

Loss 
L I M I T  
32.0 
32.0 
32.0 
20.6 

26.2 

32.0 
32.0 

R E S I S T  
107.2 
208.3 
67.2 
153.7 

22.9 

8.4 
265.3 

cL?3 
R E S I S T  
107.2 
315.5 

536.4 

559.3 

391.1 
656.5 

382.7 

m 
LENGTH 

4000 
16400 
20400 
28800 

30050 

20900 
35400 

LOCATIONS O F  MANHOLES FOR PART 1 
2200 4000 11200 16400 

PART 1 
REPEATERS FOR CABLE S E C T I O N S  1 THROUGH 5 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD 

FROM C.O.  LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  T l  L I N E S  MARGIN MARGIN - - >loo0 337 1167 
I 
1m 2200 2200 14.33 
2 m  7387 5187 29.71 - - 890 414 414 
3m 12983 5593 29.71 - . -  890 414 414 
4 18670 5688 29.71 - - 853 0 43 2  

22272 3601 lg. 32 - - 94 0 432 
6 25876 3604 18.32 - - 94 1101 432 
7 RT 28800 2923 14.86 - 0.0 206 0 0 
8 R T  30050 1250 13.85 - 7.5 260 0 0 

J C T  20400 1729 8 . 8 0  7.5 I - - - 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  6 THROUGH 7 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

FROM C.O. LENGTH L O S S ( D B )  D I F F . ( D B )  ( D B )  T1 L I N E S  MARGIN MARGIN - - 657 432 0 
10 29643 5846 29.71 - - 269 511 432 
11 RT 35400 5756 29.25 - 0.0 298 0 0 

# 
9 23797 5127 25.82 

figure 5 6 .  Repcaterless Route Junction 
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>29 - 
LDSS L I X I T  IS SOW 29.0 O B  FAXI.%?!. 
- 

* * *  D I G I T A L  L I N E  ENGINEE2ING P R O G M  I** 

*I** I S S U E  5 * e * *  

AL?YA ROtiTE 1 

SEC PRV t T 1  SEC TYP P CA PR UNIT DB/XFT LOSS CLY CLX 

1 0 75 4000 U P ADHC N 1 0 0  6.51 107.2 107.2 1 0 0 0  
2 1 75 12400 U P DSAC N 50 5 . 3 1  208.3 315.5 : 4 4 0 0  
3 2 75 4000 B N B U G  !4 50 5.09 67.2 382.7 20400 

# SEC LI?IES LEN P L T  N CODE S? S I Z E  LOSS LIXIT RESIST RESIST X : N G T H  

4 3 55 3400 A N SHAA A 25 5.08 22.1' 153.7 536.4 28330 

5 4 15 1250 A N B U A  A 25 5.08 27.7 22.9 559.3 30050 
RT, 0.0, 7.5 

XT, 0.0, 7.5 
6 3 20 500 3 N ALAW N 50 a.4 391.1 2 0 9 0 0  

RT, 0 . 3 ,  7.5,15.0,22.5 

'LOCATIONS OF YAVHOLES FOR PART 1 
2200 4000 11200 16400 

PAST 1 
RZ?EATZXs 
E 3 E A I Z R  

a 
l ? m  
2 !?4 
3 !lY 
4 
J CT 
5 
6 
7 R T  
8 RT 

FOR CABLE 
D I S T A N C E  
FROH C . O .  

3379 

13786 
19176 
20400 
23329 
27484 
28800 
30050 

a513 

S E CT I 0 ?4 S 
S E C T I O N  
LENGTH 

3379 
5133 
5273 
5389 
1223 
4153 
4155 
1315 
1250 

1 T m O U G H  5 
D E S I G N  LEVEL PAD 

LOSS ( D B )  D I F F .  ( D B )  ( D B )  
22.01 
28 - 0 1  
28.01 
28.01 
6.23 6.9 - 

21.12 - 
21.12 - .. 
14.19 7.5 
13.35 7.5 

- - - - - - 
- 

- - 

Y X  
T1 L I N E S  

> l o o 0  
.1300 
> l o o 0  
> l o o 0  

70 
70 

341 
369 

- 

3 .TI D 
Y M G I E I  

122 
150 
150 
117 

i i a  

a 

2321 
0 

T.4 D 
Y M G  : N 

i22 
1 5 3  
150 
157 

157 
0 
0 
0 

- 

PART 2 
R E P E A T E R S  FOR CABLE S E C T I O N S  6 THROUGH 8 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

# FROM C.O.  LENGTH LOSS(D8) DIFP.(DB) (De) T1 L I N E S  HARGIN MARGIN 
9 24734 5558 28.01 562 157 118 
10 30246 5511 28.01 - - 562 521 157 - 0.0 854 0 0 11 R T  35400  5 1 5 3  26.19 

- - 

Figure 5-7. Spefiing Loss Limit of 29 dB for All Sections 
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TOF: 
T ALPHA ROUTE 1 
l,0,75,4000,U,P,ADHC,N,lOO 
n, 2200 
M, 4000 
2,1,75,12400,U, P, DSAC, N, 50 
H, 11200 
H, 16400 
3,2,75,4000, B,N, BHAC,N, 50 
4,3,55,04OO,A,N,BHAA,A,25 
RT, 0, 7 .5 
5,4,15,1250,A,N,BIiAA,A,25 
RT, 0 , 7 .5 
6,3,20,50O,B,N,ALAW,N,50 
7,6,20,0744,A,N,BHLU,N,25 
0,7,20,5756,A,N,BHAA,N,25 
RT,0,7.5,15.0,22.5 
EOF: 
>u2 
a , 7 , 2 0 , 5 7 5 6 , ~ , ~ , ~ ~ ~ ~ , ~ , 2 5  
>replace 
INPUT: 
>8,7,20,5756,a,n,bhaa,n,25,,9.5 

EDIT: 
>u4 
5,4,15,1250,A, N, BHAA,Al 25 
>replace 
INPUT: 
>5,4,15,125OIa,n,bhaa,a,25,,3.7 

EDIT : 
>t 
TOF: 
>p20 
TOF : 
T A L P H A  ROUTE 1 
1,0,75,40OO,U, P,ADMC,N, 100 
u,2200 
M, 4000 
2,1,75,12400,U, P, DSAC,N, 50 
K, 11200 
U, 16400 
3,2,75,4000,B,N,BHAClN150 

RT, 0 I 7.5 
5 4 ,15,12 5 0 ,  A I N BHAA I A 2 5 , fl 
RT, 0,7.5 
6,3,20,500,B,NlALAUlN150 
7,6,20,0744,A,N, BHAA, N, 25 
8,7,20,5756,A,N, BHAA, N,25, ,m 
RT,0,7.5,15.0,22.5 
EOF: 

> 

> 

4 , 3 , 5 5 , a 4 0 0 , ~ , ~ , ~ ~ ~ ~ ~ ~ , 2 5  

> 

Figure 5 8 .  Changing an Existing File to Limit Two Sections to a Maximum Loss 
Limit of 22.5 dB 
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8 6 0 - T Y P E  APPARATUS CASE? ( ' f  GR N) 
'Y 
ALL PROTECTED R E P E A T E R S  TO EE CSED? ( Y  OR N )  
'Y 
R E P E A T E R S  A T  A L L  J U N C T I O N S ?  (Y OR N )  
> n  
CHANGE MSS L I M I T ?  ( Y  OR N )  
>n 

44.  D I G I T A L  L I N E  E N G I N E E R I N G  PROGRAH 44.  

4 * * *  I S S U E  5 4 4 4 *  

ALPHA ROUTE 1 

PRV % T 1  S E C  T Y P  P CA P R  U N I T  
S E C  L I N E S  LEN P L T  N CODE S P  S I Z E  

0 7 5  4 0 0 0  U P ADMC N 1 0 0  
1 7 5  1 2 4 0 0  U P DSAC N 50 
2 7 5  4 0 0 0  B N BHAG N 5 0  
3 5 5  8 4 0 0  A N BHAA A 2 5  

4 15 1 2 5 0  A N BHAA A 2 5  

3 2 0  500 B N ALAW N 50 
6 2 0  8 7 4 4  A N EHAA N 2 5  
7 2 0  5 7 5 6  A N BHAA N 2 5  

0 . 0 ,  7 . 5  

0 . 0 ,  7 . 5  

0 . 0 ,  7 . 5 , 1 5 . 0 , 2 2 . 5  

DB/KFT 
Loss 

6 . 5 1  
5.31 
5 . 0 9  
5 . 0 8  

5 . 0 8  

4 . 5 0  
5 . 0 8  
5 . 0 8  

LOCATIONS O F  MANHOLES FOR PART 1 
2 2 0 0  4 0 0 0  1 1 2 0 0  1 6 4 0 0  

LOSS 
L I M I T  R E S I S T  

3 2 . 0  1 0 7 . 2  
3 2 . 0  2 0 8 . 3  
3 2 . 0  6 7 . 2  
2 0 . 6  1 5 3 . 7  

[,,.,I 2 2 . 9  

3 2 . 0  0 . 4  
3 2 . 0  1 6 0 . 0  
/22.51 105.3 
U 

PART 1 
R E P E A T E R S  
R E P E A T E R  

% 
1 N H  
2 N M  
3 NM 
4 
5 
6 
7 R T  
8 R T  

FOR CABLE 
D I S T A N C E  
FROM C . O .  

3352 
9 2 0 0  

1 5 1 9 3  
2 0 4 0 0  
2 4 4 2 2  
2 8 4 4 4  
2 8 8 0 0  
30050 

S E C T I O N S  
S E C T I O N  

LENGTH 
3 3 5 2  
5 8 4 7  
5 9 9 3  
5 2 0 6  
4 0 2 2  
4 0 2 2  

355 
1 2 5 0  

1 THROUGH 5 
D E S I G N  LEVEL 

L O S S ( D B )  D I F F .  ( D B )  
2 1 . 8 3  - 
3 2 . 8 3  - 
3 1 . 8 3  - 
2 6 . 7 7  - 
2 0 . 4 4  - 
2 0 . 4 4  - 

9 . 3 1  - 
1 3 . 8 5  - 

- - - 
7 . 5  
7 . 5  

CL? 
R E S I S T  

1 0 7 . 2  
3 1 5 . 5  
3 0 2 . 7  
5 3 6 . 4  

5 5 9 . 3  

3 9 1 . 1  
5 5 1 . 1  
6 5 6 . 5  

FAX 
T I  L I N E S  

>1000 
5 4  6 
5 4  6 

>1000 
58 
58 

7 4 3  
111 

CL? 
LENGTH 

4 0 0 0  
1 6 4 0 0  
2 0 4 0 0  
2 8 8 0 0  

30050 

2 0 9 0 0  
2 9 6 4 4  
3 5 4 0 0  

BKWD 
MARGIN 

0 
0 

9 7 9  
0 
0 

2 2 0 3  
0 
0 

FWD 
MARGIN 

0 
0 
0 
0 
0 
0 
0 
0 

PART 2 
R E P E A T E R S  FOR CABLE S E C T I O N S  6 TH3OUGH 8 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD 

x FROM C.0. LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 
9 2 6 7 1 2  6 3 1 2  3 1 . 8 3  1 6 4  0 0 

1 0  3 1108 4 3 9 5  22.33 1 6 4  118 0 
11 R T  3 5 4 0 0  4 2 9 1  2 1 . 8 1  0 . 0  18 6 0 0 

- - - - - 

Figure 5.9. Output with Two Sections Limited to 22.5 dB 
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8 0 0 - T Y P E  APPAR)rTUS CASE?  ( Y  OR N) 
>Y 
A L L  P R O T E C T E D  REPEATERS TO BE USED? ( Y  OR N )  
> Y  
REPEATERS AT A L L  J U N C T I O N S ?  ( Y  OR N) 
> n  
CHANGE LOSS L I M I T ?  (Y OR N)  
>n 

4 4 *  D I G I T A L  L I N E  E N G I N E E R I N G  PROGRAn * * *  
*lt* I S S U E  5 * e t *  

s EC 
# 
1 
2 
3 
4 

m, 
5 

RT, 
6 
7 
8 

RT, 

PRV YT1 S E C  TYP P CA 
SEC L I N E S  LEN P L T  N CODE 

0 3 0 0  4000 U P ADUC 
1 3 0 0  1 2 4 0 0  U P DSAC 
2 300 4 0 0 0  B N BHAG 
3 1 5 0  8 4 0 0  A N BHAA 

4 60 1 2 5 0  A N BHAA 

3 60 5 0 0  B N ALAW 
6 60 8 7 4 4  A H B H M  
7 60  5 7 5 6  A N B H M  

0 .0 ,  7 . 5  

0 . 0 ,  7 . 5  

0 . 0 ,  7 . 5 , 1 5 . 0 , 2 2 . 5  

P R  U N I T  
SP S I Z E  
N 100 
N 5 0  
A 50 
A 2 5  

A 2 5  

N 5 0  
A 2 5  
A 2 5  

DB/ KFT 
M S S  

6 . 5 1  
5 . 3 1  
5 . 0 9  
5 . 0 8  

5 . 0 8  

LOCATIONS O F  MANHOLES FOR PART 1 
2 2 0 0  4000 1 1 2 0 0  1 6 4 0 0  

PART 1 
REPEATERS 
REPEATER 

# 
1 N n  
2 N n  
3 m  
4 

JCT 
5 
6 
7 R T  
8 RT 

PART 2 
REPEATERS 
REPEATER 

# 
9 

10 
11 
1 2  
1 3  RT 

FOR CABLE 
D I S T A N C E  
FROM C.O. 

3 3 7 8  
9 2 6 2  

1 5 2 8 7  
1 9 2 1 7  
2 0 4 0 0  
2 2 4 1 3  
2 5 6 0 6  
2 8 8 0 0  
30050 

S E C T I O N S  
S E C T I O N  

LENGTH 
3 3 7 8  
5 8 8 4  
6 0 2 4  
3 9 3 0  
1 1 8 2  
3 1 9 6  
3 193 
3 1 9 3  
1 2 5 0  

FOR CABLE S E C T I O N S  
D I S T A N C E  S E C T I O N  
FROM C.O.  LENGTH 

2 3 2 4 5  4 0 2 7  
2 7 0 2 1  3 7 7 6  
3 0 7 9 8  3 7 7 7  
3 4 5 7 5  3 7 7 6  
3 54 00 8 2 4  

4 . 5 8  
5 . 0 8  
5 . 0 8  

LOSS 
L I M I T  

3 2 . 0  
3 2 . 0  
2 0 . 3  
1 6 . 3  

2 0 . 2  

3 2 . 0  
2 0 . 2  
2 0 . 2  

1 THROUGH 5 
D E S I G N  LEVEL 

LOSS ( D B )  DIFF. ( D e )  
2 2 . 0 0  - 
3 2 . 0 0  - 
3 2 . 0 0  - 
2 0 . 2 5  - 

6 . 0 2  4 . 0  
1 6 . 2 5  - 
1 6 . 2 3  - 
1 6 . 2 3  - 
1 3 . 8 5  - 

R E S I S T  
1 0 7 . 2  
2 0 8 . 3  

6 7 . 2  
1 5 3 . 7  

2 2 . 9  

8 . 4  
1 6 0 . 0  
105 .3  

- 
0 . 0  
7 . 5  

CLY CLV 
R E S I S T  LENGTH 

1 0 7 . 2  4 0 0 0  
3 1 5 . 5  1 6 4 0 0  
3 8 2 . 7  2 0 4 0 0  
5 3 6 . 4  2 8 8 0 0  

5 5 9 . 3  3 0 0 5 0  

3 9 1 . 1  2 0 9 0 0  
5 5 1 . 1  2 9 6 4 4  
6 5 6 . 5  3 5 4 0 0  

MAX 
T 1  L I N E S  

>1000 
3 00 
300  
3 00 

1 5 0  
1 5 1  
1 5 1  
2 6 0  

- 

BKWD FWD 
MARGIN MARGIN 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

- - 

6 THROUGH 8 
MAX BKWD FWD D E S I G N  LEVEL PAD 

LOSS ( D B )  D I F F .  (DB)  ( D B )  T 1  L I N E S  MARGIN MARGIN 
2 0 . 2 3  - - 60 1 9 6  0 
1 9 . 1 9  - - 7 6  1 9 6  1 9 6  
1 9 . 1 9  - - 7 6  1 9 6  1 9 6  
1 9 . 1 9  - - 7 6  1 9 2 8  0 
11 .69  - 7 . 5  4 3 0  0 0 

figure 5 10. Effect of I n h g  the Kumber of T 1 Lines 
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6. DILEP I1 EXAlClPLES 
6.1 General 

TM.O problem examples, and DIL E P  I1 digital design solutions to thcse, ; F T ~  

included in thls section to introduce basic procedures. Thesc procedurcs will vary, 
depending on the route or area undcr study. DILEP 11 may bc run in a number of  
dlfferent "sys. Experienced users wil l  develop their own procedures for performing 
and evaluating the studies. 

1. 

2. 

3.  

4. 

5 .  

6.2 

In general, the following steps are necessary for an initial design in a route: 

Assemble all data necessary to run DILEP 11. Preparation of a digital line 
schematic will be helpful. Preparation of the Route Data Shcet is necessary 
for efficient data input. 

Run the DILEP I1 datacheck. Each time the input file is changed, the data- 
check option must be run before a study c a n  be made. 

>Like an initial run of the route under study. This first run can be made with 
the repeaterless route junction option. The engineer will probably want to 
make another run with repeaters at all junctions to determine a n y  dfierence in 
either the spacing or number of repeater locations. 

Analyze the results of these first runs. Some objective should be arrived at. 
For instance, does the engineer want to maximize the use of repeaterless route 
junctions, or does the route have unknown future requirements that could 
make flexibility more important? The engineer may decide to place repeaters 
at all junctions in the main feeder, but use repeaterless route junctions in the 
branches. 

In general, the plan with the fewest new manholes and repeater lo'cations 
should be the most attractive. But there are occasions when initally placing 
the maximum number of repeaterless route junctions can, at a later date, 
necessitate more repeater locations in a branch. 

This step consists of adding demand repeaters, and of generally refining the 
design and making successive runs until an acceptable design is obtained. 

Example 1 
In this example, digital lines are to  be deployed in a route for the first time. 

Six remote terminal sites were selected and are-shown on the schematic in Figure 
6- 1. A screened cable is to  be utilized for a portion of the route. The engineer input 
all avdable loss pads for the type of equipment chosen for a particular RT  site. 
The engineer also selected all suitable manholes and entered them in the data. The 
data as entered is shown in Figure 6-2, Route Data Sheet, and Figure 6-3, Input 
File. 

All protected repeaters and 800-type apparatus cases are to be used. S o  
reduction in loss value is to be made for any section. 

Run 1 - This is an unconstrained run with repeaters at all junctions specified. 
Two manholes from the list were chosen by DILEP 11, one at 2910 feet and one at  
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6950 feet from the central office. Eight line repeatcr locations were specified. Figure 
6-4 is the output. 

Run 2 - The engincer tvantcd to ~ O U .  if repcaterlcss route junctions would 
eliminate a n y  of the line repeaters on the previous run. In this run, the question 
"Repeaters at all junctions?" was ansu.crcd no. ;\gain, the p r o g m  picked the 
manholcs listed in run 1 .  Three repcaterless route junctions \ v e x  selccted. 1 low- 
ever, this run still required eight line repeater locations. F ip re  6-5 is the output. 

The engineer noted that the fust manhole that D I I I P  I1 picked u'as smaller 
than the next manhole at 3170 feet. The fonvard margin specified is 460 feet, so the 
repcater can be moved to the manhole at 3270 feet. The engineer also moved the 
nest repeater at 6930 feet to the manhole at 7700 fect (fonvard margin is 529 fect). 
The file uas edited to eliminate the list of " h o l e s  (this is optional and \{'as only 
done to keep t h s  List from printing on a n y  subsequcnt run). The engineer then 
demanded repeaters at the two selected locations. The edited file is shoivn in Figure 

Run 3 - The engineer specdicd repcaters at all junctions in t h s  run. The pro- 

6-6. 

gram stdl picked eight h e  repeater locations. It was noted that the demand repeater 
at 7700 feet could be moved stdl further to the manhole at 8100 feet (new fonvard 
margin is 460 feet), but the engineer felt that the location at 7700 feet was more 
favorable. The output is shown in Figure 6-7 .  

Run 4 - The engineer wanted to see if less h e  repeater locations were possi- 
ble, so one more run was made, in whch repeaterless route junctions were specdied 
In this mn,  DILEP I1 stdl specfied eight line repeater locations. The output is 
shown in Figure 6-8. 

Sote  that when the engineer put in the demand repeaters in the first section, 
the program automatically re-sectionalized the data, and a message was printed in 
mns 3 and 4 after the new sectionalized data. The messagc is only to alert the user 
that the data is in a dfierent format than when originally input. 

will give added flexibility for repeaterless route junctions, should any unforeseen ser- 
vice needs arise. By using repeaters at all junctions in this example, the R T  end sec- 
tions all remain less than 22.5 dB. While no High Capacity Digital Service needs 
have been forecast, this may be an  advantage in the future. In this case, no  
economic penalty was incurred to gain this flexibility. 

The repeater locations specfied in the buried sections must be verified to be 
sure they are suitable for actual field placement. There is sufficient backward and 
forward margin in run 3 in case they have to be moved. 

mate in all cases in this example. However, as has been stated, DILEP I1 has no 
knowledge of cable size and, if the number of T1 lines is increased over the original 
estimate, the design might change. In smaller cables, nonadjacent spacing may 
become adjacent or  even same unit, thereby changing the spacing. The estimated 
maximum number of T1 lines in a given sheath is critical in the initial design of a 
digital route. 

Tne engineer decided to use run 3 and have repeaters at all junctions. This 

The maximum number of T1 lines permitted is greater than the engineer's esti- 
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TOF: 
T ALPHA ROUTE 2 
1,0,55,10800,U, P,CDM, N, 100 
MH, 1740 
KH,2118 
MH, 2560 
KH, 2910 
MH, 3270 
MH, 3900 
MH, 4600 
MH, 5350 
MH, 6300 
MH, 6980 
MH, 7700 
EM, 8100 
MH, 8770 
MH, 9640 
MH, 10200 
MH, 10800 
2,1,55,12100,B,N,KFA~Nf25 
3,2,15,4200,A,N,BHA,Nf25 

RT,O,7.5,15.0,22.5 
5,3,10,1810,A,N,BHA,A125 
RT,0,7.5,15.0,22.5 
6,2,25,8050,B,N,ALA,Nf25 
7,6,10,890,A,N,BHA,Af25 
RT,0.5,7.5 
8,6,10,3250,AfN,BHA,Af25 
RT,0,7.5,15.0,22.5 
9,6,5,440,B,NfALA,N,25 

4,3,5,21O,A,N,BHA,A,25 

RT,0,7.5,15*0,22.5 
10,2,10,2200,B,N,AJA~Nf25 
RT,0,7.5,15.0,22.5 
EOF : 

EDIT : 
> f i l e  

> 

Figure 6 3 .  Input File 
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3 0 0 - T Y P E  APPARATUS CASE?  ( Y  CR N )  
ZY 
A L L  PROTECTED REPEATERS TO BE USED? ('i OR P I )  
>Y 
REPEATERS A T  A L L  J U N C T I O N S ?  ( Y  OR N) 
'Y 
REPEATERS WILL BE PLACED AT A L L  J U N C T I O N S .  

C F M G E  LOSS LIMIT? ( Y  OR N) 
> n  

* * *  D I G I T A L  L I N E  ENGINEERING PROGRAM * * *  
I S S U E  5 **tt 

ALPHA ROUTE 2 

S E C  PRV t T 1  S E C  T Y P  P CA P R  V N I T  
# S E C  L I N E S  LEN PLT N CODE S P  S I Z E  

0 
1 
2 
3 

0.0, 
3 

0.0, 
2 
6 

0.5, 
6 

0.0, 
6 

0.0, 
2 

0.0, 

55 10800 U P CDH 
5 5  1 2 1 0 0  B N KFAS 
15 4200 A N BHA 
5 210 A N BHA 

7.5,15.0,22.5 
10 1810 A N BHA 
7.5,15.0,22.5 
25 8050 B N A L A  
10 890 A N BHA 
7.5 
10 3250 A N BHA 
7.5,15.0,22.5 
5 440 B N ALA 

7.5,15.0,22.5 
10 2200 B N M A  
7.5,15.0,22.5 

N 
N 
N 
A 

A 

N 
A 

A 

N 

N 

100 
25 
25 
25 

25 

25 
25 

25 

25 

25 

****  

DB/KFT LOSS 
LOSS L I M I T  RESIST 

6 . 5 1  32.0 289.4 
4.58 32.0 203.3 
5.08 32.0 76.9 
5.08 31.0 3.8 

5 . 0 8  28.0 33.1 

4.58 32.0 135.2 
5 . 0 8  28.0 16.3 

5.08 28.C 59.5 

4.58 32.0 7.4 

4.16 32.0 37.0 

M C A T I O N S  OF MANHOLES FOR PART 1 
1740 2118 2560 2910 3270 3900 

4600 5350 6300 6980 7700 8100 

8770 9640 10200 10800 

Figure 6 4 .  Output for Run 1 

ct?i C LX 
RESIST LENGTH 

492.7 22900 
569.6 27100 
573.4 27310 

289.4 i o a o o  

602.7 20910 

628.0 30950 
644.2 31840 

687.4 34200 

635.4 31390 

529.7 25100 
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PART 1 
REPEATERS 
REPEATER 

# 
1 M H  
2 M H  
-, J 
4 
5 DR 
6 DR 
7 R T  

FOR CABLE 
D I S T A N C E  
FROM C.O. 

2 9 1 0  
6 9 8 0  

1 1 7 5 2  
1 8 1 3 7  
2 2 9 0 0  
2 7 1 0 0  
2 7 3 1 0  

S E CT I ON S 
S E C T I O N  

LENGTH 
2 9 1 0  
4069  
4772  
6384  
4762  
4 2 0 0  

2 1 0  

1 THROUGH 4 
D E S I G N  LEVEL 

LOSS ( D B )  D I F F .  (DB)  
1 8 . 9 4  - 
2 6 . 5 0  - 
2 9 . 2 4  - 
2 9 . 2 4  - 
2 1 . 8 1  - 
2 1 . 3 5  - 
1 6 . 0 7  - 

- 
1 5 . 0  

MAX 
T 1  L I N E S  

> l o o 0  
> l o o 0  
> l o o 0  
> l o o 0  
>loo0 
> l o o 0  

157 

BKWD 
MARGIN 

829 
399 
558  

2183 
0 
0 
0 

FWD 
.WAGIN 

4 60 
8 2 9  
567  
567  

0 
0 
0 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  5 THROUGH S 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD 4zAX B W D  PWD 

# FROM (2.0. LENGTH L O S S ( D B )  DIFF.  (DB)  ( D B )  T 1  L I N E S  MARGIN XARGIN 
7 . 5  1 3  6 0 0 8 R T  2 8 9 1 0  1810 1 6 . 7 0  - 

?ART 3 
REPEATERS FOR CABLE S E C T I O N S  6 THROUGH 7 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

# FROM C.0. LENGTH L o S S ( D B )  D I F F * ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN - >IO00 2 0 0 8  2008 9 2 6 9 2 4  4 0 2 4  1 8 . 4 3  - 
- >loo0 0 0 1 0  DR 3 0 9 5 0  4 0 2 5  1 8 . 4 3  - 

7 . 5  3 9 8  0 0 11 R T  3 1 8 4 0  8 9 0  1 2 . 0 2  - 
PART 4 
REPEATERS FOR CABLE S E C T I O N S  8 THROUGH 8 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD EWD 

# FROM C.0. LENGTH L o S S ( D B )  D I F F . ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 
0 . 0  1 4  1 0 0 1 2  R T  3 4 2 0 0  3 2 5 0  1 6 . 5 2  - 

?ART 5 
REPEATERS FOR CABLE S E C T I O N S  9 THROUGH 9 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

# FROM C . 0 .  LENGTH L o S S ( D B )  D I F F . ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 
7 . 5  >loo0 0 0 1 3  R T  3 1 3 9 0  4 4 0  9 . 5 2  - 

PART 6 
REPEATERS FOR CABLE S E C T I O N S  10  THROUGH 1 0  
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

# FROM C.O. LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 
1 4  R T  2 5 1 0 0  2 2 0 0  1 6 . 6 5  - 7.5 >loo0 0 0 

Figure 6 4 .  Output for Run 1 (Continued) 
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DO YOU WANT T O  RUN DATA CHECK, STUDY OR Q U I T ?  (ENTER D ,  S OR Q) 
>S 
ENTER FILE NAME: 
>study 1 
RUNNING D I L E P  STUDY I S S U E  5 07/23/87 AT 14:43:43 

8 0 0 - T Y P E  APPARATUS CASE? ( Y  OR N )  
>Y 
ALL PROTECTED R E P E A T E R S  T O  BE USED? 
>Y 
REPEATERS A T  A L L  JUNCTIONS? (Y OR N )  
>n 
CHANGE LOSS L I M I T ?  (Y OR N) 
>n 

(Y OR N) 

* * *  D I G I T A L  L I N E  E N G I N E E R I N G  PROGRAM * * *  
* * * *  I S S U E  5 * * * *  

ALPHA ROUTE 2 

S E C  PRV #T1 S E C  TYP P CA P R  U N I T  DB/KFT MSS CUM CUM 
# S E C  L I N E S  LEN PLT N CODE S P  S I Z E  LOSS L I M I T  R E S I S T  R E S I S T  LENGTH 
1 0 55 10800 U P CDM N 1 0 0  6.51 32.0 289.4 289.4 10800 
2 1 55 12100 B N KFAS N 25 4.58 32.0 203.3 492.7 22900 
3 2 15 4200 A N BHA N 25 5.08 32.0 76.9 569.6 27100 
4 3  5 210 A N BHA A 25 5.08 31.0 3.8 573.4 27310 

R T ,  0 . 0 ,  7.5,15.0,22.5 
5 3 10 1810 A N BHA A 25 5.08 28.0 33.1 602.7 28910 

R T ,  0 . 0 ,  7.5,15.0,22.5 
6 2 25 8050 B N ALA N 25 4.58 32.0 135.2 628.0 30950 
7 6 10 890 A " B H A  A 25 5.08 28.0 16.3 644.2 31840 

R T ,  0 . 5 ,  7.5 
8 6 10 3250 A N BHA A 25 5.08 28.0 59.5 687.4 34200 

9 6  5 440 B N ALA N 25 4 . 5 8  32.0 7.4 635.4 31390 
R T ,  0 . 0 ,  7.5,15.0,22.5 

R T ,  0.0, 7.5,15.0,22.5 
10 2 10 2200 B N AJA N 25 4.16 32.0 37.0 529.7 25100 
R T ,  0.0, 7.5,15.0,22.5 

LOCATIONS O F  MANHOLES FOR PART 1 
1740 2118 2560 2910 3270 3900 

4600 5350 6300 6980 7700 

8770 9640 10200 10800 

Figure 6-5. Output for Run 2 

8100 
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PART 1 
REPEATERS FOR CABLE S E C T I O N S  1 THROUGH 4 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD EWD 

# FROM C.O.  LENGTH L o S S ( D B )  DIFF.  ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 
8 2 9  4 6 0  
3 0 7  a 2 9  
4 3 6  4 3 6  
4 3 6  4 3 6  

JCT 2 2 9 0 0  4 5 0 7  2 0 . 6 4  0 . 0  - - - 
63 1 2  2 9 . 8 2  2 6 1  1 2 9 8  3 9 3  

JCT 2 7 1 0 0  2 3 9 4  1 2 . 1 7  0 . 6  - - - - 
2 6 0 4  2 0 . 7 4  7 . 5  5 4  0 0 

1 M H  2 9 1 0  2 9 1 0  1 8 . 9 4  - - > l o o 0  
2 M H  6980 4 0 6 9  2 6 . 5 0  - - > l o o 0  
3 11880 4 9 0 0  2 9 . 8 2  - > l o o 0  
4 1 8 3 9 2  6511 2 9 . 8 2  - >loo0 

- 
- 

- - - 5 2 4 7 0 5  

6 R T  2 7 3 1 0  - 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  5 THROUGH 5 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD YAX BKWD FWD 

Y FROM C . O .  LENGTH m S S ( D B )  D I F F . ( D B )  ( D B )  T1 L I N E S  MkQGIN FARGIN 
0 . 0  47  0 0 7 R T  2 8 9 1 0  4 2 0 4  2 1 . 3 7  - 

PART 3 
REPEATERS FOR CABLE S E C T I O N S  6 THROUGH 7 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD YAX BKWD FWD 

# FROM C . O .  LENGTH L o S S ( D B )  D I F F . ( D B )  (DB)  T 1  L I N E S  MARGIN U R G I N  
2 3 5  0 4 3 6  a 2 4 9 0 4  6 5 1 1  2 9 . 8 2  - 

JCT 3 0 9 5 0  6 0 4 5  2 7 . 6 9  1 . 7  - - - 
9 31008 6104 2 7 . 9 9  1 0  0 0 

7 . 5  4 2 6  0 0 

- - - - 
1 0  R T  3 1 8 4 0  8 3 1  1 1 . 7 3  - 

PART 4 
REPEATERS FOR CABLE S E C T I O N S  8 THROUGH 8 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD 

4 FROM C . 0 .  LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  T 1  L I N E S  MARGIN Y f G I N  
10  0 0 11 31007 6103 2 7 . 9 9  - - - 1 2  R T  3 4 2 0 0  3 1 9 2  1 6 . 2 3  0 . 0  150 0 0 

PART 5 
X P E A T E R S  FOR CABLE S E C T I O N S  9 THROUGH 9 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD 

# FROM C.O. LENGTH L o S S ( D B )  D I F F .  ( D B )  (DB)  T 1  L I N E S  MARGIN MARGIN - 1 3  R T  3 1 3 9 0  6 4 8 5  2 9 . 7 1  0 . 0  2 4 1  0 0 

PART 6 
REPEATERS FOR CABLE S E C T I O N S  1 0  THROUGH 1 0  
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

# FROX C.0. LENGTH L o S S ( D B )  D I F F . ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 
0.0 2 1 5  0 0 1 4  R T  2 5 1 0 0  6707 2 9 . 7 9  - 

Figure 6-5. Output for Run 2 (Continued) 
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TOF : 
T ALPHA ROUTE 2 
1,0,55, 10800,U,P,CDH,N,100 
DR, 3270 
DR, 7700 
2,1,55,12100,B,N,XFAfNf25 
3,2,15,4200,A,N,BHA,Nf25 

RT, 0,7.5,15.0,22.5 
4,3,5,21O,A,N,BKA,A,25 

5,3,10, 
RT,0,7. 
6,2125, 
7 6,101 
RT,0.5, 

1810,AtN,BHA,A,25 
5,15.0,22.5 
8050tBeN,ALA,N,25 
890,A,NlBHA,A,25 
7.5 

8 I 6, lo, 3250, A,N,BHA, A, 25 
RT,0,7.5,15.0,22.5 

RT,0,7.5,15.0,22.5 
10,2,10,2200,B,N,AJA~Nf25 
RTfO,7.5,15.O,22.5 
EOF : 

EDIT: 
> f i l e  
NEXT? 

9,6,5,44O,B,N,ALA,N,25 

> 

Figure 6 6 .  Edited Input File 
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800-TYPE APPARATUS CASE? ( Y  OR N )  
>Y 
ALL PROTECTED REPEATERS TO BE CSED? ( Y  OR N )  
'Y 
REFEATERS AT ALL JUNCTIONS? ( Y  OR N )  
>Y 
REPEATERS WILL BE PLACED AT ALL JUNCTIONS. 

CHANGE LOSS L I M I T ?  ( Y  OR N )  
> n  

*+* D I G I T A L  L I N E  ENGINEERING PROGRAM * * *  
* * a *  I S S U E  5 * * * *  

ALPHA ROUTE 2 

S E C  PRV #T1  S E C  T Y P  P CA PR U N I T  DB/KET LOSS 
# S E C  L I N E S  LEN PLT N CODE SP S I Z E  LOSS L I M I T  R E S I S T  
1 0 55 3270 U P CDM N 100  6.51 32.0 87.6 

DR 
2 1 55 4430 U P CDM N 1 0 0  6.51 32.0 118.7 

DR 
3 2 55 3100 U P CDM N 100 6.51 32.0 83.1 
4 3 55 12100 B N KFAS N 25 4.58 32.0 203.3 
5 4 15 4200 A N BHA N 25 5.08 32.0 76.9 
6 5  5 210 A N BHA A 25 5.08 31.0 3.8 

RT,  0 . 0 ,  7.5.15.0.22.5 

m c u M  
RESIST LENGTH 

87.6 3270 

206.4 7700 

289.4 10800 
492.7 22900 
569.6 27100 
573.4 27310 

7. 5 . io . isio A N BHA A 25 5.08 28.0 33.1 602.7 28910 

a 4 25 soso B N ALA N 25 4 . 5 8  32.0 135.2 628.0 30950 
9 8 10 890 A N BHA A 25 5.08 28.0 16.3 644.2 31840 

RT,  0 . 0 ,  7.5,15.0,22.5 

RT, 0.5, 7.5 
10 8 10 3250 A N BHA A 25 5.08 28.0 59.5 687.4 34200 
RT,  0.0, 7.5,15.0,22.5 

RT,  0.0, 7.5.15.0.22.5 
11 8 5 4 4 0  B N ALA N 25 4 . 5 8  32.0 7.4 635.4 31390 

12- 4 . 10 . 2200 B N AJA N 25 4.16 32.0 37.0 529.7 25100 
RT,  0.0, 7.5,15.0,22.5 

SO5 - NEW CABLE SECTIONS WERE CREATED BY THE PROGRAM BECAUSE 
ONE OR MORE D F S  WERE S P E C I F I E D  WITHIN A CABLE SECTION.  

Figure 6-7. Output for Run 3 

PROPRIETARY - BELLCORE A S D  AUTHORIZED CLIEhTS OSLY 
See proprietary restrictions on title page. 

6-1 1 



B R 902-200- 120 
Issue 2, August 1987 

PART 1 
REPEATERS 
REPEATER 

rl 
1 DR 
2 DR 

4 
5 DR 
6 DR 
7 R T  

FOR CABLE 
D I S T A N C E  
FRCM C . O .  

3270 
7700 

11894 
17397 
22900 
27100 
27310 

S E C T I  ONS 
S E C T I O N  

LENGTH 
3270 
4430 
4194 
5502 
5502 
4200 
2 10 

1 THROUGH 6 
D E S I G N  LEVEL 

LOSS ( D B )  D I F F .  ( D B )  
21.29 - 
28.85 - 
25.20 - 
25.20 - 
25.20 - 
21.35 - 
16.07 - 

MAX 
T1 L I N E S  

>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

157 

BKWD 
MARGIN 

460 
1013 

1441 
0 
0 
0 

1338 

FWD 
U M G  I ?I 

92 
4 60 

1441 
1441 

0 
0 
0 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  7 THROUGH 7 
REPEATER D I S T A N C E  S E C T I O N  DESIGN LEVEL PAD XAX B'KWD K!D 

# FROM C . O .  LENGTH L O S S ( D B )  D I F F . ( D B )  ( D B )  T 1  i i : i E S  MIrRGIN V M G Z : I  
a RT 28910 1810 16.70 - 7.5 136 0 0 

PART 3 
R E P E A T E R S  FOR CABLE S E C T I O N S  8 THROUGH 9 

REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD x FROM C . O .  LENGTH L o S S ( D B )  DIFF. ( D B )  ( D B )  T 1  L I N E S  MARGI:I Y a G I N  

0 0 

9 26924 4024 18.43 - - > l o o 0  2008 2008 
1 0  DR 30950 4025 18.43 - - > l o o 0  
11 R T  31840 890 12.02 - 7.5 398 0 0 

PART 4 
R E P E A T E R S  FOR CABLE S E C T I O N S  1 0  THROUGH 1 0  
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD x FROM C . 0 .  LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 

0.0 14 1 0 0 12 R T  34200 3250 16.52 - 
PART 5 
REPEATERS FOR CABLE S E C T I O N S  11 THROUGH 11 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD 

t FROM C . 0 .  LENGTH L C S S ( D B )  D I F F .  ( D B )  ( D e )  T 1  L I N E S  MARGIN MARGIN 

0 0 13 R T  31390 440 9.52 - 7.5 > l o o 0  

PART 6 
R E P E A T E R S  FOR CABLE S E C T I O N S  1 2  THROUGH 12 
R E P E A T E R  D I S T A N C E  S E C T I O N  D E S I G N  m L  PAD MAX BKWD FWD 

# FROM C . 0 .  LENGTH L o S S ( D B )  D I F P .  ( D B )  ( D B )  T 1  L I N E S  MARGIN MARGIN 

0 0 14 R T  25100 2200 16.65 - 7.5 >loo0 

Figure 67.  Output for Run 3 (Continued) 
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8 0 0 - T Y P E  APPARATUS CASE? ( Y  OR N) 
'Y 
ALL PROTECTED REPEATERS TO BE USED? ( Y  OR N) 
'Y 
REPEATERS AT A L L  J U N C T I O N S ?  ( Y  OR N) 
>n 
CHANGE LOSS LIMIT? ( Y  OR N )  
>n 

*** D I G I T A L  L I N E  E N G I N E E R I N G  PROGRAM ***  
****  I S S U E  5 * * * *  

ALPHA ROUTE 2 

S E C  PRV #T1  S E C  T Y P  P CA PR U N I T  
# S E C  L I N E S  LEN PLT N CODE SP S I Z E  
1 0 55 3270 U P CDM 

2 1 55 4430 U P CDtf 

3 2 55 3100 U P CDN 
4 3 55 12100 B N KFAS 
5 4 15 4200 A N BHA 
6 5  5 210 A N BHA 

7 5 10 1810 A N BHZi 

8 4 25 8050 B N ALA 
9 8 10 890 A N BHA 

R T ,  0.5, 7.5 
1 0  8 10 3250 A N BHA 
R T ,  0 . 0 ,  7.5,15.0,22.5 
11 8 5 440 B N ALA 
RT, 0 . 0 ,  7.5,15.0,22.5 
12 4 10 2200 B N AJA 
RT, 0 .0 ,  7.5,15.0,22.5 

DR 

DR 

R T ,  0 .0 ,  7.5,15.0,22.5 

R T ,  0.0, 7.5,15.0,22.5 

N 1 0 0  

N 100  

N 1 0 0  
N 25 
N 25 
A 25 

A 25 

N 25 
A 25 

A 25 

N 25 

N 25 

DB/KFT 
Loss 
6.51 

6.51 

6.51 
4.58 
5.08 
5.08 

5.08 

4.58 
5.08 

5.08 

4.58 

4.16 

Loss 
LIMIT R E S I S T  
32.0 87.6 

32.0 118.7 

32.0 83.1 
32.0 203.3 
32.0 76.9 
31.0 3.8 

28.0 33.1 

32.0 135.2 
28.0 16.3 

28.0 59.5 

32.0 7.4 

32.0 37.0 

C u M m  
R E S I S T  LENGTH 

87.6 3270 

206.4 7700 

289.4 10800 
492.7 22900 
569.6 27100 
573.4 27310 

602.7 28910 

628.0 30950 
644.2 31840 

687.4 34200 

635.4 31390 

529.7 25100 

S O 5  - NEW CABLE S E C T I O N S  WERE CREATED BY THE PROGRAX BECAUSE 
ONE OR MORE DRS WERE S P E C I F I E D  W I T H I N  A CABLE S E C T I O N .  

Figure 6-8. Output for Run 4 
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PART 1 
REPEATERS 
REPEATER 

# 
1 DR 
2 DR 
3 
4 

J C T  
5 
JCT 

6 R T  

FOR CABLE 
D I S T A N C E  
FROM C . O .  

3270 
7700 

12700 
19009 
22900 
25078 
27100 
27310 

S E C T I O N S  
S E C T I O N  

LENGTH 
3270 
4 4 3 0  
5000 
6309 
3890 
6069 
2021 
2231 

1 THROUGH 6 
D E S I G N  LEVEL 

LOSS ( D E )  DIFF.  ( D E )  
21.29 - 
28.85 - 
28.90 - 
28.90 - 
17.82 1.9 
28.90 - 
10.27 0.6 
18.84 - 

- - 
7.5 

MAX 
T1 L I N E  

> l o o 0  
> l o o 0  
> l o o 0  
>loo0 

324 

83 

- 
- 

:S 
BKWD 
MARGIN 

4 6 0  
460 
655 
655 

1338 

0 

- 
- 

FWD 
MARGIN 

9 2  
4 6 0  
655 
655 

393 

0 

- 
- 

PART 2 
REPEATERS FOR CABLE S E C T I O N S  7 THROUGH 7 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD # FROM C . O .  LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D E )  T 1  L I N E S  MARGIN MARGIN 

7 RT 28910 3831 19.47 - 0.0 72 0 0 

PART 3 
REPEATERS FOR CABLE S E C T I O N S  8 THROUGH 9 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  LEVEL PAD MAX BKWD FWD 

it FROM C.0. LENGTH L O S S ( D B )  D I F F . ( D B )  ( D E )  T 1  L I N E S  MARGIN MARGIN 
292 393 655 

J CT 30950 5631 25.79 1.6 - - - 
16 0 0 

7.5 434 0 0 

8 25318 6308 28.90 - - 
9 31024 5706 26.17 - - 

1 0  R T  31840 815 11.64 - 

PART 4 
REPEATERS FOR CABLE S E C T I O N S  1 0  THROUGH 1 0  
REPEATER DISTANCE S E C T I O N  D E S I G N  LEVEL PAD VAX BKWD FWD x FROM C . O .  LENGTH L o S S ( D B )  D I F F . ( D B )  ( D E )  T 1  L I N E S  MARGIN M A R G I N  

16  0 354 
0.0 153 0 0 

11 31023 5705 26.17 - - 
12 RT 34200 3176 16.14 - 

PART 5 
REPEATERS FOR CABLE S E C T I O N S  11 THROUGH 11 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD n FROM C.0. LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  TI. L I N E S  MARGIN MARGIN 

0 .0  374 0 0 13 R T  31390 6071 27.81 

PART 6 
REPEATERS FOR CABLE S E C T I O N S  12 THROUGH 12 
REPEATER D I S T A N C E  S E C T I O N  D E S I G N  L E V E L  PAD MAX BKWD FWD 

Y FROM C.0. LENGTH L o S S ( D B )  D I F F .  ( D B )  ( D B )  TI. L I N E S  MARGIN MARGIN 
0 . 0  4 12 0 0 14 RT 25100 6090 26.97 - 

Figure 6 8 .  Output for Run 4 (Continued) 
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6.3 Esampie 2 
In this example, the engineer has received an order for two FIigh Capacity 

Digital Scnice (trCDS) lines in the Xkgatec building. There is an existing IICDS 
h e  on thc third foor .  The new senices are to go on the cighth and tenth floors. 
Refer to Figure 6-9. 

The engineer looks at the records and notes that there is an existing apparatus 
case in the manhole outside the building, and that there are vacant pairs for T1 c31- 
rier usage in the case. The case is 2200 feet from the m d r a m e  of the central 
office. The network channel terminating equipment (SCTE) on the thud floor con- 
tains a line build out loss of 7 . 5  dB. 

I t  is generally beneficial to both the customer and the operating company to 
design the IICDS circuits on the customer side of the netuork interface irithout a 
h e  repeater, if posslble. Since there is only one riser cable, repeaterless route junc- 
tions will be formed when the new services are installed. I t  has been noted that 
DILEP I1 wdl handle only one repeaterless route junction in a repeatered section in 
a given run, but with successive runs more than one can be designed. See Section 
2.3 ,  Route Junctions. 

The engineer has noted that, in the hlegatec building, the two new semices 
wdl cause two repeaterless route junctions to be formed, one on the third floor and 
one on the eighth floor. Using the technique in Figure 2-1 , two successive runs 
wlll have to be made. 

For these runs, the HCDS rules outlined in Section 2.6 will be followed. This 
means that the customer end section (last line repeater to the SCTE) will be Lirmted 
to 22.5 dB. In each of the runs, the engineer limited all cable sections following the 
demand repeater to 22.5 dB by entering a reduction of 9.5 in column 11 of the 
Route Data Sheet, as shown in Figure 6- 10. Because the repeaters are protected, 
DILEP I1 subtracts 9.5 dB from 32 dB, yielding 22.5 dB. The engineer also wants 
repeaterless route junctions in the customer end section and the interactive question, 
"Repeaters at All Junctions?" will be answered no in all runs. 

For run 1 ,  the engheer inputs the existing cable from the CO, the existing 
repeater as a demand repeater, and the building cabling. The existing HCDS loca- 
tion is input as an R T  with the 7.5 loss pad. (Refer to Figure 6-10). This run will 
include the new location on the tenth floor, leaving out the eighth floor location. 
The file input and run results are shown in Figure 6- 1 1. 

location and adds the cable information for the eighth floor location. The file input 
and run results are shown in Figure 6- 12. 

Both runs show that the repeaterless route junction formed at the third floor is 
within the 7.5 dB maximum loss limit. For run 1 it is 1.1 dB and for run 2 it is 0.4 
dB. To arrive at the level difference at the repeaterless route junction on the eighth 
floor, the eighth floor section loss in run 2 ,12.29 dB, is subtracted from the tenth 
floor section loss of 12.92 dB in run 1 ,  yielding a 0.63 dB loss difference at the junc- 
tion at the eighth floor. 

Run 2 includes the same information as run 1 ,  but leaves out the tenth floor 
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;hother  way to get this loss difftrential for the repeaterless route junction on 
the eighth floor is to makc a third run, leaving out the location on the third floor 
(1 ; ig re  6-13). The result is the same. In this run, the en-heer input the loss pads 
that DII.EP I1 selected in the previous runs. \;hen making successive runs  for 
repeaterless route junctions, the engineer must be careful to input &e values from 
run to run. It \vi11 probably be faster to make the manual subtraction. 
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SINGLE TENANT BUILDING 

FLOOR - 10 05' BKTA-2- 

2 T 1  0 HCOS 

FLOOR - 9 

I 
I 

BASEMENT 25 T1 @ 360' BKTA-9 

NONSRESSUWED 

~~. Pl?ESSURIZED 2200' WTC-12 T0C.O 

E X I S M  P E P "  

Figure 6-9. Megatec Building Schematic 
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TOF : 
T MEGATEC BLDG HCDS RUN 1 
1,0,100,2200,U,P,CDTClN,100 
DR 
2,1,25,360,U,N,BKTA,N,5OIl9.5 
3,2,25,75,U,N,BKTA,Al5OlI9.5 
4 , 3 , 5 , 1 O 5 , U , N , B K T A l A , 2 5 , , 9 . 5  
RT,7.5 
5,3,20,120,U,N,BKTA,Al5OIl9.5 
6,5,2,32,U,NIBKTA,A,25,,9.5 

RT,0,7.5,15.0 
EOF : 
800-TYPE APPARATUS CASE? (Y OR N) 
>Y 
ALL PROTECTED REPEATERS TO BE USED? (Y OR N) 
>Y 
XEPEATERS AT ALL JUNCTIONS? (Y OR N) 
> n  
CHANGE LOSS LIMIT? (Y OR N) 
> n  

7 1 6 1 2 1 8 5 , U , N , B K T A , A , 2 5 , , 9 . 5  

*** DIGITAL LINE ENGINEERING PROGRAM ***  
****  ISSUE 5 * * * *  

MEGATEC BLDG HCDS RUN 1 

SEC PRV #T1 SEC TYP P CA PR UNIT DB/KFT LOSS 
# SEC LINES LEN PLT N CODE SP SIZE LOSS LIMIT RESIST 
1 0 100 2200 U P CDTC N 100 8.07 32.0 93.7 

2 1 25 360 U N BKTA N 5 0  8.06 22.5 15.3 
3 2 25 75 U N BKTA A 5 0  8.06 22.5 3.2 
4 3  5 105 U N BKTA A 25 8 . 0 6  22.5 4.5 

5 3 20 120 U N BXTA A 50 8.06 22.5 5.1 
6 5  2 32 U N BKTA A 25 8.06 22.5 1.4 
7 6  2 85 U N BKTA A 25 8.06 22.5 3.6 

DR 

RT, 7.5 

RT, 0.0, 7.5,15.0 

C U M C U M  
RESIST LENGTH 

93.7 2200 

109.1 2560 
112.3 2635 
116.7 2740 

117.4 2755 
118.7 2787 
122.3 2872 

PART 1 
REPEATERS FOR CABLZ SECTIONS 1 THROUGH 4 
REPEATER DISTANCE SECTION DESIGN LEVEL PAD MAX BKWD FWD 

# FROM C.0. LENGTH LOSS(DB) DIFF. (DB) (DB) T1 LINES MARGIN MARGIN - >loo0 1041 0 1 DR 2200 2200 17.74 - 
JCT 2635 435 3.50 1.1 - - - - 

7.5 74 0 0 2 RT 2740 540 11.85 - 
PART 2 
REPEATERS FOR CABLE SECTIONS 5 THROUGH 7 
REPEATER DISTANCE SECTION DESIGN LEVEL PAD MAX BKWD FWD 

3 RT 2872 672 12.92 - # FROM C.O. LENGTH LoSS(DB) DIFF. (DB) (DB) T1 LINES MARGIN MARGIN 
7.5 58 0 0 

Figure d 1 1. Output for Run 1 
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TOF : 
T MEGATEC BLDG HCDS RUN 2 
1,0,100,2200,U,P,CDTClN,100 
I?R 
2,1,25,360,U,N,BKTA,NI50,,9.5 
3,2,25,75,U,N,BKTA,AI50,,9.5 
4,3,5,105,U,N,BKTA,A125119.5 
RT,7.5 
5,3,20,120,U,N,BKTA,Al5Ol,9.5 
6 , 5 , 6 , 4 0 , U , N , B K T A , A , 2 5 , , 9 . 5  
RT , 0 I 7.5 I 15 . 0 
EOF : 
800-TYPE APPARATUS CASE? (Y OR N) 
'Y 
ALL PROTECTED REPEATERS TO BE USED? 
>Y 

>n 

>n 

(Y OR N) 

' REPEATERS AT ALL JUNCTIONS? (Y OR N) 

CHANGE MSS LIMIT? (Y OR N) 

***  DIGITAL LINE ENGINEERING PROGRAM *** 
**** ISSUE 5 ****  

MEGATEC BLDG HCDS RUN 2 

SEC PRV # T l  SEC TYP P CA PR UNIT DB/KFT LOSS CUM CUM 

1 0 100 2200 U P CDTC N 100 8.07 32.0 93.7 93.7 2200 
# SEC LINES LEN PLT N CODE SP SIZE LOSS LIMIT RESIST RESIST LENGTH 

DR 
2 1 25 360 U N BKTA N 50 8.06 22.5 15.3 109.1 2560 
3 2 25 75 U N BKTA A 50 8.06 22.5 3.2 112.3 2635 
4 3  5 105 U N BKTA A 25 8.06 22.5 4.5 116.7 2740 

RT. 7.5 
5. 3 20 120 U N BKTA A 50 8.06 22.5 5.1 117.4 2755 
6 5  6 40 U N BKTA A 25 8.06 22.5 1.7 119.1 2795 

RT, 0.0, 7.5,15.0 

PART 1 
REPEATERS FOR CABLE SECTIONS 1 THROUGH 4 
REPEATER DISTANCE SECTION DESIGN LEVEL PAD MAX BKWD FWD 

# FROM C.O. LENGTH LCSS(DB) DIFF. (DE) (DB) T1 LINES MARGIN MARGIN 
104 1 0 

J CT 2635 435 3.50 0 . 4  - - 
7.5 74 0 0 

1 DR 2200 2200 17.74 - - > l o o 0  

2 RT 2740 540 11.85 - 
- - 

PART 2 
REPEATERS FOR CABLE SECTIONS 5 THROUGH 6 
REPEATER DISTANCE SECTION DESIGN LEVEL PAD MAX BKWD FWD 

i )  FROM C.O. LENGTH LOSS (DB) DIFF. (DB) (DB) T1 LINES MARGIN MARGIN 
7.5 6 6  0 0 3 RT 2795 595 12.29 - 

Figure 112.  Output for Run 2 
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TOF: 
T MEGATEC BLDG HCDS RUN 3 
1,0,100,2200,U,P,CDTC,N,lOO 
DR 
2,1,25,360,U,N,BKTA,N,50,,9.5 
3,2,25,75,U,N,BKTA,A,50,,9.5 
1,3,20,120,U,N,BKTA,AI5O,,9.5 
5,4,6,4O,U,N,BKTA,A,25,,9.5 
RT,7.5 
6,4,2,32,U,N,BKTA,A,25,,9.5 
7,6,2,85,U,N,BKTA,A,25,,9.5 
RT,7.5 
EOF: 
800-TYPE APPARATUS CASE? (Y OR N) 
' Y  
ALL PROTECTED REPEATERS TO BE USED? ( Y  OR N) 
' Y  
REPEATERS AT ALL JVNCTIONS? (Y 
> n  
CHANGE LOSS LIMIT? (Y OR N) 
> n  

* * *  DIGITAL LINE 

OR N) 

ENGINEERING PROGRAM * * *  

****  ISSUE 5 * * * *  

MEGATEC BLDG HCDS RUN 3 

SEC PRV #Tl SEC TYP P CA PR UNIT DB/KFT MSS CL'M CUM 

1 0 100 2200 U P CDTC N 100 8.07 32.0 93.7 93.7 2200 
4 SEC LINES LEN PLT N CODE SP SIZE MSS LIMIT RESIST RESIST LENGTH 

DR 
2 1 25 360 U N BKTA N 50 8.06 22.5 15.3 109.1 2560 
3 2 25 75 U N BKTA A 50 8.06 22.5 3.2 112.3 2635 
4 3 20 120 U N BKTA A 50 8.06 22.5 5.1 117.4 2755 
5 4  6 40 U N BKTA A 25 8.06 22.5 1.7 119.1 2795 

RT, 7.5 
6 4  2 32 U N BKTA A 25 8.06 22.5 1.4 118.7 2787 
7 6  2 85 U N BKTA A 25 8 . 0 6  22.5 3.6 122.3 2 8 7 2  

RT, 7.5 

PART 1 
REPEATERS FOR CABLE SECTIONS 1 THROUGH 5 
REPEATER DISTANCE SECTION DESIGN LEVEL PAD MAX BKWD FWD 

# FROM C.O. LENGTH LOSS(DB) DIFF.(DB) (DB) T1 LINES MARGIN MARGIN 
104 1 0 

J CT 2755 555 4.47 0.6 - - - - 
7.5 66 0 0 

- 1 DR 2200 2200 17.74 - >loo0 

2 RT 2795 595 12.29 - 
PART 2 
REPEATERS FOR CABLE SECTIONS 6 THROUGH 7 
REPEATER DISTANCE SECTION DESIGN LEVEL PAD MAX BKWD FWD 

# FROM C.O. LENGTH LOSS(DB) DIFF. (DE) (DB) T1 LINES MARGIN MARGIN 
7.5 58 0 0 3 RT 2872 672 12.92 - 

Figure 613. Output for Run 3 
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7 .  E R R O R  3IESS.AGES 
1 ~ 1 1 . 1 ~ ~ 1 )  I I  provides three t\.pcj of iliaqo5tic orror messngcs: fatal c'rror J i sy-  

I ~ , \ \ - t i L  : I ~ : ~ ~ . \ ~ c ~ ,  v. Liming c m r  Ji,ign\\.tic mc; . ;dp .  mnil ?y.;tcm trmr Ji.ipo.tic mn,.$- 
,'ic:s. 1'111~11 
J C C ~ \ . >  thc i i b c r ' y  file .inJ rc.id thc.  i n p u t  lincs iinc :it n time. I t '  :in c r ro r  i \  foi.iiiCl 

in <i !i:le of Cl;it;t. that  Iinc is prir1ti.d on thc -i.r;tn, along i\.ith a n  npproprintc iil<ig- 
no.;tic mcsugc .  1111.EP I1 uses the circumfcx ( A )  charactcr as an C K O f  injicator. 
1111,EI' 11 will not calculate rcpeatcr sitcs for a data filc that contains errors. The 
uscr must m A e  the corrections spccified by the diagnostic message before rcrunning 
III[.t.:P 11. The program chocks input data for complctencss and compatibility, but 
is unable to detcrminc its total accuracy. Therefore, rcasonahle care should bc t:ikcn 
in preparing the input data to avoid reruns. 

D I I  1.1' I 1  cn:.inirinicnt is cntcrcci, the  &t,i ihcck rciiitine ~ 1 1 l  

7.1 Fatal Error Diagnostic hlessages 
'rhc Fatal Error Diagnostic .1Icssages apply to all input data statemcnts; t h q  

specify that a line of input data is not acceptable for a specific reason. Table 7-1 
lists all I:atal Error \lessages and gives an explanation of cach. Fatal Error \ lcs-  
sagcs arc dcsignatcd with the prefix "F" and a number. 1Vhen 3 fatal error occurs, 
DILEP I1 prints the actual line of input exactly as the uscr entered it into the data 
file, thcn prints the diagnostic statement. The datacheck routine will print a max- 
imum of five fatal errors for each record it examines. 

7.2 Fj'aming Error Diagnostic hfessages 
The \Yarning Error Diagnostic \lessages (Table 7-2) apply to all input data 

lines 
number. DlLEP I1  will continue to run even though it may encounter warning 
errors. :\u appropriate uarning diagnostic messages are printed after the input line. 

\\-'aming Error \lessages are prefixed with the letter 'TV," followed by a 

7.3 System Error Diagnostic Messages 
System Error Diagnostic Messages provide general information and reminders 

to the user. System Error Diagnostic Messages are designated by the prefix "S" and 
a number. Diagnostic messages may be printed at any time during the execution of 
the DILEP I1 Study program. All System Error Diagnostic hlessages, with 
appropriate action for each, are shown in Table 7-3. 
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Table 7-1. Fatal Error Diagnostic \lessages 

F01 - Character in numcric firld 
Explanarion: :I character other than a bl"k, digit. or dccimal point 
appears in a numcric field. 

FO2 - Invalid character in field 
Explanation: ,.I charactcr other than a blank, c o m a ,  Ictter, digit, or 
decimal point appears in the input line. 

~~ ~ ~ 

F03 - Invalid decimal p i n t  - prrsible missing information 
Explanarion: Fither a decimal point ;vas entercd in an improper field 
or some of the required data *as omitted from the input line. 

FO4 - Jlissing information 
Explanation: S o t  enough dormat ion  was given for this t)'pe of 
record. Please rekr to Section 4. 

FO5 - Field too large - TRLXCATED after eighth character 
Explanation: Input overflow. Too many characters entered for t h s  
field. S o  more than eight characters permitted. 

F06 - Too many fields are entered 
Explanarion: Too many fields have been entered for this type of 
record. For more d e t d ,  refer to Section 4. 

F07 - Cable sections out of sequence 
Explanation: Cable sections must be in consecutive increasing order. 

FOS - Invalid previous section number 
Explanation: One of the following cases has occurred: 1 )  The previ- 
ous cable section number is greater than the current cable section. 
2) More than one cable section is beginning at the CO. 3) X junction 
is described incorrectly. 

F09 - Invalid number of TI lines 
Explanation: The number of digital lines must be greater than 0 and 
less than 1000. 

F10 - Invalid plant type-must be A,  B, or L' 
Explanation: The plant type must be A (aerial), B (buried), or  L 
(underground). 
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Table 7- 1 .  Fatal Error Diagostic >lessages (Continued) 

F11 - Invalid pressurization code - must be S or P 
Explonation: Pressurization code must be S (nonpressurized) or P 
(pressurized). 

F l t  - Invalid caMe code 
Explanarion: Three- or four-letter cable codcs are permitted only. 
The first three letters of the cable code must be one of thc dowable 
codes in Table 2-2 .  If X or S is entered as a fourth lettcr, the cable is 
calculated as reclaimed or screened, respectively. 

F13 - Invalid pair unit separation - must be A, S, or S 
Explanation: Tbe pair unit separation code must be A (adjacent), S 
(nonadjacent), or S (same). 

F1-l - Invalid pair unit size 
Explanation: The pair unit size must be one of the following values: 
5, 9, 11,  12, 13, 16, 17, 25, 50, or 100. 

F15 - Invalid cable section length 
Explanation: The cable length must be a value between 0 and 
99,999,999. 

F16 - RTs cannot be placed adjacent to each other 
Explanation: More than one R T  cannot be placed at the same loca- 
tion. 

F17 - DR location not within current cable section 
Explanation: When the distance of a DR is specified, its distance 
from the CO must be within the cable section entered before the DR 
input. 

F18 - DRs out of sequence 
Explanation: Demand repeaters must be placed in increasing distances 
from the CO. 

F19 - DR cannot be placed immediately after RT 
Explanation: A DR cannot be placed at the same location as an RT. 

F20 - DRs cannot be placed adjacent to each other 
Explanation: More than one DR cannot be placed at the Same loca- 
tion. 
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Table 7- 1 Fatal rrror Diagnostic Slt.ssagcs (Continued) 

F2I - J1Hs out of xqucnce 
E.rplan'ztion: J l a n h o l ~ ~  must be placed at inorcshing distance from 
the CO. 

F21 - RT cannot be placed immediately after DR 
Explmation: :\n R T  cannot be placed at the same location as a I I R .  

F13 - Invalid pad value 
Expkan~iion: Pad i d u e  must fall betibeen 0 and 22.5 

F2-I - Too many manholes entered - \ l A S  50 
Explanation: l h e  maximum number of manholes alloivcd is 50. 

F15 - Too many cable sections cntcred - JIAS 100 
Explanaiion: The madximum number of cables allowed is 100. 
L'srr .4ction: Rcdefine the loop carrier route so that no more than 100 
cable sections are needed. 

F26 - Too many cable scctions created from DR split 
Exp/anation: Too many cable sections now exist due to those created 
by DILEP when a DR is specfied within a cable section. 

F27 - DR/RT/>lH before first cable section not allowed 
Explanation: A DR, RT,  or h1H )vas placed at the CO. The items 
must be located at some point after the first cable section or Lvithm it .  

F18 - Too many DRs entered - 31AX 50 
Explanation: Only 50 demand repeaters can be entered in a route lay- 
out. 

F29 - Invalid record t j p e  
Explanation: The input h e  is not a vahd record type. 

F30 - Invalid loss per kilofoot 
Explanarion: Lser-specfied insertion loss per kdofoot is not within 
the range of losses valid for that wire gauge. 

F31 - Invalid loss limit reduction 
Explanation: The user-specified loss limit reduction entry must be 
between 0 dB and 24 dB. 
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'I able 7-2. Warning Error Diagnostic \lessages 

\\.Ol - Decimal numbcr in whole number field - 'I'RLTCA'I'ED 
Explanation: Waming only. X real number was found in an integer 
field. The value to the right of the dccimd point is truncated. 

M.02 - Pad value is  not a multiple of 7.5 
Explanation: Waming only. Standard pad values are 0, 7.5,  15.0, or 
22 .5 .  IIowever, any value between 0 and 21.5 dl3 may bc cntercd 
after R T  up to a madximum of five (e.g.. R T ,  0, 3.2, 6.4, 10.1, 20.5) .  
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l'ablc 7-3. S>.stcm Frror 11iagnol;tic l lcssagcj 

SO1 - I.imit must be bctbrecn 20.0 mnd 33.5- rccnter 
E.vplu"on: .l'his diagnostic may occur during thc intcr2ctiL.e prvt o f  
the lll[,I.:l ' I I  run if thc uscr attempts to spcclfy a loss limit greattr 
than 33.5 dfl o r  less than 20.0 d1l (gcr t tcr  than 32.0 dn o r  less than 
19.5 dll i f  protected rcpcuters are u d ) .  
L'scr .Acrion: 1:nter a number betwi.cn 20.0 and 33.5 (18.5 and 320)  
inclusive. (1:ntering 33.5 1321 will have no effect o n  repeatcr spacing, 
because the  default loss limit is 33.5 1 2 1  dl3.) 

SO;! - The follob+ing rcpeater section(s) hate l c s  than the 9.2 riiinirnuni 10s 

togcthcr. The uscr may have rcquc.stcd remote terminals, dimand 
rcpcaters, or junctions too close to cach other, or Illl,l!l' 11 may not 
have bccn ablc to e q u d z e  the repeater spacing. 
L'ser .-Iction: llodify the route layout. 'I'his may invo!\t relocating 
remote terminals, demand rcpeaters, or junctions. l ' he  problcm may 
also be corrected by placing a pad in the remote tcnninal if the tiolat- 
ing section terminates in a remote t e rm ina l .  

SO3 - Default insertion loss factor used for cable scction(s) 
Explanarion: Denotes the cable section that contains compojitc cable 
as noted in Table 2-2 .  

SO4 - Sonstandard design - mixcd low/standard capacitance cable 
Explanation: It is strongly recommended that low-capacitance cable 
never be mixed with paper, pulp, or standard PIC cable. Refer to the 
predivestiture Bell System Practice BSP 555-35  I -  10 I ,  Transmission 
and Outside Plant Design Procedures - TI Digital Line Carrier 
Engineering, for detaded information. 

50.3 - Sew cable sections were created by the program because one or more 
DRs were specified within a cable section. 
Explanarion: The cable section numbers of the input file have been 
automatically sequenced by DILEP I1 because demand repeaters 
specified within a cable section. The output report uill show more 
cable sections than the route data as a result of this action. 

506 - DILEP system overload - ABESD code is: . Route is too 
long or too complex - try shortening or simplifying. Contact system 
support if necessary. 
Explanation: The route layout is too large o r  complex for DILEP 11. 
The route must be shortened o r  simphfied. 
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GLOSSARY 

4ppuatus Case - The component of the digi- 
td h e  that houses the h e  repeater. 

.Apparatus C w  Crosstalk (ACNT)-Is  a 
near-end type of disturbance, in that it is a 
LTOSU& from lugh-level outputs to low-level 
inputs. The ACST effect depends on the par- 
ticular apparatus case used. The 800-type 
spparatus cases are not as susceptible to 
ACXT interference as the 475-type cases. 

Binder Group- Binder groups and pair units 
u e  terms that have been used interchange- 
ably. Both are bound with a distinctive rib- 
bon and have a fixed number of pairs. For 
t h s  L‘ser Guide, binder group means an 
entity that maintains the same relative posi- 
tioning in the sheath in relation to all other 
binder groups. 

Bit Rate - The speed at which digital infonna- 
tion is transmitted, usually expressed in bits- 
per-second. 

Bridged Tap-An extension of a cable pair 
beyond the point where it is used, or a branch 
cable that has bridged pairs. A bridged tap 
impairs transmission. 

Build-Out Capacitor - A capacitor added to a 
cable pair to correct the pair’s electrical length 
and thus eliminating any impedance irrrgular- 
ity. 

Cable Code - A four-letter code used to iden- 
tlfy all exchange cables. The fint letter shows 
the standardization sequence of the particular 
type  of cable. The second letter indicates the 
type of conductor insulation. The third letter 
shows the conductor material used in the 
cable, as well as the cable gauge. The fourth 
letter indicates the type of sheath. 

Cable Layup-A cross-section view of the 
number of pain in a unit (a group of pairs 
contained in one binder group) and the 
number of units. They are combined to form 
unit-type cable. 

B R 902-200- I20 
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Capacitance - The property of an electric sys- 
tem comprised of conductors and associated 
dielectrics that detennines, for a given rate of 
change of potential difference between the 
conductors, the displacement currents in the 
system. Also the property that detennines 
how much electrical charge will be stored in 
the &electric for a given potential dderence 
between the conductors. 

CO-End Section -The sections of cable from 
the Digital Cross-Connect Level 1 (DSX- I) to 
the Office Repeater Bay (ORB) to the Slain 
Distributing Frame (>.IDF) to the rirst 
repeater, or from a DLC COT to the SIDF 
to the first repeater. 

Crostdk -Ttus occurs when one transrmtted 
signal crosses over and interferes with other 
transmitted signals. 

Customer Premises Equipment (CPE) - . b y  
single item or assembly of telecommunica- 
tions devices that is connected to the tele- 
phone network but are used by a customer 
and located in space the customer owns, 
leases, or rents. 

Digital Repeater - h electronic device that 
restores the origmal waveshape of digital bits 
during their transmission over a digital h e .  

Digital Loop Carrier-An electronic system 
that reduces the number of pairs required to 
sene a given number of single-party or 
multi-party subscribers. Customers are semed 
electronically between the remote terminal 
and the central office over a fiber pair or a 
small group of copper pain. 

DILEP- Digital Linc Engineering Program, a 
computer tool for determining the locations of 
repeaters along a digital line transmitting at 
the TI bit rate of 1.544 megabits per second. 

DS1-The level in the digital hierachy of 
1.544 megabits per second, the digital signal 
level 1. 

End Section-The length of cable from the 
last line repeater to the customer’s network 
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mterfase (YT and the length of cable from the 
I I to the nct i rork channel  terrrunating equip- 
ment ( \ C T F ) .  or the length of cable from the 
last line repeater !o !he remote t e m h a l .  

Equalization -The process of reducing 
attenuation distortion and. or phase distortion 
of a cucuit by introduction of networks that 
add compensating attenuation and or time 
delay at vyious frequencies in the transmis- 
sion band. 

Far-End Crwtalk (FEXT) - Crosstalk that 
occurs between digital signals in the same 
direction of transmission along the digital line. 

Fiber H u b - . h  outside plant location where 
fiber cables ternhate .  The hub contains mul- 
tiplexers and other equipment that convert 
optical signals to electrical signals, which are 
then canied to customer locations over physi- 
cal or derived pairs. 

High Capacity Digital Senice (HCDS)- 
HCDS provides two-point private line full- 
duplex transmission of 1.544 megabits per 
second between a Central Office and a custo- 
mer premises or between two customer prem- 
ises. 

Impulse Soise - Yoise due to short-duration, 
hgh-energy level spdces (voltage), nonnally 
caused by switching circuits in the central 
office on voice-frequency pairs or ?TY cir- 
cuits. 

Induction -The process by which a change in 
current in one circuit causes a corresponding 
change in an adjacent Circuit due to  magnetic 
coupling, or by which a voltage on one con- 
ductor causes the opposite voltage to appear 
on another conductor with which there is 
electrostatic coupling. 

Insertion Lms - The transmission loss caused 
by insertion of a component or  network in a 
circuit. The ratio of power received at a load 
before insertion to that received at the load 
after insertion, expressed in decibels. 

Interpair Crosstalk Coupling L w  - The loss 
in dB from a disturbing circuit to the dis- 
turbed circuit. 

Kilohertz (kHz) - [ I )  One thousand hertz. ( 2 )  
One thousand cycles-per-second. 

L.ATIS - .4 computer tool that collects fachty 
modlfications, cable troubles, and assignment 
changes by T r a c h g  Unit. It  also ranks 
Traclung Units for the Fachty Xnalysis Plan 
(F.AP). A T r a c h g  Lnit is normally a Distri- 
bution k e a  (DA) or a group of DXs wlthin 
an Allocation k e a ,  Carrier Semmg Area. 

Layup - See CaMe Layup. 

Line Build Out (LBO) - See Pad. 

Loop Plant-The name of the part of the 
telecommunications network that supplies ser- 
vice between customer locations and the 
equipment that switches their calls. Called 
“loop plant” because it originally consisted of 
the wire loops that form the electrical circuits 
between the customers and the switch. 

Loss Factor-A measure of the relative 
amount of heating that wdl occur in a dielec- 
tric material that is in an altemating electric 
field. Heating is directly proportional to fre- 
quency and the loss factor. 

>fain Distributing Frame - The interface 
between the outside plant and the switch, 
where customer lines terminate on vertical 
strips, central office equipment terminates on 
horizontd strips, and the two are intercon- 
nected by jumper wires. 

>lask-A representation, drawn on a 
computer-terminal screen, of a framework on 
which users can enter data. A mask usually 
consists of labeled fields; the user can move 
the cursor among the fields to enter, update, 
or delete data. 

Menu-A list of choices drawn on a 
computer-temitnd screen. A menu usually 
lists a number of options to be selected from 
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ivhen ci user employs a computer program as 
a tool in perfo&g work. 

\lultiunit Cable- Copper or aluminum cable 
thai rncide up of more than one group of 
Lnsuhtcd \!ire pain bound. insulated, and 
color-coded as a umt. 

Scar-End Crosstalk (YEST) - Crosstalk that 
occurs between the two ddlerent directions of 
tran3mission along the digital Line. 

s‘etwork Interface ( \ I )  - The physical dernar- 
cation point between the operating company 
equipment and plant, and the custorner- 
o u m d  equipment and plant. 

Xonpressurized Cable - Lengths of cable that 
are isolated from the air-pressurization system, 
w h c h  forces air through the cable network to 
prevent entry of water. 

Office Repeater Bay (ORB) - Provides power- 
ing and equalization of the digital h e s .  The 
office repeater regenerates the incoming or 
receiving signal from the customer or the 
remote terminal. It does not have a regenera- 
tor in the outgoing or send side, but usually 
has arttficial Lnes or loss pads in both direc- 
tions. 

Pad- Used to add loss in a TI section, to 
snsure the minimum loss in an end-section, or 
to ensure that the signal level mismatch at a 
repeaterless junction is not over the allowable 
lirrut. :hother  name for pad is a Line Build 
Out (LBO). 

Pair-Two wires of a single circuit associated 
together by twisting, binding, or by an overall 
braid or cover. May be laid spirally or paral- 
lel. The h s t  wire of the pair is designated the 
“tip” and the second as the “ring;” or  some- 
times they are designated as the “wire” and 
the “mate.” 

Pair Unit - See Binder Croup. 

PLAX-The LEIS system current planning 
module that performs the planning, analysis, 
and eiraluation features previously found in 

Power Line Induction - Induction that. 
because of its sound or frequmcy, is 
identifiable as coming from commercid pou.er 
I ~ c s .  I t  may be noise induction at h m o n i c s  
of the power trcqucncy, or low-frequency 
induction at 60 €lz, 110 ~ I z ,  or IS0 I l z .  

Pressurized Cable - Telephone cable that is 
protected against the entrance of moisture at 
sheath breaks by tilling the intcrior of‘ the 
cable with dr). air  or nitrogcn, at a prci<ure of 
about 7 psig for a e n d  cables and I O  psi3 for 
underground cables, permitting this prCSsUrC 
to drop to 2 psig at the far end of the cables. 
Either a sharp reduction in gas pressure or a 
sharp increase in the rate of gas flow actuates 
a l a r m s  to call attention to the presence of a 
leak. 

Protected Repeater - Recommendcd for 
underground, buried, or aerial installations 
where protection from lightning and pouer 
surges is required. 

Remote Data Entry System (RDES) - An 
editing program used to create and modify 
such programs as DILEP, EFRAP, €:\SOP, 
and LFAS. 

Remote Terminal (RT)-The part of a sub- 
scriber loop carrier system that is placed at a 
site distant from the central office and the car- 
rier system’s central office terminal. The 
remote terminal and the central office terminal 
are usually connected by wire pairs that cany 
multiplexed digital or analog telephone 
conversations between the two terminals. 
The RT, located in a cabinet or hut, contains 
electronic circuits that demultiplex the carrier 
signals and maintain both the RT and the 
digital lines. 

Resistance-The property of a conductive 
material that determines the current that will 
be produced by a given ditrerence of potential. 
The practical unit of resistance is the ohm. 

Route Junction-A route junction is formed 
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n,hcn TI 1ini.s from one  or more branches 
cntcr thc > . m e  c~bi i .  sheath. 

Signal I.cscl l l i s m a t c h  - :\ difference in the 
mq-iitude or phssc of tu'o impedances that 
causes reflections d id  prevents ma.ximum 
powcr transfer. 

Simplex Resistance - Is one-half the cable 
resistance of the digital line and is found on 
the DILEP output. 

T1 Bit Rate-;] rate of 1.544 megabits-per- 
sccond. 

TI Digital Facility- Is the fachty, wluch is 
either copper or fiber, for transmitting the 
digital signal between two locations. The TI 
line in a copper environment uses a four-wire 
transmission or t\vo cable pairs, one for 
transmit and one for receive, with the neces- 

repeaters or other powering devices inter- 
mediately spaced along the line. 

T i m e  Sharing -The use of a facility or picce 
of equipment for more than one purpose or 
function. or  for repetition of the same func- 
tion r v i t h  the same overall t h e  period. 
T h s  is accomplished by interspersing or inter- 
leaL.ing the required actions in time. 
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(Insert Your Company Logo) DlLEP II 
Route Data Sheet 

r l t P  Name (One To Eight Characlers) Oala 

1 1 1 1 1 1 1 1  
norile Descript ion (Up To 78 Characters) 

1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 @I @ 43 0 

Unit SIze Insertlon Loss 
Loss Factor Llmll Pnlr Unlt 8, e. 11.12. 

Separallon 13.18.17.25. dBlKFl Reducllon 
S, A. N 50, Or 100 AT 112 kHt * *  (dB) '** 

Cable 
Code * 

Type Of 
Constmctlon 
A. 0. u 

I 1 I 1 I I 
I 

M . Manhole O R  - Demand Repeater RT . Remote Termtnal. Pad Value I 800-Type Apparalus Case? (Check One) I1 Ye3 El No 

At1 Prolecled Repeaters? (Check One) I : Yes I I N O  1 Rapeaters AI  All Juncl lons7 (Check Ono) 11 Ye3 (1 No I Reduce Loss L lml t?  (Check One) n Yes 0 No If Yes. To What? dB 
~ ~ ~~ ~ ~~ 

Three Or Four Letter Code (I1 The Cable Is Reclalmed Or Screened. The 41h Letter Becomes "X" Or "S". Respecllvely ) .. 
k c .  Only If  Necessary To Ovrrr ide Dltrp II 

24 dB Maximum 
... 


