B X WX T9-16-5-1

S dlolel FAlsl4de] 54 A4

(The Analysis of Local Data Communication
Line Characteristics)

& H O F*
(Kim, Dong Kyoo)

= #

1960 W Sk o] F AAAYe: Pr 4Ade 73 T8 vHHH Fobkd A data F
ASAFE FAle| FAE wlFEe 1 FFH-E FHeskAl HAx7] s Al3tekgict

o]8 THEE AL = T4 MY A3 A nkG 54o| TS 2 AFHE7 HelHe
of B Aol 4 FHolch B ETL 1973dE o] FHE Atz o Hokdl FAH wvlojelg A
o deta 2o B4ddte Hrix iy ZAEF AT YA # k& st

Ao s Fx4, B4 F5, $4 =, block ¥ 27, F4 7Y x4 5454 #E FA4Al
Ao 2EH oY 549 error rate, T3+ 4, 4F S4F& ¥4 2 @shdew  block 9
277} performanceel v & Qe slMqsted ket £¢ 9600BPS 4 nds §49 7tv4
€ AEFAY

Abstract

Since the second half of 1960’s one of the information industry's most vital, yet least -
well —understood areas has evolved - Data communications.” Computer communications.

To successfully realize this field we have to identify and reveal a variety of fundermental
characteristics of communications channels and see their high reliability as prerequisites.

This paper has accumulated related data from 1973 on, systematically analyzed them
and provided some basic back ground and suggestions.

Error rate which is the final and external characteristics of communication lines accor-
ding to channal types, communication types and speed, block length and geographical
difference between test points was extensively examined as well as their frequercy response
and d—-c characteristics. The perspective of 9600 BPS high speed data communications

was also discussed.
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Fig. 1. Test circuits for leased lines.
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H 1 &4 bit error data (¢ %) (KIST &AL sllofel ¢ A)

Table 1. Bit error data of leased lines. (accumulated percentage)

Bit I Test £ W4 error bit WEF
+ 3k %l-’F‘ i : T ]
rate L 1 4 2 13-4 [5-10 11-»20521»50151—100 101 -200 | 201 -
KIST I RN |
4800 | Y0 1150 90.0| 90.0) 900] 91.3] 927| 947! 980 98.7 99.3 100
A A4
2400 KIST,, 150 | 813] 827! 867, 900! 91.3] 980 987] 100
4554
KIST
2400 |0y, (5281 797\ 799 835) 852| 90.7) 936 955 98.1 99.] 100
AT 2 1
!
300 | BI5T 1hso| 913] 13| 933| 953| 973 99.3| 100
A g4 ’
150 " 150 | 940 | 960] 980| 993) 993) 993} 100
110 ” 1501 96.7 | 96.7! 98.0| 99.3| 100
{
2 2. A-849 Block error dataCrA2%) (KIST ;AR ool e} & A)
Table 2. Block error data of leased lines.(accumulated percentage)
} Bit Block Block  error v £ 4 !
! + o7 35 -
i rate length [ 0 1 2 3-4 5~6 | 7-10 | 11-
KIST WECQ 63| 150 93.3 97.3 98.7 100
| 4800 o, | CCITTSW |~ 853 92.0 95.3 96.7 97.3 98.0 100
l AEE4 | jcCc 2047| # 67.3 82.0 8801 940 967 96.7 100
WECO ” 99.3| 100
| 2400 ” CCITT ” 85.3 92.0 95.3 97.3 99.3 99.3 100
’ iCC " 80.6 85.3 8.0 92.0 94.7 97.3 100
KIST WECO 146 98.6 990 | 100
2400 ) 1 CCITT ” 91.8 959 96.6 97.9 986, 100
A4 | icc " 81.5 89.7 932| 966 973 99.3 100
7 A AT 2 ICC £F AW T4 o £ Ao yehg
4 - 3. Block error rate =3
A4 9 Hojel 42 asynchronous = bit whH$ ol R g error 7} AW FEL AW o|aL A& F
2, synchronous ¥ blockat$iz o]fe] =z =g Zbe AFHor wA4d-g oojgivt, wel4 L pit

2400 BPS o] 48] # Lol block error ratez} 5
oA CCITT & 7o bk " 3o givt
4ol o] FoA block sizex= WECOZF 63 bit,
CCITT 7t 511 bit, ICC~»}t 2047 bitojrt, o A
e B2 B3 Y2 2Y 3o vhept et A
g5 Aats] wd 48 AN T2k bit
rate 7k 2.24 X 107, 419 F7to] 967 x 100 =
49 F7kel oy block error rate ¥ CCITT

error

error rate @ @ error7k AF Al He|, zEm
error 7} AF=9 Fo A Block length 7} RS
£ data §41¢ A&l ¥A Hox ¥E + Ao

4-4, Block lengthell =gt mat
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3. Error rate 3 5 (KIST alApy
3. Summarized error data.

dle] e} & A)

NS T8 KIST 384 A va ] drAd | B 4Aw | Faad [RST e
Type NBPE L“‘" A g o & |22 | ¥ o2 | &2 o2 | 4 o2
‘ 4
9600 ‘ 1 ! 8.15
4800 5.83 |
I bit 2400 224 12.% 967 464 23.03 13.08
e 300 8.13 59.41 | 21.36 12.03 70.07
150 682 97.7% | !
110 3.24 78,57 | 1 8.70 12.5] 254.90
lec 2400 109 348 0.58
block 4400 169
wa’ ' 9600 5.05
| carT | 2400 0.41 163 0.27 1.21 430 178
block 4800 0.49
X100 | ggqy | 141
WECO block | 2400 0.01 0.41 0.02
X 1073 ‘ 4800 0.11

Z 4 CcCITt
Table 4. CCITT

(544972 154)

recommendation(Bit error rate)
recommendation (Bit error rate)

Bal{lvs_“j’“ -+ Max. bit error rate
1200 | % % -3 -
1200 o & 5x107°
600 + F 103
600 o & 5108
200 ¥+ F 104
200 4 & 5 x10°°
—— 4800 —=== 9600

/ 2

v

i 5

Eror block #/10® block

a8 2. Block length® block error rate
(AW 2840)
Fig. 2. Block error rate accoding to block length.
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TTD =2 (Dcts+ Dp+Dm)-+Dr + Tack +Dt D
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714 2 Hs e vhEd 2ok

SER

overhead

Dcts: Terminal®l RTS(request-to-send) signal
o o skl modemol| /| CTS(clear-to-send) &
et Hels £ 49 A]/F

Dp: &% wake g signal of Wantd dels 4
o A7k

Dm : Modem ¢ transmitter ¢+ receiver 32§
Fapshed Arle F e Az

Dr : Data® <A4l%t & logical check& 7 # RTS
E e esdaz Aele F45Y 3H Az

Tack : Modem bit ratee} a3 & ACK signal & ¢
Bated Aele A7

Dt: Dra 2 A8 FAF Az
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o Hedgd ALY F 4l software & #-&oll aeb

el xa F83 AL block data AHAo AF A

Zve TTDS AA 847} oty Me|ot,

Ul REE e GE dFEE YRS

Lpic @ Block length24 3 block® T4+ Dbit

o &
Ny @ 4% block ¥ M
prs : 7\"_46: é;‘i

Epie - Block error rate 2 4 & block-& =&

ki
2ol wAal& error hlock 9 Saldl 44

iy
T2

1€4 ¢l block

7b =lef,

2ele NS blocke = 4stin £8%E 47t
Tne
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Sebps =Ly X (Npe Ny XEp) 7/ Tn
=Lye X Npje (1 - Ey0)/Tn (43
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e 430w A%EsE SebpsE Byl 4 UA S
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4-6. M 2o Sg 4EA] A&

2400 BPS modem® 4# 3 & vol4 TTDE
Al Abste] wed o) Y

TTD=2(150+10+5)+5+ 10+ 2= 347 ms
oleh, g A Hg4del CCITT block error
rate= 041 x 1073, ICCE 1.09 x 1073 ojt},

ol &% 422 A3 wHalsld,

CCITT+=
Tn=511x105/2400+105x0.347 = 55900 ( sec)
Sebpe =511 x10% (1 -0.42x107%)/ 55900

= 912 (BPS)

ICC+
Tn 2047x 10%/ 2400+10° x 0.347 = 119992 (sec)
Sebps = 2047x10% (1-1.09x107%) / 119992

~ 1704 (BPS)
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Table 5. Line characteristic between Seoul and Kyangju(1975).

* *
3000 | -114 [-11.6 |+ 41 [+44 | -135 -18.0
2800 | —10.8 | -11.1 |+ 45 |+45 | —137 -127
2600 | -10.2 [-105 |+47 |+43| -112 -139
2400 | - 9.7 [-10.0 |+48 [+42 | -101 -14.1
2200 | -92 | -94 | +45 |+41| -105 -143
2000 | -85 | -88 | +47 |+44| -94 -125
N | 1800 | ~80 | 82| +48 |+45| -84 -115
T 71600 | 74 | -76 | +51 |+48| -85 -12.2
o 1500 [ 70 -72 451 +49] -85 ~122
1400 | -6.7 | -67 | +51 [+50| -83 -12.0
U [1200 | -60 ] -62 |+52 | +50 -6 -10.9
1000 | -55|-57 |+50 [+50| <70 -10.1
900 | -52 | -53 | +49 [+50 | -70 -102
B0 550 T51 <48 450 -70 ~104
%[ 700 | 46| -48 [ +148 |+53 | -70 2104
| 600 | -45[-46 | +49 [+55] -70 -10.3 o
560 | —45 | -45 | +49 |+55 | -69 -10.2 =
500 | -44 | -44 | +49 |+55 ] -68 ~10.2 -
450 | -43 | -43 | +49 |+55 | -67 -10.3 o e
400 | -4.2 | -42 [ +49 [+55 | -66 -10.2 W X
300 | -4.1 | -40 | +5.0 |+55 | -65 -10.3 = 2
8 g | -601-60 ) e
S A 42 1 —40 -49 -41 — Yo
Z -5 | ~56 T
4 W
7 L2-G| o 0 oo 00 M &
TG = | = | - o | o m
£% LI-L2 | oo oo o0 oo HT =
% | L2-G | 390 | 390 667 700 do
wGIL1-G| 3% |39 668 690
T |Loop | 780 | 780 1335 1300
R 4o +
w — — - N ™
=~ ® ® ® 3 ~O
B B i O .
* * E3 T o o

(7975)

d

<J
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Fig. 5. Frequency response (Seoul)
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Fig. 4. Frequency response.
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5-2. Dial-up system

TEHEL Z vlolet EA4S dial-up system 9
Hul 2 o] Fo] ATk 27 5efl & upeb el local
modem ol &= auto-answer circuit7} F-3tsicy 4
W 35 % 75 3h7) $3tedE remote Fol £ o] %
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5-3.

244 7% bit error ratew CCITT A el
A3z -10% 02 Agducte ¥4 =4 A U=k
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fle 2o AHE e 2oh A $4d FEALE
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Fig. 6. Test circuits for switched lines.
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B 6. Bit error data(:v4 %) ¥ 54 (KIST ALY sliojel 97)
Table 6. Switched line bit error data(accumulated percentage),

Bit 2 + lsae Error bit M &4
rate 0 1 2 |3-4|5-10(11~20(21-50{51~100[101-200 201~

KIST -4&44 | 150 59.3| 613| 66.0| 760 780, 880, 920 96.0 99.3 | 100
ZAEd -ddH | 96 635, 635, 718) 750 792| 854 9587 958 958 | 100

2400 Aol -4 <F 120 408 417 433 466 51,61 591 893| 967 99.2 | 100
A AR AR | 117 66.7| 675| T71.7{ 761 82.1 88.0| 949 974 98.3 | 100
24003 &y [150 773] 787| 79.3] 807| 833| 9.0 980| 100

300 ” 90 866 | 811 944! 967 967 989, 100
” 120 650 70.0] 842 950| 992 100
” 124 556{ 605 645 693 | 790 902| 99.1; 100

150 | KIST -A&#4 | 150 760] 792] 820 853[ 89.3] 927] 9.7] 100

24003 34 |150 787 820] 853] 873 940| 97.3] 93| 100

110 ” 87 89.7| 966 9887 988 98.0| 100
” 120 7671 942 975 983, 99.2]| 100
” 129 535( 581 628 682| 775| 915| 966 97.7| 100
# 1. Block error data(¥3 %) 354 (KIST 44 sl ol e} &A)
Table 7. Switched line block error data(accumulated perceuntage).
i Blod] 0§ 4
Bit 7 2 Block 2 5 ock error -
rate length 0 1 2 3-4 | 5-6 |7-10] 11~
WECO 150 95.3 98.0 98.7 987 98.7 98.7 | 100
2400 KIST A% %4 CCITT ” 68.7 76.7 827 907 94.0 96.7 ”
I CC ” 52.0 620 74.0 80.0 893 93.3 ”
A5 d-9dd CCITT 102 85.3 922 95.1 96.1 96.1 97.1 “
2400 | A -4 & ” 120 41.7 525 66.7 78.3 83.3 90.8 ”
- AF o - R4 ” 108 70.4 778 852 91.7 91.7 954 | ~
100 7 - 100
% /fy* %
9 - 110 oY 7 e 90+
’//igsll,.-'}
e /50///.-"
v '/ -
80‘/’ /o’ PS R 80 4
72400 8PS
70 4 /" 70 4
.'/l
601 €0-
&~ &
°/ 2 4 n & b o w 7 3 i &
Elor bit %/i0° 8it Eror block %/10° block
18 8. Bit error rate BPSH (4841 #54) a8 9. Block length® 2400BPS (A& AW -#54D)
Fig. 8. Bit error rate according to BPS. Fig. 9. Block error rate according to block length,
(Seoul switched lines) (Seoul switched lines 2400BPS)
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19794 108 By THgE H1648 F5R

KIST & o= goll #1218 A& 4 79 £33 4 o]
EFE ¥e 2400 BPSS A fol A48 bit error
rate 7} 2.24x 1060l FHAL
ebv o] Aol FEAL A8A wisld B A
dgoz Agds £ A& AV Yvin B+ 9
i, A71A4 EFAE low speed 2 ARE3k7l 2uhe
high speed dleo] el 5414 dial-up backup o 2
Abgsl= Zlol vhgA st n Y gt

5-4. Block error rate

24003 4800BPSell 4 block error ratez} & &b
ol7b ¢l A2 vebd high speedo] ois <A
ojzt & 4 AR XYW R+ bit error rate ¥ W
4 wlxe oFAe] w|x3trt, Block length7b 2 of A
off wtel error WAl MlEvh elHllEtd Foiln
& BATH,

T 0
U=

6. 9600 BPS S419 7hsM

6 -1. Bit error rate

KISTet of %9 Fairchild #7t8 A gddlA &
= 9600BPS9 bit error rate = 8154 1076
ale) oj+ CCITT 1200 Baud¥ 5x107% i gl
Eo| 7}B 2 okd gt Alejoli bit error rate 8 )
Zuto 2+ conditioning ol 5 AHE7lsd #Ho g

d st Fub S4L ;A A s o g Aot

1226 10760 2 }

¥otE block error 7F AWl o2 Fxiul AdAs
+ ¥ A7 g Rew kg + YAEh

6-3 = A

4800 BPS 9 9600BPS= At A28 xAd £
atej 7t vt (B8, 29 &)

E8 E9a4 Bt ubsl 2ol 9600BPS %42
S/Nul Fatg 540 2ol 480074 ¢ 2l 3~5dbA
] w7} aF51 ferquency response ol
AAAE H4 flat gk S4-E abFA] Aok sl delay
time & v Fob ol rf, A Ty Az del
e FAlG o2 AEssey glA ged 1YW 48 #
Astd Ag-F3F L C28 87 uERE ¢
4 ded dAddE Fohe S4o2+= 9600BPS &
Aol ol ¥-g A el zelv ZF FAFAA oAy
ARE AYTYE 6-1, 6-29 bit error rate
¢} block error rate & zrqtdled £ «f 9600BPSE
£ be¥ Aor agksrt

% 04, 05, 065m=f Aol 0.9mm 4 22 AHRshH
kxd FHolvk, 9600BPSF9 wiol el 412
bit rate %uk o}vjel multi-point 71 5g ol f&he
AAe g4 wig Az ™ Atsldor g Ao 4
7 =t

o
i T

e ]
I

1. 28 % Mgt

6-2. Block error rate o B29 A9 Bit & block error rate =
CCITT+ 1.4x107%, ICCE 5x107%¢0% &35 data -4l A3 CCITT Aratg Ars|dhta glo
7t el 3=l 4800BPS o]stel udte Bit error AALR7E A T T4 AL 4wt Fa)
HE 8. 4800BPS3 9600BPS modem & kol
Table 8. Differences between 4800BPS and 9600BPS modem.
Rate ALg AR Equalization | Bandwidth [#E3S/Ne| = = u 4 1| T
4800 BPS |Unconditioned|{ M anual 900~2600 HZ 17 - 22 4 Phase +AM | Dual 24007)-5
) Two level
9600 BPS c2 Automatic 500~2900HZ | 22 - 25 Dual 48007}
Two phase
2 9. C-type conditioning (A-841) FCC Tariff N 2602 A
Table 9. C- type conditioning of leased line according to FCC Tariff No. 260.
Type F 5 o4 5 4 Delay =04
Unconditioned 300~3000 -3 + 12dbm Less than 1750 us
500~2500 -2 + 8 dbm Over band from 800 to 2600 HZ
300~27100 -2 to +86 Less than 1000 gs
C1 1000~2400 -1 to +3 Over band from 1000 to 2400 HZ
2700~ 3000 -3 to +12 Less than 1750 s 800to 2600 HZ
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ol dolet £4 349 54 ¥4

nto 2 dlo]el §4lel H4d  Uvkn sg=ch
243" block error rate & Al&3sld #HA4 23L& 4
Aebz E43% ARE 20479 bitz F4= block
o] 511708 bit2 T4 5 block 2 perfermance
7b 29 Hx & Aoz depydrh o] A gow
FHEE EA4A FH S s A FHmot s,

Hrbxl meol A& A A E 9 AL T2
o Az AAF) T AL Ad2e4 9600BPSHF ul
ol e} B4le] 7h5¥ Aom Hrf

& ekl 4 FTFEAL 2400BPS#= 8 FAL b
4y AHow stYE T 4800BPS+ &3 dlolEelzt s}
el A A ddE ¥ oF gdvk FF4AE A
4% 7S Yt 53 oF FIJ FHEY A ¥
St $4 FHL HAY J1FEE AHid A E
H87t g Relvh

obg# Aqte 2 A error rate & AF 54, AF
e A obE 2H 54D 54, phase jitter,
phase hit, impulsive noise, F3l4 o] % )o)} @3}
of vl FYst Aozt 2o gkel] AA qpE FHE
E3hod dlo] efd] FA 42 5E ¥ ok A

Digital ol @3 £ A o475 gupsrt,

#A channal-& AH8$3F= packet data communi-

cation®] Mz &8& 243 A=Y U8 4ol Yrt,

8 o

+ ATE HE deleh £ Be £4g Fu P
4 g FYsht ol 2o oA g KIST
A AR 475w, ALK, A FR e
e 7arg =Ydoh
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