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AL ek magnetic ink character recognition (MICR),
wkes F] o FA438 wd g sk=dgle] s14 2.8 3. 7] €} special-purpose terminalEo] -9 o}

-01 w o] ] 1., communication costz} &F]A o
Bl AE R o] 59 terminal o] F/4E A 4. Modem
mho] e},
R84l graphic -&+x9] intelligent termin. vloef A9 b ghota el WY @

bl
.al& ¥ kiloword®] storage, CRT display, U BFE B RS o) &3l:
keyboard, graphic input device, printer, O EGER-S el FEEHY R
.communication modemE o 2 FA=r mass 01/“] #shiido] 300Hzo] A 3,300Hzo] 23 3K
storages} FB= 5 g, z Yol 53 e w4 ARt e

AA-L 5,000~200,000 Ho] 7 300~  HAAT AdlelA vhex, AR AN 4L
9,000 bit & FAExolx, WL processort  7HFl H2E 2 AL Arld] AR
Agt gol b k. = Sy Wk skl A3 FL HEES Adza

7HA el whek &

o2 Ags 4 3t terminal® A= glvl  fFERE 9FE el glon, o FAAA Lo
(1) 7|E} EjRjL U= %450 (MOD ulation), # 3 (DEModulati”
ol felx FEOE AHNE 4 Y& termi-  on)¢ S FfT3h: ol ¥k2 modemo]t},

mal; optical character recognition (OCR), modeme]} 2l sb= HH K S ek

I 2. HEMED modem fRiES

Equivalent
Primary Data Set
‘Data Rate Modulation Typical Price Range Provided By
(bps) Technique Application Stand-Alone PC Cards Only Bell System
Up to 300 Freq. shift Low speed terminals $150— 400 $100— 275 WE 103
.300—1200 Freq. shift Medium speed $300— 500 $200— 350 WE 202
terminals
1400—1800 Freq. shift Remote CRT $400— 600 $§250— 450 WE 202
terminals. etc.
2000—240)  Four Phase, Same as above $800— 2,500 $675— 1,500 WE 201
Vestigial AM
Duobinary FM
3600 Four Phase+AM Same as above $3,000—5,000 $2,000— 3,000 WE 203
4800 Four Phase+AM, Remote Batch stations, $3,000—8,000 $2,500— 6,000 WE 203
Vestigial sideband etc. point-to-point and
AM high speed polling
7200 Multi-Level, Point-to-Point " $6,000—9,000 $6,500— 8,000 WE 203
Three-Level AM Multiplexers, etc.
29600 Phase and Point-to-Point com- $8,000—12,000 38,000—10,000 WE 203
AM combined puters and High Speed
Terminals
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M MBS AT 19, 200bpsel 4] 1, 000, 000
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Y 92k 2o, oldAE dUAE
oAlAl #FEEIe 2 &l 300bps, == 2 BT
ol 4 4] 9,600bpse]l o] 2, EEEA EAEMRE
o] -£-8F voice-band modemeo)| wHs] A= slax}
e,

(1) %38 AR h#&

A% B R U0 FEE 4 A 9
22 dr4E a0 T A BEE =

Folalx @, ik A7 REEE 2 Ee
ME H#sks 2 g
A=z o E 8 HRE FlAslE modemd

MRS Higete e 7 AR REZF o o
Ve —&dt error rate LIFE #EFshy] 413
Nyquist #pye] F¥ SNRUEHE ¥ #5F )
ol=, & dhii o] WA #holF W R
&[T (bits per second per Hertz)o]t} 1 =

2= B BEHEI] HIR= v Afd A
FERHARCE & + dv mk HE EHES

vebd ”lejeh, KPFHRE
#3F SNRo|a, EHEHIS AR
Rl ok # ke %2}& 4 signaling int-
erval Wit} 7H58k (E9RY REEH 5 level HE
level #E 445 HR &
EE =4 5 & dkd, 2 error rate®

ToRA e

error rate 107*&

Wl E

23]

band, suppressed carrier) ¢} QAM (qudarature
amplitude modulation, suppressed carrier)o|

7vA ALl el =, 53 mEEdAA

T

THANSMISSION SPEED BITS/SEC PER CYCLE OF BANDOWIDTH

L 1 >
s w 13 20 25 30
AVERAGE SIGNAL-TO-NOISE RATIO FOR 10°® €8ROR RATE, cB

38 2. smEsRY R4

) B} Y535 943le), Shannond] [BF iy
Bt 2L 71E71E Zerh o)¥Al Folal #¥
A BEMHeE HRT 5 Jduis Ao
#REUEESE (linear modulation)$] EEhe] R =k, o]
RES &RAE 4] el VSB, QAMY A
o} 2ol MMIER Jjike Hoksle olege) gl
ot 22 WESGR SR ) vk AMSC (amplitu-
de modulation, suppressed carrier) =& Ful
carrier AM #5ilg AH8-8] Kol A =)
gt Aol F4E Fast vk

FME o] =) gk ool El EAlolA] B e5HA] &
2 ek 2 o2 FEEM EEA e
shebe A5k @3 1A o] Wad Zushrhe A
& & 4 Ao Zeid FME ddE 4wl
A 2w oS NEgHe oA 4 dlolel B4
R R T EE D IEE I R

A v, %8 2RT A e S
_]

2| 7] wFel] o] wyoe] HFs}eL,
PM-& multi-level 8y #F 2o} o &
power® 7}53he, FMacl ojdS o =3k
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i A o] lvh, PMe] =g AM=l |Usk
i, ER - FMst s3teh, #eh4] PM2
medium-speed modemel] A wro] xo]=, 53]
DPSK whyl-& o7l FEfll WIIHyoZ At
=z ek 29 2F Ed wE SEdA
PSK: VSBY QAMz} g fEL 7Fxu,
level 85 Y45 Xolrt Axgt Ao] -rol
=olr}, 2-level VSB, 2-level QAM, 4-phase
PSK7} 2+
3ot

Aol 2 g AL AT =

(2) WH/AR EE

2,400 bps 7FRl & 3tA L AR s Pt
th. 1 300bpse] ske] el Fubg £F A28
(sub-voice grade line)d] 41} 1, 200~1, 800bps
FSK
7F £< whyoe] i, 2,400bpsd] 4= 4-phase D-
PSK7F 713 fefEfgel gl olck, 4, 800~9, 600
bpsel] AL AEEAd] e} o2 7R Al
o] A5al, ol AL EEKS F4ol Aut

Al
a7 BE 4 9w, ae] dnE dedel o

o] o]2X full voice band <] 2o A=

27] wW]&olc}l. ) signaling rate= A of
o o] AFHL w3, A A 0|39 error rate

AT = g+ TEdY ilvﬂ symbol state

modem$& AHRY F+ A&
RAolch ¥ nEe) F3HA

400~3,000Hz ¥-¢] QL dlojel A5
A o8 Agslr)d] FESFs, wehA 2,400
Hze| o] B ag A% 8% roll-off (29
(4-2)Fz2) ] it §irh Z2 roll-offel A
& g oA FHEs 2
A7) Ao, 7HE g9 o=
Az A0 2 2,000Hz o]

A5 modemE 4

AL Ag

3 e Aol Frh.

31 g Fe ApEake] 25%9) roll-off Af%&
FL o] Aotk v o, 9L HS
L sdo] w4l symbol state & Fol& AME
o8 ofg] 7R gald wigr mlopxle] £4lo]
Homz, HEE WL ddg AHEdHe AF
o] 9lrt

T 3. Types of Modulation and Bandwidth Requirements for 4,800, 7,200, and 9, 600 bits/s

Type of Modulation Bits/ Cycle

Basic Nyquist Band Required for
4,800bits /s 7,200bits / s 9, 600bits / s

2-level VSB or QAM
4¢ PSK

3-level VSB or QAM
46 +2AM levels

8¢ PSK

4-level VSB or QAM
8¢+2 AM levels
6-level VSB or QAM
8-level VSB or QAM

51 da oA W W W NN

[=>])

2,400
2,400
1, 600 2, 400
1, 600 2,400
1, 600 2,400
1,800 2,400
1,800 2,400
1,920
1,600
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S & AL A% doluh. AMojv: PSKY A
]% symbol ratedl] ]l @slE AM A Fo] AF
Fo] glome o)A o] &A
Bk =29 = A%

= T
o},

Fs42

E71A71 7=

# o 40

2% WA

)

&) Coherent Carrier

R #5A
(coherent demodulation) M4 AF&-3kcl, o]
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scrambling%]—

=2 bit rate4] modemL EF
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£ iz Ad delelE

QEF BT, o Aeld
okslAl Btk VSBY 7Afdl= 454
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@) Equalization

2E AT AFs 4 KA
ah=dl,
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delay distortion)-& ==u}

e EA 24,

(envelope,
AL AE3tE s
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WAL #ok gt

X% 1,200 bps7} do™ equalizers} g3}
Al S, 2,400bps o] dAA L oAbsl= HF
MERIFEA A AAlR BER equalizerd &
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&) Error Control

Error detection, correction, 3}
o] WA gl&dlE BTtz 44 modems
A 2= L obF ZRE Rl Eatalo).
A3 vlolel E5rtutel €0 parity bits
A9}, FAZ AL g Qo]
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dgement) S Hije} ollzist i} wloje} 2Eo
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= error correction bitE AF¢l¥l= Forward

Error Control ®+4]-8 £rc},

(4) modeme] #ih
SSI, MSIS& 7b5a T o) ]
At Agel Ak oA
3 e, 53] 548 =24, automatic equali.
zert HAE 745 o] &5 Ao oz

A fEjsir). bl Al&" clock =gl A2E

w2 7] & o] &3}, active filtering 5 ofd 2
23129 7 HEd op. amprt @o] olm g

.

do 2= MOSUILE o] &
dem LSI7} &33F A
essorg o] &3 v % okt Aujs FE & 7

Aol 7l

3t one chip mo-

Al o] &A= v, microproc-

FA 2

&I

o
I

1. RM. Fano, “On the social role of computer
communications,” Proc. of IEEE, vol. 60,
no. 11, pp. 1249-1253, Nov. 1972
2. P. E. Green, Jr. and R.W. Lucky, edit.,, Com-
puter Communications, IEEE Press 1975
3. R.W. Hough,“Future data traffic volume,” Co_
mputer, pp.6-12 Sept/Oct. 1970
4. S. L. Mathison and P.M. Walker, “Regulatory
and Economic Issues in Computer Comm-
unications,” Proc. of IEEE, vol. 60, no.
11, pp. 1254-1272, Nov. 1972
5. wlojzksal / A FEkEA 79 E, T AT,
19764 74
6. “Programable Terminals,” Data Processing
Magazine, pp.27-39. Feb. 1971
7. L.C. Hobbs, “Terminals,” Proc. of IEEE, vol.




10.

11.

. “An Introduction to the Intelligent Terminal,

19765 100 HTFLBeE 53% 225

60. no. 11 pp.1273-1284, Nov. 1972

. “Trends iz Remote-Batch Terminals,” Datam-

ation, pp.20-26 Sep. 1971

Computer Decisions, pp.32-34, Jan. 1974

R.C. Stender, “The Future Role of Keytoards
in Data Entry” pp. 60-72,
1970

W.R. Benett and J.R. Davey, Data Transmis-
sion, LicGraw-Hill, 1965

Detamation, June

— 66—

12.

13.

14.

15.

R.W. Lucky, et al., Principless of Data Com-
munication, McGraw-Hill, 1968

T. R. Davey, “Modems,” proc. of IEEE, vol,
60, no. 4, pp.1284-1292, Nov. 1972

AAE, “Ax e deleld] A% =lgs Wz -

4,7 g AAF T akA], Al 2% A 3E, pp-

5-9, 19751 124

V.V. Villips, Data Modem-Selection and Eval-

uation Guide, Artech House Inc., Mass., 1972



