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FOREWORD 

. This report contains a compilation of the major civilian communica­

tions networks operated by the Islamic Republic of. Pakistan. Un.classified 

information ·on Pakistan's milttary communications networks is not available 

for this report. The report covers both the current time period and 

projections for the 1986-1990 time-frame. This data is intended to enhance 

the US 90vernmentl~ readine5s for quick response to a request by Pakistan 

tor communications-electronic (C-E) support in the event of national 

disasters and/or civilian requests for assistance. An overall assessr,ient 

of the. ;nteroperability,of Pakistanis communications networks with those of 

the United States ATACS,. DCS and TRI-TAC systems is presented. Recommenda­

tions are given for overcoming identified technical defici,encies. 
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CHAPTER I 
NARRATIVE ASSESSMENT 

----.} This report contains a compilation of the major indigenous civi~_ia.n 

communications networks operating in the Islamic Republic of Pakistan and 

assesses the interoperali:lil ity of these networks with those of the United 

States ATACS, DCS, and TRI-TAC systems. The data reported in this volume 

were acquired from a number of US Government Agencies, CONUS technical 

1 ibraries, the Library of Congress, and equipment manufacturers. Sixty 

percent of the reference document:;: cited were published during 1980-1982 

and the remaining forty percent. during 1975-1979. No documents were used­

that were published prior to 1975. 
One of the original goals of this effort was to assess the 

intero~erability of the Pakistan military ccmmuoications networks with the 

three US military systems under consideration. However, no data on 

Pakistan's military communications system I'#ere available for this report. 

This lack of data from both classified and unclassified sources prohibits 

any realistic interoperability assessment relating to Pakistan's military 

communications systems. t-- .. 
There are two major civilian communications networks in P1kistan which 

are applicable to this study -- the publk communications network operated 

by the Telegraph and Telephone (T&T) Department, and the specialized 

network operated by the Pak-Arab Refinery (PARC/). The T&T network has 

wide coverage throughout Pakistan, while the PARCO network has limited 

coverage along a pipeline in the southern portion of the country. Both 

networks are primarily analog (fOM/FM), though T&T has implemented a smail 

number of digital trunk facilities, and rely heavily on microwave radio as 

a transmission media. UT aJso operates an extensive coaxial cable 

network. 

In the current, time frame (1982-1985), the analog long-haul and short­

haul trunks of both the T&T and PARCO networks are interoperable with the 
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analog portions of the DCS. However, PARCO does not have direct access to 
an international gateway exr.hange except through the T&T neblOrk.. I'leither 

T&T nor PARCO are interoperable with ATACS. Since it is projected that 

.'/ 

during the 1986-1990. time' frama, both networks will remain primarily analog 
and retain most of their curr~nt technical attr1butes~the1r. analog 10ng­

haul anc.ishort-haul ttunks will be interoperable with the analo9portions 
of the DCS, though the DeS \--i11 become predominantly digital by 1990. TRI­

. TAC will not be directly interoperable with either the 1&T network or the 

PARCO system. 

B. CURRENT ASSESSMENT 

1. Introduction 
The Te1egraph and Telephone (1&T) Department. under tn", Ministry 

of Communications. is responsible for. tre operation of virtually all 
civilian domestic and international telecommunications in Pakistan. While 
the T&T network satisfies most of the requirements for COlrJnerc;al needs, 

there are a number of organizations which operata their own networks to 
meet specialized needs. The one applicable to this study is that operated 
by the Pak-Arab Refinery along a pipel ine in the southern portion of 

Pakistln. Other private networks include those operated by the Sui Gas 
Transmission Company (SGTC), the Water and Power Development Authority 
(WAPDA). the Oil and Gas Developmer,t Corporation, and Pakistan Railways. 
Brief descr~pt;onsof each of these appear in.Chapter III. They will not 
be included in the interoperability' assessment because of the lack of 

detailed data concerning their attributes. The two major indigenous 
networks applicable to this study will be discussed further be1cw. 

a. Telegraph and Telephone Department (T&T) 
The T&T Department, under Pakistan's Ministry of 

Communications, is responsible for the operation of all local, 'long 

distance, and international public telecommunications services in Pakistan. 
1&T maintains two factories which produce telecommunications equipment-­
Telephone Industries of Pakistan (TIP) and Carrier Te1er-hone Industries 

1-2 
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(eTl). Both of these are commercial organizations ;n which the government 
is a majority shareholder. 

lhe present T&T network has approximately 91 percent of its 

~elephont'\ lines operating on automatic exchanges. with the remainder on 
manual exchanges. Thare are eleven telex exchanges in the major cities of 
Pakistan. having a total capadtyofabout 3,500 lines •. The telex network 
operates at the standard rate of 50 baud and uses the reITT Alphabet No.2. 
Telex subscribers have access to the internatiolnl network through the 
gateway in Karachi. 

long-haul transmission in Pakistan is accomplished primarily 
through a microwave and cable network. most of which is a standard analog 
FOM/FM carrier system. The T&T fl1~Cr"'ffave :::;stem consists of t:tbout 4,000 
kilometers of iinks within both the domestic network and the regional Asian 
Telecommunications Network (~JN). A 960-channel coaxial cable network also 
interconnects Pakistan's major cities and has a number of nodes coincident 
with the microwave network. In rural areas and smaller towns, the primary 
transmission media are aerial cable and ope~-wire lines. 

Internationa 1 satellite communications ar"e provided through 
an earth station at Deh Mandro (20 mi las outside of Karachi). The earth 
sta,ion operates into the INTElSAT network and has a capacity of 252 
satellite circuits. 

b.' Pak-Arab Refinery, Ltd. (PARCO) 
The present specialized telecommunications network of PARCO 

was engineered by Federal Electric International. a world-wide subsidiary 
of'ITT. The backbone ;s a 1.5 GHz analog microwave radio system which 
parallels the pipeline and incorporates 17 tandem line-Clf-sight 
communications hops. The system has a 24-channel capacity, with drop and 
insert capabil ity at each site. Among the services offered are provision 
of telephone circuits throughout the pipeline complex. teletype circuits 
for pipeline ~erminal and pumping stations, and data transmission circuits 
for pipeline control and supervision. 
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2. l!Lteroperability Assessment 

Table 1-1 surrmarizes the predominant communications systems 

attributes required to assess both the current and futJre interoperability 
• between Pakistan's UTand PARCO r,etworks and ~he US ATACS, DeS, and TRI­

TAC systems. A bullef (0) in the table indicates the existence of a 

partJcular attribute, a number sigll (ft) indicates that the existence of the 

.attribute is currently unknown, and a b1ank (no entry) indicates non­

existence of the attribute. These attributes for the above communications 

systems are compared and analyzed on a one-to-one basis, with the resulting 

interoperability assessment shown in Table 1-2 •. This table uses numerical 

indicators (0-4) to illustrate the degree to which Pakistan's 

communications systems are interoperable with the three US military 

cO!l'l'ilunications systems. The number 4 means there are no or negligible. 

technical constraints involved in the interoperability of the two systems, 

while an indicator of 0 means that there is not enough datI available to 

make a valid assessment. The numbers 1, 2, and 3 respect"'ely indicate 
there are major technical constraints. potentially serio~s constraints, and 
minor technic&l constraints involved in the interoperability of two 

systems. 

a. The Telegraph and Telephone Department (1&T) 

1) Telephone/Microwave Network 

Table 1-1 shows the key technical paral'leters required 

to assess the interoperab11 ity between the current T&T network and the 

current US DCS and ATACS systems. USing this table, several observations 

can be made about the current T&T network. First, the Ilajority of its 

short-haul trunks and all of the long-haul trunks are analog FOM/FM. The 

1&T currently does not have any sizeable digital capability. Second, all 

of 1&T's switches are either manual or electr,omechanfcal, using rotary 

pulse subscriber dialing. Third, and finally, T&T has limited data 

communications capability. 

Based on the~e overall observations and available_ 

background data. the following conclusions can be drawn: 

(1) The T&T short-haul and long-haul analog trunks <,'e inte:'operable 

with the analog pOttions of the DeS, given that the in-bane. 

1-4 

\ 



.... ~-, 

'''." 

'. ,~ 

"-", 

,/ 

,/ 

\ '" 
1 ", ~ • ... 

" 
----<"--'¥-,-

..... -. .:-" ..... 

" ''', .. 

• .... I~ • 1& 
U"I ~ 

i 

COMMUH1CIITIOHS 
SYSTEMS 

IIlAt • 

,.,-_ 
.... 

1 flU",""", t 1€La-:0 ~ICAT"'" IUTI 

i .. '''''-lIMe 11£,.",,", ',.MCQ) 

Ma7Va Nt 121 

'~ 

TABLE 1-1. COtl1UNICATIOtIS SYSTEr1S ATTRIBUTES, PI\KISTAN 

, II I) .. it C). 4'j @l@llfjro --I-~~ ~lG'ii'-'!Q1-'ti"'4i-i}1~To~~r- r--~!i' .jl!l.!~1 !~ 
C II.~.~$ .~a. Q ~.O e~.9 e •••• oe a ~e~~ 

' -~-
r It Cl • $ ~ G eifIJ tI .. fil <B • @ ~ (f) ~ " GI G @ ~ • (0 If, ~ " ~ " ~ 0'0 
c c e 0 • • e e ., t>l~ 0 C~' • • e ~ ~ 3 

C • • • • • • .. S 41» e (;y 'It'e 8 ~ & • • • • 0 • , • 
C C • e • • • @ • • eiii 1.'Is e G • e (:l)f., F C • • • .. & • ~ • .. .. .. • (It • • 

LEGEND: #::: UNKNmm 

-t 
:x: 
m 
OJ 
o 
~ 
(') 

o 
::0 
-0 
o 
::0 

~ 
o 
z 



• .. 

/ 

.. .. 
.' 

\ 
\ 

THE BOM CORPORATION 

signalling methods used by each are compatible, in addition to 
modulatioh. ~ynchronizaticn and en~oding. 

(2) The T&T network. is oot directly interoperable with ATACS. ATAC$ 

." '. u~e$ a 6-bit pulsfscode modulation (PCM) technique with time­
division multiplexing (TOM), while Pakistan's nablor«..being 

primarily analog.' relies on' standiu-d fDM/FM techniques.' 
Extensive conversion equipment would be needed in order to 
inte1"'face the different modulation, signalling, . and 

synchronization schemes utilized by the two systems. 

The overall numerical interoperability assessment between the current 1&T 
system and the current US DCS and ATACS systems is summarized in Tabl~ 1-2. 

2) T61ex and Data Comm~nicat;ons 

By internationai convention. the transmission of telex 

(teleprinter) data ;s standardized and is therefore compatible with US 

equ'pment. Through the T&T network. Pakistan has both domestic and 
intarr,at iO:'la 1 telex capabil ity. (. ~ lowing its network to be easily accessed 
by outside nations. In the area of data communications outside of low­

speed telex services. Pakistan's capabilities are limite,j to trans"':ssion 

over voice grade channels with maximum speeds up to 2400 bps. and. in some 
cases. 4800 bps. This situation lends itself to fast access by a 'Iariety 
of users and poses no intef'operability problen:s of consequence. 

3) International Gateways (Satel1itel 

The earth station which T&T operates into the INTELSAT 
. network is. by design, interoperable with the US commercial network. Since 

the DCS is compatible with the US commercial communications network, it 

follows that the DCS can gain access to the T&T network through Pakistan's 
gateway exchange. ATACS. however, ;s not compatible with T&T gateways. 

b. Pak-Arab Refinery (PARCQl 

Table 1-' shows the key technical parameters required to 
asseS's the interoperability between the current PARCO network and the US 
DCS and ATACS systems. Based on this table and available background data. 
PARCO's analog FDM/FM short-haul and long-haul trunks are interoperabie 

with the analog portions of the DeS (given that signalling. synchronization 
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and modulation are compatible) but are not interoperable with ATACS. for 

the same reasons as described earlier for T&T. Because of its specialized 

nature and limited access ibn ity. however, there may be potent 1a lly serious 

constraints in tf,e OCSinterfilcing to the PARCO netwo.rLBecause PARCO has 
no1nternational' cOIllmUllfClIti&ns capabfl ities. the Oe5 could only gain 

access to Pakistan's international gateways through the T&T network by way 

of the main PARCO exchange. This involves one more interface than would be 

necessary if the DeS interfaced directly to the T&T network. 
Table 1·2 summarizes the overall interoperarqity assessment 

for the current PARCO network. 

C. FUTURE ASSESSMENT 

1. Introduction 
The following subsections highlight planned communications 

upgrades in Pakistan which will have an impact upon US 1nteroperability 1n 

the 1986-1990 time frame. 
a. The TeleQraph and Telephone Department (T&T) 

During the 1986-1990 time frame, T&T pians to upgrade anG 

expand the domestic iong distance routes to cope with the predicted annual 
growth 1n traffic. Expansion of the network will involve connecting 

locations in the Northwest Frontier and the Baluchistan through additional 

microwave links. Telex facilities will also be expanded for some 3.200 
additional subscribers. Impro~ements in the network will include the 
replacement of 9,000 telephone 1 ines and the installation of another 300 

exchanges 1n rural and urban areas. The predominant short-haul and long­
haul media will remain analog (FDM/FM). A small number of digital short­

haul trunks have been introduced into the T&T system; no significant change 

in the area of digital technology is expected in the future. 
In the area of international and satel1 ite communications. 

T&T has plans to upgrade :;,' implement microwave or cable 1 inl(s to the 

neighboring countries of Iran, India. and Afghanistan. The existing earth 
station at Deh Mandr'CI will be upgraded from 252 channels to 384 channels. 
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Increased capacity for the international gateway exchange in Karachi has 

also been planned. In additicn. Ii second satall il.:~ earth station and 

····gateway exchang8will be installed i~ .Is 1 amablld to handle the projected 

growth in overseas traffic during the 1986-1990 time period. Furtnermora. 

..Paltistanhas taken the first steps toward the launching 'l;t. Ii domestic 

telecommunications satellite whiCh would provide telephone and television 

services. This satellite has been tentatively scheduled for launch in 1986 

or 1987 with the. cooperation of either the US National. Aeronautics and 
Space Administration (NASA) or the European Space Agency {ESA}. 

b. Pak-Arab Refinery (PARCOl 

to its 

is not 

technical 

PARCO is expected to add some add it i ona 1 ci rcuits 

telecommunications network along the pipeline; however. t~is 

expected to affect or significantly chan9~ ih overall 

characteristics. The network will remain completely analog (FOM/r~). 

Modernization of the 1&T network will, in the long run, provide better 

qua 1i tyleased c ; rcu; ts to thi s and other speci ali zed networks. 

2. Interoperability Assessment 

Referring back to Tables 1-1 and 1-2 presented in section B, it 

is apparent that the technical character; sties of both the T& T and PARCO 

networks will remain largely unchanged in the 1985-1990 time frame. Both 

systems will remain~lmost completely anal09. with only a sm.:&l1 percentage· 

of digital trunks implemented in the T&T network. Because both systems 

will remain analog while DeS becomes predominantly digital. additional 

problems may be encountered in their intero~erability than presently exist. 

The analog long-haul and short-haul trunks of both T&T and PARCO will 

remain interoperable with the analog portion.; of the DCS, subject to the 

same constraints mentioned previously However. there wi 11 be the added 

constraint that a much sma 11e: !,".:.port1on of t:i~ DCS fac; lities will be 

analog. Additionally. neither the T&T network nor the PARCO network will 

be directly interoperable with TRI-TAC. Major technical constraints will 

be encountered in· the conversion of single-bit delta modulated TRI-TAC 

signals to analog channels or groups • 
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International gateways will continue to ~e interoperable with the 

DeS, t.hough oot with TRJ~TAC. In the area of telex and data 

··.·.communications, .the current fnteroperabll tty situation is.1 Hely to remain. 

unchanged in the 19a6~1990 time frame. 

D. C0J-elUSIONS AND RECOMMENDATIONS 

The following tentative conclusions can be stated from the analysis of 

Pakistan's cOmlllunicatiJns networks regarding inter-operability with the 'US 

military communications systems: 

(1) The present DCS and T&T networks are interoperable at the gateway 

exchange in Karachi; the DeS, however, is not directly 

interoperable witn the PARCO network at this ex( iange, 

(2) ATACS is currently .not interoperable with the ,t;s, 1&T. or PARCO 

networks, 
(3) ~~e analog short-haul and long-haul trunks of both T&T and PARCO 

r:~ currently interoperable with the analog portions of the DeS. 
l!'!J will continue to be so in the future provided t~at Signalling 

methods are compatible, and 
(4) ·TRI-TAC will not be directly interoperable with either the T&T or 

PARCO n~tworks, 
It 'is recomnended that the US Army.cont1nue its development of 

elec.tronic interfaces that will allow TRI-TAC equipmfnt to int~-face to 
ex;stii".; DeS facilities. This. in turn, may allow Pakistan's networks to 

become interoperable with TRI-TAC {at least through analog Des facilities}. 

As recommended in the January 1980 USACe White Paper' on "Communications 

Interoperabfl fty and Network Eval uation," the proposed TR1-TAC interface 

should: 
(1) interface DCS and TRi-TAC at the digital chan'lel and group rates • 

(2) interface DCS (and TRI-TAC) to both North I.nerican and European 

PCM • 
(3) convert <'RI-TAe framing and signa11 ing from its overhead channei 

techniques to the DeS 1n-band technique. and 
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(4) convert the TRI-TAC delta modulation format to 8-bit PCM. 

Standard interface equipment is available for the transmission of 

digitalPCM signals over cable ilS a transmission medium. However, in order 
for thedfgitial portions of the DeS tainter-operate with the analog T&T, 

FOM/FM microwave radio network, it is. reconmended.that the US Army consider 

the use of commercially available electronic equipment (e.g., GTE Lenkurt) 

for transmission of PCM signals over microwave radio. This type of equip­

ment is capable. of t\-ansmitting 96 PCM channels (unlike the conventional 

960 or more analog channels) over most frequency modulated (fM) microwave 

radios, and ·could provide the interoperabilty required by the DeS, at least 

on a short term basis. 

As both TRI-TAC and DCS become more technologically advanced through 

eventual implementation of al1-digital networks, their systems will become 

more al'ld more dissimilar to Pakistan's predominantly analog systems. This· 

will affect all aspects of· interoperabi lity from the subscriber-switch 

interface to the switch-switch interface. The limited accessibil ity and 

specialized. nature of a network such as that operated by·PARCO will need to 

be. examined ",.ore closely in order to determine whether interoperability is 

not only technically feasible, but beneficial as well • 
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CHAPTER II 
COMMUNICATIONS MANAGE!4ENT STRUCTURE 

1. Overview 
The telecommunications services in Pakistan are administered 

through the Ministry of Communications and its Telegraph and Te"lephone 
Department (1&T). which is responsible for the operation of all local, 
long distance. and international public telec~nunication services. 
Industrial and commercial establishments in the private sector. in 
general. utilize the communication facilities of the Telegraph and 
Telephone Department (1& T) and do not rna i nta 1 n the i r own te 1 ecommun i -
cation facilities. However. some public sector corporations and a few 
private sector companies and corporations are now beginning to install 
their own telecommunication systems. 

2. Domestic Telec~mmunications 
The T&T Depi\rtment provides for the following domestic 

services: 
{l} telephone services; 

(2) telex services; 
(3) . leased circuits; 
(4) sale or rental of modems, terminals, or equipment. 

Figure II-l depicts the organization of the Ministry of Com-
munications. The T&T Department contains the Director General and is 
organizationally under the Ministry of Communications. 

T&T has authorized some railway and private agency offices to 
handle public telegrams in places where there are no T&T offices. 

3. International Telecommunications 
Through the Ministry of COrmlunications and its Telegraph and 

Telephone Department (T&T). the. following international services are 
provided: 

(1) telephone services, 
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telax services, and 
leased circuits • 
Pakistan is "a merrber of the INTElSAT organization, signing the 

. main agreement in 1975. the UR.and the ITU. 

B. MILITARY COMMUNICATIONS MANAGEMENT 

Both unclassified and classified information on military communi­

cations management in Pak.istan are not available for this report • 
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1. Back~round Oata 

CHAPTER III 

CURRENT CAPABILITY 

A£jriculture is the mainstay of the Pakistan economy, employing 

more than half the labor force. Wheat, rice, sugar cane, and cotton are 

the main crops. Pakistan is a large population state with a low income, as 

shown in Tab1e III-l. The GNf ;,:"owth fluctuated during the 1970s and, at 

-the time of the military coup 1n 1977. it was at a standstill. Industry. a 

decl1ni'ng force during the 1970s, has recently experienced an upturn. 

Mining is a negligible part of the GNP, but priority ;s bEing given to the 

exploration and development of oil reserves. 

2. Geography and Peoole 

Pakistan extends from the Arabian Sea, 1,600 kilometers (1,000 

miles) northward across the Thar Desert and eastern plains to the Hindu 

Kush and the foothills of the Himalayan mountains. It is bounded by Iran, 

Afghanistan, the disputed state of Jammu and Kashmir, and India. Pakistan 

is drained by the Indus River and its tributaries, which form the fertile 

and intensely cultivated Indus Valley. Generally. Pakistan's climate is 

,', dry and hot near, the coast, but cool in the northeastern uplands.' Annual 

rainfall averages less than 25.5 'centimeters (10 inches) and temperatures 

range from below freezing to 49 degrees centigrade (120 degrees 

Fahrenheit). Pakistan has four pi"ovinces: Punjab. Sind, Northwest 

-Frontier. and Baluchistan, plus several centrally-administered tribal areas 

located in the Northwest Frontier Province. The majority of people live in 

Karachi, in the Indus Valley, and along an 'arc formed by Lahore, 

Rawalpindi, and Peshawar. Punjabis make up the majority. with minorities 

of other Indo-Aryan peoples. The official language is Urdu. spoken as a 

first language by only 9 percent of Pakistanis. English is an associate 

language and is widely spoken • 
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;ABLE 111-1. BACKGROUND DATA. PAKISTAN 

.. 
~ 

'AREA 'iN SQUARE KILOMETERS '803,000 

POPULATTON 87,720,000 ( 1981) 

POPULAT!ON, AVERAGE ANNUAL GROWTH RATE 2.8% (1981) 

GNP. IN MILLIONS $ 23 ,000 (1980) 

GNP, ANNUAL GROWTH RATE 6.4% (1978-1980) 

GNP PER CAPITA $282 (1979/1980) 

GNP PER CAPITA GROWTH RATE 4.0% 

MILITARY DATA 

i~ DEFENSE EXPENDITURES, IN tAILLIONS S 1,420 (1980/1981 ) 
I 

TOTAL ARMED FORCES 430.000 

• ARMY 400,000 

• NAVY 13,000 
I AIR FORCE 17 ,000 
! • 
/ 

TOTAL RESERVES 500,000 

I , "TELECOMMUNICATIONS DATA 

TOTAL TELEPHONE LINES 281,900 (1981 ) 
-., 

TELEPHONE EXCHANGES 784 ( 1981) 

SATELLITE EARTH STATIONS 1 (1982) 

TELEX EXCHANGES 11 ( 1981) 

TELEX EXCHANGE LINES 3,530 ( 1981) ,. 

• 
• 
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3. Politics and Government 

The Pakistanis' constitution, which entered into force on 

August 14, 1973. provides a framework for civilian government. The 
ceremonial Chief of State (the President), . elected by the Senate and 

National Assembly •. and Head of Government (the Prime Minister), elected by 

the Assembly. form the major offices of the government. 

The. National Assembly (200 members elected by universal adult 

suffrage. plus 10 seats reserved for women) has a 5-year term, subject to 
dissolution. The Senate consists of 63 members indirectly elected for 4 

years by the Provincial Assemblies and tribal councils with half the 

members up for reelection every 2 years. The Senate is not subject to 

dissolution. 
In 1977, General Mohammed Zia~ul Haq suspended the constitution 

when he ousted Bhutto and established·a martial law regime. The retention 
of the ban on political parties remains, as does the open-end postponement 

of a general election promised for 1979. Internal stability remains the 
major problem area. 

External relations are polarized around the Afghanistan problem 

and its refugees. PrOblems of longer standing have been those with Iran, 

tribal friction over boundary division in Baluchistan, the Northwest 
Frontier with Afghanistan, and with India over Kashimir. 

4. The Economy 

The Pakistan economy surged forward in PFY 1979-1980 as 

agricultural production and industry output grew in real terms by 
6 percent. Double-digit inflation marred this otherwise commendable 
performance; however, government measures to reduce re 11 ance upon defi cit 
spending and to control monetary expansion met with some success. 

Nationalization of major industries began in 1972, but the 
Martial Law Government reversed this policy. The banking industry. some 
insurance companies, shipping, and public ~tilities remain under state 
control. The government has introduced a number of measures to restore 

levels of private sector investment. 
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Growth in the GNP averaged 4.2 percent annually in 1970-1977. 
compared with an average annual growth r!te of e.2 percent in 1977-1978 and 
1978-1979. Export earnings, worker remi ttdnces, and imports rose 

substantially in PFY \979-1980. and a Sl billion current accountdeficH 

was coverad with a 'oanfrom the Internat;on~' Moneta1"Y Fund and assistance 
from Saudi Arabia. 

During 1979, movement towards an··Islamic economy" was announced, 
and plans have been drawn up for abolishing interest and introducing 
religious taxes. An Islamic economic order would also involve the 
abolition of limited liability and incorporation. 

5. Organization and Regulation of Telecommunication~ 
The Telegraph and Telephone (T&1) Department is a government 

department under the control of the Ministry of Communications. The 
Department is responsible for the operation of all '('cal, long distance. 
and international public telecommunication services' in Pakistan. T&T 
licenses commercial and amateur radio transmitters, cCI.~ro1s radio spectrum 
usage and operates a radio monitoring service. 

The T&T Department maintains two factories which produce 
telecommunication equipment in collaboration with manufacturers from 
abroad. The Telephone Indu~try of Pak.istan (TIP). the manufacturer of 
switching equipment, telephone instruments. and teleprinters, and Carrier 
Telephone'Industries (CTI). the manufacturer of muHip1ex equipment. ar'e 

. both commercial organizations with the government as a majority 
shareholder. The other major shareholder is Siemens AG of West Gern;any. 
Pakistan provides the main technical effort ard all financial and 
managerial direction. 

B. CIVILIAN NETWORKS 

1. Current Status of Telecommunications 
a. Overview 

As of June 1980, 'Pakistan has about J 365,000 exchange line 
capacity, of which 91 perl;ent is automatic elect! omechanical switching. 
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There are about 357,962 telephones for a population of about 84 mi 11 ion, 

which gives an average telephone density of .5 telephones per 100 
population. By world standards, this is very low and far too low to meet 

the information flow needs of Pakistun's economy. 

There is also a serious imbalance of telecormlunications 

'development between urban and rural areas.,," OUt of the 357,962 telepi,one 

subscribers. about 54 percent are concentrated in the major cit:es of 

Karachi. Lahore. Islamabad, and Rawalpindi. A further 24 percent ~f the 

telephones are located in the remaining larger towns, with only 22 percent 

of the telephones located in the thousands of ether small towns and 

vi 11 ages. 

Long distance circuits are being provided through high­

capacity coaxial cable and microwave links. The cable and ~icrowave links 

operate the length and breadth of the country. Telex service is available 

in 11 Cities. Pakistan maintains connections to other countries via an 

earth station located 20 miles northwest of Karachi (Oeh Mandro). The 

satellite. microwave. and cable networks have Karachi as an international 

and domestic gateway. 

b. Public Telephone System 

1) Switchin] 

The switching system in Pakistan is a combination of 

step-by-step and semiautomatic exchanges; however. new autom~tic exchanges 

are being installed and are increasing the telephone switching capability. 

LocCi1 and long distance telephone service in Pakistan is pl'"ovided to over 

300,000 subscribers through a network of 784 exchanges. as of June 1981-

Telephone service for main population centers is provided through automatic 

exchanges. Manual exchanges are installed in smaller towns and rural 

areas, and are being replaced by small automatic exchanges. The majority 

of the switching equipment is supplied by Siemens-TIP. 

S,witching procurement requirements from 1981-1985 are 

based around smaller switching systems. The estimated switching system 

requirements are 175 switching facilities with up to 500 lines. 191 

switching facilities with 1.000 to 3,000 lines. and 10 switching facilities 
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with 3,000 to lO,OOO lines. The location of the automatic telephone 

exchanges is shown in Figure 111-1. 
Overseas traffic is being controlled and operated 

thr9ugh the International G4teway Exchange at Karachi which began operation 

in July 1980. This exchange presently has the capacity to h~ndl~ 300 

'international telephone circuits and can be expanded up to 900 circuits. ' 
2) ~icrowave Transmission 

The Pakistan microwave network. consists of about 4,000 

kilometers of microwave line-of-sight link.s which are within the domestic 

and Asian Telephone Network (ATN). Pakistan is presently tied in with the 

Central Treaty Organization's (CENTO) microwaoJe system. The CENTO 

microwave route whi ell passes through Sal uchis tan to I ran and Turkey was 

installed during the early 19605. The system has bee~ upgraded to 

accommodate 960 voice channels and one TV channel. Other microwave systems 

are utilized in Pakistan. Figure 1II-2 shows the geographical network 

laycut for the T&T microwave system. 

3) Cable Tt'1\nsmission 

In Pakistan, a 960-channel coaxial cable links Karachi 

wi th maj or ci t ; es ; n the north. loca 11 y • underground cab 1 e ; s used in-

major cities with aerial cable and open-wire lines used in the smaller 

'towns and outlying rural areas. The coaxial cable system has It nubmer of 

nodes -coincident with the microwave network. Recently, an ul'lderground 

coaxial cable system was installed between Karachi and Peshawar by Siemens. 

The exis~ing coaxial cable network ;s shown in Figure 111-3. Future use of 

cable will be utilized to connect microwave systems to many outlying rural 

areas. 
c. Telegraph, Telex, and Data Communications 

The T&T Department in Pakistan operates more than 800 public 

telegraph offices, point-to-point. T&T has authorized railway and private 

agency offices to handle public telegraphs in places where there are no T&T 

offices. 

As of June 1981, th;.)re are 11 telex exchanges in the major 

cities of Pakistan having a total capacity of about 3,500 lines and 2.439 
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Figure lII-l. Automatic Telephone Exchang"s in Pakistan 
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operational subscribers. There is a pending demand of about 2.500 

connections. The telex demand has been growing at J rate of 36 percent per 

"annum over the past 5 years. 
d.', Satell ite Communications and International Gabway! 

Satellite couii1\l.mications in Pak,bbn prOV10Ji oversea$' 

telephone. telegraph. and telex services. An earth station at Deh Mandro 

and the international switching and gateway centers in Karachi provide 

international services. The earth station which operates with the INTELSAT 

communications satell ite in the Indian Ocean Region has at present the 

'capacity for 252 satellite circuits of which 244 are operational. Overseas 

TV programs can be received and transmitted through this earth station 

facility. Out of the 244 circuits, 17 circuits are dedicated for telegraph 

and telex working directly with 16 countries (more countries are available 

on transit). The remaining 227 circuits provide automatIC, semiautomatic, 

and manual telephone circuits directly to 24 counti! ~ .. s and over 156 

countries on a transit basis. 

As of December 1981. Pakistan has Q tctal of two routes from 

the United States. All of these routes are combined cable and satellite 

faCilities with a total of 16 eircuits from the US M4.inland as shown in 

. Figure III~4. Figure III~5 shows that all the circuits use Green Hill. 

Rhode Island. as a terminal po;~t in the, United States. These circuits are 

than transited to the Pleumeur Bodoll earth station in France and the Indian 

Ocean Region (I.O.R.) primary ~atelHte. The other three channels leave 

Green Hill, Rhode Island. on the TAT~5 cable into S.ln Fernando. Spain. 

These circuits are then transited to the Buitrado ear'th station in Spain 

and also use the Indian Ocean Region primary satellitl!t. The combined 16 

channels are directed by the Oeh Mandro earth stat \on to Karachi for 

network distribution. 

e. Specialized Neb~ 

Apart from the telecommunications netw"rk operated by the 

T&T to meet the requirements of commercial and other public needs, there 

are other organizations which have specialized fiNds and operate a 
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J. Figure III-4. United States - Pakistan Satellite Circuits 
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telecommunications network of their ,own. One of the most important of the 
n!tworksis that' operated by the Pak~ArabRefi nery 
" " -"~,'-,~' .\)'.>- ~ ", :.-. -> '.-,- ";., " -.'. ::,'-'-'." .',' 

1} Pak .. Ara~ Refinel"Ya ltd .. (PARC.9l 
',"-;' 

iln them1c-sevent i es, the Government of 

decided to undertake the design and installation of a pipeline capable of 

carrying sufficient products north to meet .current and future demands. 
Pak-Arab Refinery. Ltd. (PARCO) was gi\'en this challenge. 

The telecommunications- system engineered by -Federal 
Electric International, a world-wide service subsidiary of International 
Telephone and Telegraph, provides the pipeline with the following services: 

(1) Telephone circuits throughout the pipeline complex end-to-end, 

(2) Teletype circuits for the pipeline terminal an pumping stations, 

(3) VHF mobile radio coverage of the entire pipeline. 
(4) Data transmission circuits for pipeline supervtsory control, 
(5) Monitor and control system for the pipeline bloCk valves, 

(6) Voice paging system at all pipeline facilities, and 
(7) Alarm system. 

. The hub or" the pipeline operation and the terminus of 

-the -telecofllllunications system h the Master Control Center (Mee) located at 
. Korang1. From- this MCC, the telecommunications ba,!kbone parallels the 

pipeline .and provides transmission. for all communication and control 
services: 

The backbone is a 1.5 gigahertz (GHz) analog microwave 

radio network that incorporates 17 tandem line-of-sight communications hops 

utilizing 18 sites. The average hop length is 45 kilometers with the 

longest hop being 60 kilometers. The backbone system has a 24-voice 
channel capacity with drop and insert capabil ity at each site. 
Figure 111-6 shows the PARCO ~icrowave network • 

2) Other Specialized Networks 

Other services in Pakistan op·~ate either through 

leased circuits or their own specialized networks. 

specialized n~two~ks are discussed below. 
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The Water and Power Development Authori ty (WAPDA). a 

gover:.ment-owned corporation, maintains Hs own telecommunication 

directorate using the power carr'~r syste~ for its power distribution 

network .•. It uses HF, VHF, and .Qverhead carrier telecommunications systems • 

. For. HF and VHF, WAPDA's needs are relatively :01'>', but its demand for 
carrier power communications is relatively large. 

The Oil and Gas Development Corporation operates a 
comprehensive VHF multichannel telecommunications system for telephones, 

teleprinters. and operational telemetry, which follows closely the pipeline 

from the fields at Sui to Multan, via a monitoring station at faisalabad 

(Lyallpur) to Lahore and Rawalpindi. 

The Pakistan Railways has contracted Kentron 

International for a S50 mill ion microwave system. The 4,500-mi 1e system 

involving 325 communication sites will have duplex HF/VHF. block 

signalling, multiplex voice, and data transmission. The system is being 

iosta lled along the railroad tracks between Karachi and Peshawar. 

Sui Gas Transmission Company. Limited (SGTC). operates 

a 1.7 to 1.8 gigahertz (GHz) ultra-high frequency (UHF) backbone system 

along the right bank of the Indus River from Karachi to Oadu and Shikapur. 

The l1-station microwave system supplied by the Canadian Marconi Company 

stretches 480 kilometers. The digital microwave system uses pulse code 

modulation for voice and data multiplexing. 

2. Detailed Listings 

a. Remarks 

In this section, detailed listings are prOVided which 

describe the current civilian communications capabilities discussed in the 

preceding sections. The Glossary in Chapter V describes all abbreviations 

used. The numbered data SOlirces are listed in the Bibliography of 

Chapter V. 

b. Telephone Switches 

The telephone switches of Pakistan are mainly step-by-step 

electromechanical. The switching (~uipment is largely supplied by Siemens. 

Telephone switches ;n Pakistan are listed in Table 111-2. 
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c. Transmission Capability 
Long haul transmission is through a microwave and cable 

network. These networks are a part of the CENTO and domestic ATN. The 

transmission capability of Pakistan i$listed ,in Table IlI-3. 
d. Record/Data Equipment 

Some "of the major cities of Pakistan have telex service. 
The demand for telex service ;s growing. Record and data equipment in 

Pakistan are listed in Tablelli-4. 

e. International Gateways 
The international gateways of Pakistan ptovide telephone, 

telegraphy and telex services. The international . gateways of Pakistan are 

listed in Table 111-5. 
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THE BOM CORPORATION 

CHAPTER IV 
PLANNED IMPROVEMENTS 

The Five-Year Plan (1978-1983) lays emphasis upon greater pro­
duc.tion of basic food stuffs. Included 'in the plan are improvements;n the 
rural infrastructure, improved manpower to enable Pakistanis to work 
abroad, and a larger role in industry for the private sector. 

2. Telecommunications 
The T&T Department is faced with the challenges of rapidly 

growing demand. clec1ring of the backlog, and the rapid changes in tech­
nology development besides maintaining and operating the existing facili­
ties efficiently. The T&T Department has been aware of these factors and 
has been planning, both 1n the short- and long-terms. various schemes to 
improve the situation. 

Due to the limited availability of foreign exchange funds. finan­
cial constraints. and priorities imposed by the government, the T&T 
Department has curtailed the size of its development schemes. Planning for 
teleconmunications is contained within 'the national Five-Year' Plan (1978-
1983). The 'Five-Year Plan has allocated the majority of funds to local 
telephones and the long-distl."Ice networks. 

B. CIVILIAN NETWORKS 

1. Telecommunications Development Plans 
a. Public Telephone System 

The estimated growth rate in demand of telephone service 
will average about 8 percent for the 1986-1990 time period. 1&T plans to 
augment the long distance and subsidiary trunk routes capacity to cope with 
a 14 percent annual growth in traffic and to connect new places and remote 
areas in the Northwest Frontier and the Baluchistan. including the Mekran 
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Coast. through new microwave links. The planned microwave links are shown 

in Figure IV-l. This would increase the existing long distan-:e channel 

capacity from 7,000 to over 12,000 channels. T&T will replace 9.000 
,tel£jjhone lines of old F-l exchanges.' TheT&Thas. .. alsoexpressedfnterest 

1n,sett1ng upa 'third telecolMlunications equipmentmanufaetudng plant. 

Switching procurement requirements from 1986;.1990 will be 

based around smaller switching systems. It is estimated that 180 switching 

facilities with up to 500 lines, 254 switching facilities with 1,000 to 

3.000 lines, and 15 switching facilities with 3.000 to 10,000 lines will be 

needed. 

By FY 1983. T&T envisages increasing the telephone con­

nections up to 492.000. For this purpose, it would extend its exchange 

network and install another 300 exchanges making a total of 1,050 exchanges 

in the rural and urban areas. Moreover. 1&T plans to ex. and its Nation­

Wide Dialing (NWD) system from its present coverage of 50 cities to 61 

cities by FY 1983. The trunk traffic would, therefo,"e. grow and is 

expected to be nearly 145 million calls in FY 1983. Extrapolations of 

statistical information indicate a douJling of the telephone density 
,leading to 1 million telephones in use by 1990. 

b. Telegraph, Telex. and Data Communications 

Telex, at an early stage of development, shares the Gentex 

~utomatic exchanges together with a number of manual eXChanges. T&T plans 

expansion of the telex fae; lities for some 3,200 additional subscribers and 

extension of telex and telegraph nebiorks accordir.':J1y. 

c. Satellite Communications a~d International_Gatewals 

During thl! remaining period of the Fifth Plan (termed the 

midterm plan. 1981-1983), T&T is envisaging an increast~ in overseas com­

munications through expansion of the existing satellite earth station (at 

Dell Mandro) channel capacity from 252 Channels to 3,i34 channels. The 

expansion of the international gateway exchange capacif y is also pla!,ned 

accordingly. A second satellite earth station and a i,~ateway exchange at 
Islamabad are planned to cater to future overseas traffic. 
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. THE 80M CORPORATION 

Programs for telecommunications with nearby countries is 

forecasted. Pakistan will upgrade the microwave link between Pakistan and 

tran •. Another program is the trans border linkage on coaxial cable between 
Lahore and

i 

Amritsar for India-Pakistan telecommunications traff.ic as a part 

of ,the Asian Teleconmunication Network.. Fi.gure IV-2 shows .these future 

gateways • 

Pakistan has taken the first steps towards eventual 

launc.hing of a telecommunications satell ite. The Pakistan Space and Upper 

Atmosphere Research Commission proposes the launching of a multipurpose 

national satellite at an altitude of 35,800 kilometers above the equator. 

According to the tentative schedule, the telecommunications sateliite is to 

be launched in about 5 or 6 years, with the cooperation of either the US 

National Aeronautics and Space Administration (NASA) or the European Space 

Agency (ESA). 

2. Datailed listings 

a. Remarks 

In this section. detailed listings are provided which 

describe the future planned civilian communications assets discussed in the 

preceding sections. The abbreviations may be interpreted as previously 

defined in Chapter III. 

b. Telephone Switches 

There were no detailed data available on switches to be 

installed in Pakistan in the future time frame. 

c. Transmission Capability 

The future planned long haul trunks ...,ill be located in the 

Northwest Frontier and the Baluchistan. Table IV-' lists the future 

planned transmission capability. 

d. Record/Data Egu1pment Capability 

Detailed futUre plans for the installation of additional 

record/data equipment were not available for this report • 
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e. International Gbteways 
.. International telecommunicdtions of Pakistan are planned for 

• expansion to nearby countries. Table IV-2 lists the future planned inter­

·10.· nationaL gateways. 
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1. Overview 

CHAPTER V 
NOTES AND REFERENCES 

The key to determining the impact upon interoperability of the 
Pakistan telecommunications development plans is to understand the history 
and trends of the major Pakistan equipment suppliers, both foreign and 
domestic. This information provides the technical and political insight 
required to formulate the'interoperability assessment and recommendations. 

Prior to 1965, most of the Pakistan telecommunications equipment 
used in the public sector was suppl ied by USA or UK companies. From then 
into the 1970s. the situation changed to one ~here companies from Europe, 
Japan. Canada. and the USSR gradually penetrated the market. Local 
industry is still comparatively young and a majority of telecommunications 
and broadcasting equipment requirements are imported each year. Most local 
industry uses imported components and parts in the assembly and manufactur~ 
of telephones. telex machines. exchanges, radio. and talevi'sion products • 

2. Domestic Suppliers 
Telephones Industries of Pakistan (TIP) is a commercial company 

1n which the government has ashareholding agreement w.ith Siemens of West 
Germany. the other shareholder. TIP provides the ma'!n technical effort. 
finance. and management. with Siemens providing technical assista.nce when 
required and components not available to TIP. TIP manufactures and 
assembl~s electromechanical switching equipment for extensions. to existing 
exchanges. new local exchanges. and for automatic transit switching 
centers. It also makes telephone sets and teleprinters. 

Carrier Telephone Industries (CTI) is jointly owned by the 
government and Siemens. who provide technical assistance when required. 
Carrier Telephone Industries manufactures multiplex equipment and similar 
transmission equipment. 

V-l 
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The equip~ent from the two factories is standardized and its 
from other sources is prohibited • 

<.Foreign Suepl i en and Major Contracts 
Table .V-l . identifies some of Pakistan's· major foreign suppliers 

of . t~lecommunicationsequipmentand the principal ranges of· products 
supplied. Specific contracts associated with these suppliers are presented 
in Table V-2. 

4. Summary 
Internal stability has been precarious since independence in 

1947. with no firmly defined sociopolitical patterns emerging and the 
situation has not really changed since the pol itical .. olte-face of the 1977 
military coup. Development planning has. however, recognized that 
efficient telecommunication and broadcasting services and systems are an 
essential part 'of a strong1nfrastructure. This approach has cQntinued and 
is incorporated in the latest Development Plan for 1978-1983. which 
proposes further expansion ·and extension in all teleco~munications and 
broadcasting areas. Of note is the firm intent to provide a domestic 
telecommunications manufacturing capability evident in the fact that nearly 
90 percent of radio and television rp.quirements are being met from locally 
produced equipment, often assembled from 50 percent locally manufactured 
components. Active involvement within the Asian Telecommunications Network 
hasal.o positively encouraged expansion. 

While the import of components produced locally is prohibited, 
the bulk of equipment has to be procured externally. Shortages of foreign 
exchange have long been a major limiting factor when acquiring such 
equipment. Tied bilateral trade and loan agreements have ofter. been 
necessary and, as such. have ~I edetermined supplier source. Teday, the 
market. once dominated by US and U.K. companies, is spread across a wide 
spectrum which includes firms of the following countries which. in order of 
dominance, are West Germany, Japan. the United States, Canada, and the 
United Kingdom. with growing penetration from other companies in the 
Netherlands, France. Italy. and recently the U.S.S.R. The market for 

. telecommunications imports is expected to grow while the pattern of 
suppliers is unlikely to change substantially in the medium term. 
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TABLE V-l. IDENTIFIED EQUIPMENT SIIPPLIERS 

: CmINTRY' SWITCHING TRANSMISSION . 
& 'XCHS SETS L~O.S. VHF 't/STNS COAX 

& & \I UHF & " COMPANY NTKS TERMS TROPO HF AHTEN SUB 
Mobile CABLE 

PAKISTAN 

CTI x x 
WRTC x x 
TIP x x 

UNITED STATES 

FEC - ITT x x 
GTE INTL. )\. 

MOTOROLA x 
RCA CORP x 
SOUTHCOM x 
STONER x 

~NADA 

MARCONI x 
, RCA - SPAR x X' 

~ 

NEC x x x 
TOSHIBA x 

EUROPEAN 

ELEKTRISK (LME) 
GEe - MARCONI x 
PYE (PHILIPS) x 
SIEMENS x x x 
SIT- SIEMENS x 

" 

V-3 

-::~.--



\ 
\ 

• 
• 

THE'BOM CORPORATION 

TABLE V-2. MAJOR fOREIGN CONTRACTS 

<-- .---~.-. 

~ONTRACTOR EQUIPMENT SUPPLIED 
·1'· .. '.: . 

~EC (JAPAN) • Intll Tph. Exchange (Karachi) 

• Electronic Exchange (Lahore) 

• Local Tph. Switching Eqpt. 

NEe & TOSHIBA • Microwave route (7 GHz. 
960 CH) 

• M1 crowave route (960 CH) 

SIEMENS (WEST • Automatic telex s\litches 
GERMANY) (Karachi. Lahore, Rawalpindi) 

• . Buried Coaxial Cable System 

GEC-MARCONI (UK) • VHF & HF Systems 

SIT-S IEMENS (ITALY) • Microwave link (960 CH) 

FEDERAL ELECTRIC • Monitor and control network 
CORP (ITT) (US) for PAK-ARAB refinery 

• Microwave. UHF. and mobile 
radio links 

GTE-INTERNATIONAL • Microwave link 
(narrow band) 

RCA (CANADA) • Microwave route 
(600 CH) 

• Satellite Earth Stn •• 
30m diam. antenna 

~ARCONI-CANADA LTD. • Microwave. 2GHz peM 
system along pipeline in 
lower Indus Valley 
(24-120 CH) 

~CA CORP {USA} • CENTO Microwave route 
through Baluchistan 
(600 eH) 
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CONTRACT 
PERIQD $m 

.' 

.. 

78-79 

70-73 1.4 

73-75 --
77-78 

Mid-1970s 

Late 19605' 

'74-75 

78-81 10.0 

Early 1970s 

75-76 

70-74 10.0 

76-77 

Hid-1960s 
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i ' 

B. BACKGROUND INFORMATION ON US GOVERNMENT COMMUNICATIONS SYSTEMS 

1. ,Army Tactical Communications Slstem {ATACSl 
'·',The . Army Tactk8.1 Multichannel Communications System is an 

. integrated system of communications equipirllntprovidlng secure and non-
secure high quality transmission paths, circuit and message switching, the 
means to terminate these circuits and paths, and the means to co"trol the 
system at the nodal 1evel. 

The transmission systems for Echelons Above Corps (EAC) consist 
of multichannel and single channel capab11ities. Both systems operate at 
line-of-sight (LOS), over cable, and beyond line-of-sight. Tandeming 
capability is provided with, radio relay for LOS. and with 
unattended/attended repeaters for cabla. ATACS uses a combination of 
analog and digital transmission. However, new equipment being installed 1S 

almost exclusively digital. 
There are two automatic circuit switches in ATACS which are 

'inter~3 solutions to the more advanced TRI-TAC hardware, and these switches 

have replaced the older manual types (also found in ATACS). The AN/TTC-38 
switch Jerves a large area or command node at Eche10ns Above Division (EAD) 
to include Echelons Above Corps (EAC). while the 58-3614 is' a unit level 
switch which can be employed at any echelon. 

All signalling within the AN/TTC-38 is performed using dual tone 
mult\frequency (DTMF) tones for mil Hary locals and tr~nks. In addition, 
it also has the capabil ity ~or single frequency (SF) signalling to 
commercial trunks. Supervisory signals are single frequency (SF) tones for 
off-hook. and on-hook conditions to telephones operating on local battery 
and DC supervisory signals are used for telephones operating on convnon 
battery (using the ANITTC-38 battery as a power scurce). Trunking 
supervisior. is OTMF for military switchboards and DC closure for commercial 
switchboards. Telephone signal converters are used to interface with the 
older ringdown switchboards and speCial trunks are available ;n the AN/TTC-
38 to provide 'this capability. 

Since 1980, ATACS equipment has been in the process of being 
modified and upgraded. In some cases this includes addH:ional components 

v-s 

\ 

'9 



• 

THE 8DM CORPORATION 

only •. while· in others it includes hew 4$sQI1'.blages The most critical of 
,.the improved ATACS components are the multiplexer and combiners. the 

i.<.t'.·;:!',k'.:' .. niJ~106St "; TO~' 069::.ro"S76 ~ andTn~9a2. " The,~ :i terns will' a 11 ow 
~:' ';!~'::':?W~f~t'h~'~a~i~U$ TRl·"TAc·eqUipmS~twi.th the ATACS'famUYi' .. ' 

'·-i;i·'2. "TRI-TPtC'O'lgHa1 Tel~eommi.miei!tiOfi$ Ptogram ' . 

. In 1971, the DoDeshbHsned the Joint Tactical Communication 
, Office to design and implement a tri-service tactical communication system 

(TRI-TAC) of the future. The TRI-TAC system ;s designed to replace or make 
efficient use of existing ATACS analog equipment inventory, as well as to 
utilize the rapidly improving digital technology. The TRI-TAC Charter sets 
down three major objectives, as follows: 

(1) To place. in a timely fashion. naw bctical equipment reflecting 
. the most effectin technology in tho field to (,upport the Armed 

Forces in the performance of their missions. 
(2) To achieve the necessary degree of interclPerabi 1i ty among 

tactical communications systems and other 000 telQc~m,mLn;cations 

systems ( i.e. , DeS); and 
(3) To eliminate duplication. when feasible, in the develQpment of 

military service equipmtnt. 
"TRl-TAC wi 11 evolve in 4 step-by"'step fuhionfrom a 'combined 

.n~logldigitalsystem to a cOJn1:l1etely Automated digital system, with all 

Jnalogec;uipment phased out .by1992. Xts prilHry functions will . include 
trunk;ng. access control t switching. and communications. security (COMSEC). 
Switching and system control interfaces wi 11 be provided to the current 

. tactical Army System (ATACS). to the DeS (AUTOVON and A~TODIN). and to NATO 
subscribers. 

The TRI-TAC transmission facilities consist of: (1) line-of-
sight (LOS) multichannel radio systems. (2) digital t.ropospheric scatter 
multichannel radio systems, (3) digital group multil11exer systems, (4) 

demand-assigned time division multiple access (OAlTDMA! tactical satellite 
SHF and UHF systems, (S) mobi1e subscriber access (MS \) systems, and (6) 
cQ1IIIIunicat1ons secul·ity (COMSE.C) equipment. Equipmellt used in the LOS 
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multichannel radio systems include the AN/GRC-144 radio set which operates 
in the 4.4 to 5 GHz and 14.4 tol 5 GHz ranges ~ and the AN/GRC-l 03 radio 

: set~.whtch . operatas . in the 220 to 1850 MHz range. All of the digital 
tr?pO$Cl1tter radio sets will utilize time division nlultiplexing ("fDM) with 
a switch-selectabie channel capacity of 64, 48. 32. or 16 channels of 
32 kbps each. In addition. eac:h set will be designed to operate in the 4.4 

to'S.O GHz band. 
The family of tactical circuit and message switches (AN/iCC-39 

and Al'!.'TYC-39. respectively) will provide service for analog. digital. and 
secure voice, data and facsimile subscribers. The hybrid AN/TTC-39 circuit 
switches handle analog and digital voice, as well as data communications. 
Signalling ;s common-channel. both in-band and out-of~band. For analog 
loops and trunks, supervisory signals include 2600 Hz single frequency 
(SF), DC, and controlieci E&M; other signalling used includes OTMF. manual. 
dial pulse. and multi-frequency (MF). Features of the AN/TTC-39 include 
conferencing. precedence/preemption, and call intercept.' ihe AN/TYC-39 
message switch employs in-band signal1 ing and supervision and has a store 
and forward capability. In addition, it has an automatic interface to 
AUTODIN. All versions of the circuit and message switches are modular in· 
design and can handle a capacity from 300 to 2400 lines for the circuit 
switch,and 25 to 50 lines for the message switch. Switching, routing. and 

'processing of calls arid record traffic are under computer centrol. The 
hybrid circuit switch has been designed to provide for both analog and 
digital service dUT ;ng the transition to the all-digital objective system. 

3. Defense Communications System {DeS} 
The DeS. ; s the wor 1 dw; de comp 'ex compr; s i 09 a" Un Hed S ta tes 

Government long-haul point-to-point communications facilities, associated 
personnel. and material within the Department of Defense (000). It is 
primarily a long-haul. general purpose system of govern "int-owned and 
leased transmi ssion media, relay stations. and sw; tch; ng centers. The 
composite DeS is a very extensive and complex system located in 70 

V-7 

Pi 



\ 
\ 

.. ' 

• 

\ 
\ 

fl'WU:;;;W:; a=4JQii\ljiJ4i,@. .. ¥., J£ ·AAM·, iN .. ii;;:;GiMiIIIA¢;:::;;:;:iiA ,;!iiifIIiii§d.g; "JI,. "",;;;::;;!J.4 t,. J%I..¥AJ AiiA4iJ i) a i?41tUt C .$; 

THE 80M CORPORA.TION 

countries throughout the world. The DeS cOMpr; ses three major networks: 
AUTOVON, AUTOSEVOCOM. and AUTOOIN. 

a. AutomatieVoke Metwo::.k (AUTOVONl 
AUTOVON.,' as ,part Of th&OCS~, ;s a worldwide' automatic 

voice network for the 000 and other authorized agencies. The 
Continenta 1 United States (CONUS), Hawa; ian. and Canadian portions of the 
networlt are leased. with switches and transmission facilities provided !Jy 

commercial carriers. The overseas portion of the network consists of 
Government-owned sw~tching centers and transmission faciltties supplemented 
by leased transmission facilities. Transoceanic trunks are leased between 
the CONUS and overseas area gateway switches. They provide the n.quisite 
connectivity for the worldwide networK. tn .addition to providing 
subscribers with nonsecure voice grae::, switching service. AUTOVO'· ;&" 

provide access lines and switching for the primary use of other r~~ 

networks forrestoral purposes. The combination of all AUTOVON switt s 
and their supporting transmission facilities coupled with varied four-wire 
subscriber instrument configurations and Private Branch Exchange and 
Private Automatic Branch Exchange (PBX and PABX) services, both leased and 
GQvernment-owned, and their supporting transmission facilities. is designed 
to "provide the, media with reai-time voice and alternate voice and data 
switching service for validated sub3criber requirements. 

Although fuily compatible, the CONUS and overseas segments 
of AUTOVON have slightly different operating characteristics. This;s due 
basically to differences in equipment and routing logic. The CONi'~ segment 
of the worldwide network. is leased from commercial carriers and includes 
that portion of the network within ,the 48 contiguous. states plus Canada. 
The overseas portion, with minor exceptions, uses government-owned 
fac;l Hies and inc1.udes the network outside the 48 contiguous states in the 
European, Pacific, and Caribbean areas. 80th the CONUS and overseas 
segme,ts are designed to provide. the same service features. The 
transmission media interconnecting the switching centers include 
transoceanic and landline cables. microwave radio, tropospheric scatter 
systems, and communications satellite linKS. 

V-8 
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The CONUS AUTOVON comprises aoproximately 45 to 61 s~itching 

centers, each cont4in~n9 a ~oQified CelTi Numbe~ 5 :rossbar switcning 
machine, an ESS-i or modifiec Automattc Electric switcn that is wieely usee 
in the telephone industry. These switching :nach~nes function 1 he their 
commercial counter~arts but with added features designed to meet the needs 

"> • 

of .000. 
. b.Automatic ~ecureVoic:e C0mr:1\Jnkatio~s(AUTCSEVOCCM1 

AUTCSEVOCOM is a secure voice subsystem of the Jefense 
COlmnunications System serving 41:proximately 1400 subsc:"ibers throughout the 
world. ihe AUTOSEVOWM system cons; sts of 'l'Iideband Subscriber iermina 1$ 

(ViSST), Narrowband Subscriber Terminals (N8ST), and speciaihed AUiCSnOCOM 

switches. WaSTs opera:e at 50 Kbps. Owe to the high bit rate, 'WaSTs are 
. grouped in close geograph1cal proximity within communities of interest and 

are terminated by wideband (w3) circuits to the serving ,\UiOSEVOCOM swi~:.h. 

NBSTs provide secure voice service to isolated sub~cribers which cannot be 
economically connected to 4n AUTOSEVOCOM switch on a we basis. These 
termir.als operate at a slower :it rate (2400 or 9600 bps) and are connected 
to AUTOVON. or other 4··wire switches by narrowband (NB) DeS transmission 

facilities. 
AUTOSEVOCOM switches ar& interconnected by AUTOVCN. 

dedicated narrowband (NS) circu~ts and dedicated wideband (WS) circuits. 
All NBSTs an~ AUTOSEVOCOM switches have HB connectivity directly or 
indirectly to ,\UTOVON. Where direct access to AUTOVON is not available, 

··:connectivity is derived from other existing NB DeS transmission faciHth.S. 
WBST access to the worldwide HS AUTOVON media always requires operator 
assistance and WB-to-NB cO!'wersion. WB-to-NB conversion is performed at 
the AUTOSEVOCOl-t switches by a Narrowband Trunking Unit which converts the 
50 Kbps WBST signal to a 2400 or 9600 bps signal suitable for transmission 
over the NB netwcrks. ih; s conversion reduces the high quality speech of 
intra-switch WB calls to the lower quality artificial/reconstructed speech 
typical of lower bit rates. 
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Eventually. the existing AUTOSEVOCOM Network will be 
replaced by a more modern system. It is anticipated that :;"e t":;dsting 
system will continue in operation until at least 1985. 

Automat;c Digital Network (AUTODINl 
.. AUTODIN .is the· switched data netWork of the· Defense 

. Corr .. nunications Agency-:managed.· Defense Communications System. providing 
secure worldwide communications for the 000. and. other federal agencies. 
There are a total of 18 AUTODIN Switching Centers lASes) worldwide,. 9 in 
the CONUS and 9 overseas. The 9 ASCs in the CONUS are nominally managed, 
on-site. by the military departments, with the ASC and certain related 
services leased from the domestic communications industry. bterconnecting 
CONUS ASC communications trunks are all leased from common carriers. The 8 
overseas ASCs are managed and opera ted by the mil itary departments • 

The AUTODIN consists of a11 AUTQOINswitching centers (ASC) 
and terminal stations connected thereto. Thh seCUi"e. fully automatic 
switching network is designed, engineered, anc! programmed to provide 
continuous operation, minimum loss of service, and no loss of traffic. 
AUTODIN accepts and delivers traffic in a variety of modes: teletype­
writer punched cards, magnetic and paper tape, and some classes of 
computer-to-,computer traffic. Transmission rates vary, according to . . 
subscriber needs, from 45 to 4800 baud. 
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C. INTERNATIONAL STANDARDIZATION 

It is desirable that one communication sys'tem be able to communicate 
with another. and .so standardiia tion of signa 11 ;n; proced'Jres ~ s necessary. 
~tanda~dization exists within countries; however, many different 
incompatible signall ing systems exist in different countries. The 
Consultative Committee on International ielegraphy ar:ld Telephony (CeITT) 

has standardized a number of signalling systems for general use in 
international automatic and semi-automatic switching networks. These are 
designated by sorial numbers 3. 4, 5, 6, and 7. For this report, systems 
No. Sand.6 are of special interest. System No.5 is the international 
in-band system for two-way operation. It uses two frequencies, 2400 Hz 
and 2600 Hz, for link-by-link supervision; and two·out-of-six frequencies 
(700, 900, 1100, 1300. 1500, and 1700 Hz) for addressin9. System No.6 is 
the international system designee! for digita1 two-way I: 19nalling over a 
common channel. The digital signals may be transmitted ov-.;;r eo quasi-analog 
channel at 2400 cis or over digital channels derived from the· Pulse Code 
Modulation (PCM) multiplexer at 4 kb/s. The North .~erican Common Channel 
Interoffice Signalling (eelS) system is similar to System No.6. The 

'differences noted are largely' due to the fact that the System No.6 was 
developed for use internationally, whoreas CelS is being implemented for 
domestic use, in the US on toll networks • 
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D. PULSE CODE MODULATION (?CM) 

Although PCM was conceived and patented in the 1930's, the first 

commercial systems were not installed until the ,1960's. peM is the 

representation of a speech signal.~or o,ther analog signal, by sampling at a 

regular rate and convertlng each sample to a, binary number. In analog 

modulation (FOM/FM). the moduhted parameter varies continuously and can 

take on any value corresponding to the range of the message. When the 

modulated wave is affected by noise. there is no way for the receiver to 

discern the exact transmitted value. The advantage of PCM is that only a 

few discrete values are allowed in the modulated parameter. If the 

separa~ion between these values ;'$ large compared to the noise 

perturbations, it is a simple matter to decide at the receiver precisely 

which specific value was intended. Thus the effects of random noise can be 

virtually eliminated. 

In determining interoperabil ity. it is important to know which type of 

PCM is being used or considered in the foreign nation. In this study, 

three standards of PCM are' applicable--North American. European and 

Japanese. Table V-3 presents the technical parameters of the three 

intarnationa 1 PCM standards. Though North American and Japanese PCM are 

identical at the first level shown in the table (and also at the second 

level), their,characteristics diverge at the third level and above. 
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I TABLE V-3. INTERNATIONAL PCM STANDARDS 

t 
,,-

, 
• 
~ 

BIT RATE 1544 Kbps 1544 Kbps 

" 
NO. OF BITS/CH. 
TIME SLOT 8 8 8 

NO. OF CH TIME 24 24 32 
SLOTS/FRAME (1 to 24) (1 to 24) (0 to 31) 

NO. OF BITS/FR 193 193 256 

FRAME REPETITION 
RATE 8000 8000 8000 

FRAMING BIT -ORIENTED BIT -ORIENTED CHANNEL ORIENTED 

CH. TIME;.,SlOT 24 CH 24 CH ·30 CH 
ASSIGNMENT . (l to 24) (1 to 24) (1 to 15, 17 to 31) 

SIGNALLING CCS (4 Kbps) CCS (4 Kbps) SEPARATE CHANNELS 
(0 and 16) 

CHANNEL 
CAPACITY 64 Kb 64 Kb 64 Kb 

" VOICE QUALITY 8 BITS/5 FRAMES 8 BITS/5 FRAMES 8 BITS/ALL 
7 BITS/6th FR 7 BITS/6th FR FRAMES 

TRANSMISSION MODE BIPOLAR BIPOLAR BIPOLAR l 
l 

! 
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TABLE V-3. INTERNATIONAL PCM STANDARDS (continued) 

.' 
" 

'- NORTH AMERICAN -JAPANESE - EUROPEAN 
" 

[2nd.ORDER] 6312 Kbp~ 6312 Kbps 8448 Kbps 
(PCM-2) (96 CH) (96 CH) (120 CH) 

- - - .. .. - - ... 
ALSO 7876 Kbps 

(120 CH) 

(3rd ORDERj 44136 Kbps 32064 Kbps 34368 Kbps 
(PCM-3) (672 CH) (480 CH) (480 CH) 

/ 

[4th ORDERJ- 27417'6 Kbps 97728 Kbps 139264 Kbps 
(PCM-4) (4032 CH) (1440 CH) (1920 CH) 

[5th ORDERj 397200 Kbps 
(PCM-5) (5760 CH) 

:: \, 

i/ 
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THE aDM CORPORATION 

E. DEFINITION OF ATTRIBUTES 

Provided below are short definitions of- some of the communications 
. systemsattl"i.~utes _used i~ labia 1-1. Understanding these attributes and 

how ttleywere interpreted is. edt'leal ;1\ the evaluation or -Table r-land 
the assessment of \nteroperability. 

eelS 

OP 

DTMF 

FDN 

FULL DUPLEX 

HALF DUPLEX 

Common Channel Interoffice Signalling is a technique by 
which the s;gnalling information for a group of trunks ;s 
transmitted between switching offices over a separate voke 
channel using time-d1vision.1'll6thods .. 

Dial Pulse or Pulsing is a method of transmitting a 
telephone addr~'! s by the momentary open; ng and c los i ng of a 
dc circuit a specified nUll'.ber of times, corresponding to the 
decimal digit which is dialed. This is usually accomplished 
by the manual operation of a finger wheel or phone dial • 

Dual Tone Multifrequency Signaling. A method of sic;nalling 
in which a combination of two .frequencies. each from a group 
of four, are used to transmit numerical address ;nform.ation • 

. The two groups of four frequencies are 697 Hz. 770 Hz. 852 
Hz.·941 Hz, and 1209 Hz. l336 Hz. 1477 Hz, and 1633 Hz. 

Frequency-Division Multiplex ;s a multiplex system in which 
the available transmission frequency range is divided into 
narrower bands. each used for a separate channel. 

Refers to a communications system or eQuipment capable of 
transmission simultaneously in two directions. 

A communications system in which information can be 
traIn nitted in either direction but only in direction at a 
timl 
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THE 80M CORPORATION 

IN-BAND 
SIGNALLING 

MF 
SIGNALLING 

OUT-OF-BAND 
SIGNALLING 

PACKET 
SWITCHING 

PCM 

The transmission of signalling information via tones at some 
frequency or frequencies that 1 iell'ithin a carrier channel 
normally used for voice .transmission. 

The tectmique of receiving a' message, storing it until the 
proper outgoing line is available. andtnen retransmitting. 
No direct connection between t~e incoming and outgoing lines 
is set up. 

Multifrequency signalling or 
transmitting address information 
con tre 11 ; ng the te 1 ephcne ne twork.. 
ten possible digits (0 to 9) plus 

pulsing a method of 
and other signals for 
The ident; ty of each of 

the required supervisory 
functions is determlned by a combination of two out of six 
possibie Jrequencies. 

A method of signalling which uses a frequency that is within 
the passband of the transmission facility, but outside of a 
carrier channal normally used for voice transmission. 

·The transmission of data by means of addressed packets 
whereby a transmission channel is occupied -for the duration 
of transmission of the paeketonly. Th.a channel ;s then 
available for use by packets being transferred between 
different- data ·term;nal equipment. The data may be formatted 
into packet or divided and then formatted into a number of 
packets for transmission and ~ultiplex;ng. 

Pu he Coce Modu 1a t; on ; s the represen ta t; on of an ana 1 og 
signal (speech) by sampling at a regular rate and converting 
each sample to a binary ~umber. See Chapter V. Section O .. 
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TOM 

• 

Time Division Multiplex;ng isa means ofobta'\ning a number 
6f channels over a single path by time-dividing the path 
into a nUlllber of time slots and assigning each channel its 

own intemittent1,Y"'repeated time slot. ALthea. receiving 
end. each time-separated channal is reassembled. The system 
is ideally suited for the transmission of digital data, and 

;s now used for digitized speech and other. signals. 
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F. GLOSSARY OF ACRONYMS 
• 

" 
~ 

Antenna (e) 
- -

C0Il'3!1unicat1ons System ATACS Army Tactical 

ATN . Asiari Telecommunicati.Ol'1s Network 

AUTODIN Automatic 01gitalNetwork 

AUTOSEVOCOM Automatic Secure Voice Communications 

AUTOVON Automatic V~ice Network 

B 

.-- .' 
bps Bits per second 

C 

CCIR Consultative Committee on Intern.ational Radio 

CCIS Common-Channel Interoffice Signalling 

CCITT Consultative COlmnittee on International Tele-
graphy and Telephony 

CENTO Central Treaty Organization 

CH. Channel (s) 

CKTS Circuits 

CO Central Office 

COAX Coaxial Cable 

CONUS Continental United States 

CTl Carrier Telephone Industries 

.~ 

" 

.- . .. 
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Des 
DOD 
000, 

DP 
DTMF 

E/STN 
EM 
ESA 
ESS 

FOM 
FM 

GHz 
GNP 
GTE 

IBRD 

INTELSAT 

lOR 
ITT 
ITU 

I 

o 

Defe~se Communications System 
Direct Oistance01aling 
Department of Oefense' 
Dial Pulse 
Dua 1-Tone, Mul t i frequency S i gn.a 11;"9 

Earth Station 
'Electromechanical (Switching) 
European Space Agency 
Electronic Switching System 

F 

Frequency Division Multiplex 
Frequency Modulation 

G 

Gigahertz 
Gross National Product 
General Telephone and Electronics 

I 

International Bank for Reconstruction and 
Development 
International Tel ecolTlllun't cat ions Satell1te· 
Consortil.!m 
Indian Ocean Region 
International Telephone and Telegraph rorporation 
International Telecommunications Union 
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. LEO 
LL 
LNS 
LOS 

Mec 
MHz 
MOe 
MW 

PABX 
PARCO 
PBX 
PCM 
POR 
PR 
PRI 
PTP 

Local,End Office 
Leased Line 
Lines 
Line-of-Sight 

. M 

Master Control Center 
Megahertz 
Ministry of Communications 
Microwave 

. f 

Nationa1Aeronaut.1cs and Space Admfinistration 
.. Nippon Electric Company (Japan) 

Network 
Nation-Wide Dialing 

P 

Private Automatic Branch Exchange 
Pak-Arab Refinery, Ltd. 
Private Branch Exchange 
Pulse Code Modulation 
Pacific Ocean Region 
Pair 
Primary 
Point.-to .. Po1nt 
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STD 
SUB 
SXS 

. T&T 

TOM 

TIV 

UHF 
UK 

UN 

.. Sui Gas. Transmission Company 

Stored Program Control 
Subscriber Trunk Dialing 

Step .. by-Step 

T 

Telegraph and Telephone Department . 

Time~Division Multiplex 
Terminal 

Industries of Pakistan 

COll'mUnications 
Tropospheric Scatter Microwave 
Teletypewriter Equipment 

UltraHigh Frea~ency (300 Mijz to 3 GHz) 
United Kingdom 
United Nat ions 
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XCH 

Water.and Power Development Authority 
Western Electric Company 

x 

Crossbar (Switching) 
Exchange 
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Telecotmlunicatior'$ Systems and Equipment Market 
in Asian Countr\!s 19PO-1990. Islamic Rejublic 
of. Pakistan; Frost and Sullivan, Inc.;., 1980 

... (Unclassified)." .. ' ..... 
" ':)t~'~ <~ ,} ,,' ,j~, :(/~::/',{ ~:' ';' ~ >~~ :~\~,' / ;~';,~ ~ ~ 

" Background' Notes~ 
State.· Bureau ·ofPulllh: 

, (Unelass'f1ed) 

. Air Forces of the World 
Data; 1982 (Unclassified) 

Telecommunications Development in Nation 
Reviewed; The Pakistan Times; Worldwide Report, . 
Te lecormrunications Po 11 cy R&D; NTIA;Oecember 
1981 (Unclassif1ed) 

Foreign Economic Trends and Their Implications 
for·. the United State$ (rakistan); US Department 

. of ComIerce; December 191\,) (Unclassified) 

The Pakistan Market for American COI1Wnunication 
Equipment, 1981-1983; Foreign Commercial 
Service. American Consulate General. Karachi; 
November. 1980 (Unc lass ified) 

Telecol1l'llunicatfons System for on Pipeline In 
Pakistan; J. H. Third, H. P. OelB1aoo,and S. A • 

.... Mainuddh,. Telecomnun;ciltioliS magazine; January 
1982 (Unchssified) 

Europe Year Sook1980: A World Survey; 
2; Europa Pub licatlons Ltd.; 1980 

. (Unclassified) 

Briefs; Worldwide Report. Te1ecOn11lunications 
Policy R&D; NTIA, December 1981 (Unclassified) 

Final· Report on the CEN10 Microwave 
Communications Survey; Morcom Systems. Inc.; 
July 1975 (Unclassified: 
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Pacific Defense Reporter, Annual 
Edition; 1980-81 (Unclassified) 

Politif;al Handbooli: of ,the:·, World;, Arthur S •. 
Banks. ed.; January 1979 {Unclassified)'; 

,A$ian Survey; VolumeXXt9:No~~2;Unlver$it.YQf·' 
California Press; February 1981 (Unclassified) 

Application of NEDIX-51OA Telex. Switching System 
in Pakistal'l~ NEe Research and Development, 
No. 46; July 1977 (Unclassified) . 

T&T Directorate General; Western Electric· 
Company; 1980 (Unclassified) 

Official 011 Efficient Telecom links in South 
Asia Region; ThePakhtan Times; Worldwide 
Report, Telecommunications PoHcyR&D; NTIA~ 
December 1981 (Unclassified) 

Priorities of National Space Program Outlined; 
Karach i Morn; 09 News; Worldwide Report. 
Telecommunications Policy· R&D. NTIA; Oecember 
1981 (Unclassified) 

News; TElecommunication Journal;, Volume 43. 
Noo' Xli; 1976 (Unclassified) 

The World Telecommunications Directory; Telecom 
Systems Group, tnc.; February 18.· 1980 
(Unclassified) 

.. 

Defense and. Foreign Affairs Handbook; 
Associatesi·1980 (Unclassified) 

Far Eastern Economic Review; Asia Yearbook; 1981 
(Unclassif,ied) 

Marketing in Pakistan; Overseas Business 
Reports. US Department of Commerc~; March 1977 

.. (Unclassified) 

Calling the World; Spectrum Management 
Information Center; AT&T Long Lines; 1975 
(lJnclassified) 
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