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Phase I of the experiment described had a twofold purpose (1} to determine
costs and work out arrangements for a one-month test of the Long Distance
Xerography (LDX) telefacsimile system for interlbrary transmission of printed pages
between the Berkeley and Davis campuses of the University of California, and (2) to
analyze the LDX system in terms of its potential for making possible increased shar'mi
of library resources by regional or intercampus networks of cooperating libraries.
cost analysis was made for several different degrees of usage of the equipment,
taking into account staff time, equipment costs and supplies, and the general set of
conditions which must exist before the LDX system is used to advantage was found
From the preliminary analysis the following conclusions were reached: (1) the LDX
system appears to be capable of providing rapid, high-quality transmission of printed
pages rom one library to another, with elapsed time for each transaction averaging
25 hours instead of the week or more typically required. (2) the cost of an LDX
system precludes its use in lbraries at current interlbrary photoduplication service
levels; and (3) there is great potential of expanding access to existing large serials
collections by establishing an LDX network serving several libraries, each with smaller
collections oz the more frequently used titles. (CM)
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INTRODUCTION

Phase 1 of the experiment has had a twofold purpose:
1) 8 and work oub all &rrangements for equip-
ment installation, transmission links, building space, staf-
fing, scheduling, and experimental design for a one-month
test (Phase 2) of the IDX telefacsimile system for interli-
brary transmission of printed pages between the Berkeley

and Davis campuses of the University of California.

2) To analyze the ILDX System in terms of its potential for mak-
ing possible increased sharing of library resources by re-
gional or intercampus networks of cooperating libraries.

Objective #1 has been accomplished, and the plans for the IDX test
are summarized in the proposal for Phase 2. Objective #2 is represented
by the main body of this report. The analysis is presented only in such
depth as seems appropriate before a working test of the equipment is per-
formed, and is intended to serve as an aid toward assessing the value of
such a test. The cost and performance data show the general set of con-

ditions which must exist before the LDX system may be used to advantage,




SECTION I - BACKGROUND

The concept of telefacsimile systems as a means of rapid transfer of
information between libraries has great appeal, bringing to mind attrac-
tive possibilities such as great reductions in duplication of library re-
sources, or widespread quick access to vast central stores of information.
Although these ideas will undoubtedly beccme realities at some future
time, there has been no demonstration that any telefacsimile system is
ecnnomically feasible for present interlibrary use. Realistic informe--
tion as o cost and utiLity for libraries must be obtained by using the
equipment in a library working situation and by analyzing the adaptation
of the library to its use.

| This interim report is an effort to describe in rather broad terms

the framework and scale of library operations appropriate to the IDX sys-

tem.

.a.




SECTION II - GENERAL DESCRIPTION OF IDX SYSTEM

A. Physical Description.

In terms of typical library equipment, the IDX {Long-Distance Xerox)

is a relatively sophisticsted; eostly svstem. It is conprised of three

basic elements, the Scanner (transmitter), the Transmission Link, and the
Printer (receiver). Iin size, the Scanner and Printer are roughly compar-
able to the Xerox 9l% (See Appendix 1 - LDX Specifications for a detailed

description),

B. Working Principle.

The Scanner operates by sweeping a narrow light beam back and forth
acress the page to be copied. The reflection of this beam is focused ine
to an electronic system where the variations in light reflected by the
image on the pasge are converted into electrical impulses. These impulses
are transmitted via either cable or mierowave signals to the Printer,
where they are converted back into light by a cathode ray tube. This
tube projects the light impulses onto a drum, from which a finished copy
is produced by the conventional Xerox process.

C. Transmission Link.

The LDX requires a transmission link with a frequency band-width of
at least L48 ke (kilocycles) » which is equivalent to twelve ordinary tele-
phone lines. If fagter performace is desired, a 240 ke band-width channel
iay be used, approximately doubling transmission link costs but increasing
cutput speed by a factor of 5 at the same time. The 48 ke and the 240 ko
telephore coupany channels are commonly referred to as & TELPAK "A" and
a TELPAK "C", respectively.




it b Bl Pt ik

ST SRR TR TR TATT AR T A e TR

DA A S P M M ¥ e

e i ot et ot e e . e A M B et e ke e St ot it 4

Channels of this capacity may be leased from a common carrier, such

as Bell Telephene Co., or mey be set up as privately owned microwave or

co-axial cable srastems.

D. Resolution.

The resolution is normally opre-set at the f
190 LPI (scanning lines per inch). Sample copies show that 190 LPT is
likely to provide adequate resolution for normal library requirements.

E. Speed.

The rate at which pages can be transmitted depends upon the resolution
(LPI) and the channel band-width employed, ranging from .88 pages per min-
ute te 8.75 pages per minute{ or conversely, from 1.1} minutes per page
to 0.11h4 minutes per page. Table 1 indicates the variou; resolution/band-

width/rate relationships.

P, Materials which can be Transmitted.

The Scanner will accomodate single pages only, and is not capable of
copying directly from bound or unbound volumes. Pages may range in size’
from a minimum of 3i inches by 5 inches to a maximum ef 91 inches wide by
any length. Original copies, Xerox copies or photocopies af printed pages,
typescript, menuseript, line drawings, maps, etc. of any color may be
transmitted, Copies produced by the Printer are'positive (black on white),
not effective in reproduction of half-tones, and are comparable in appear=-
ance to the copies produced by the Xerox 91k.

G. Method of Operation.

Single sheets to be transmitted are manually fed into the IDX Scane
ner's document conveyor one at a time. Copies are produced by the Printe

er on a continuous strip of paper, which is automatically eut to size. No

operator is neceséary for the Printer after its initial daily warm-up cycle.

“lr-
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SECTION III -~ COST OF THE IDX SYSTEM

A. Equipment and Supplies.

The equipment is marketed on a lease basis by the Xerox Corporation,

with & minimum charge of $550 per monthk for each Scanner and $650 per
month for each Printer., This base rental includes a footage allowance of
2500 feet per month (2500 copies) for each machine (see Table 2). To this
minimun charge of $1,200 for a pair of machines must be added the monthly
charge for the transmission link, which would be on the order of $700 for
@ short distance, and sbout $1,800 for a 500-mile L8 ke link including
charges for connecting terminsls. The costs computed in this report are
based on Pacific Telephone Company monthly charges for comnecting equip=
ment (A4 Data Terminals) and TELPAK "A" channels, priced as part of the
State of California communications system.

Equipment and transmission link costs for s one~-way LDX facility be=-
tween the Berkeley and Davis campuses of the University of California are
listed at various volumes of use in Tables 3«6 and are shown graphically'
in Figure 1. Table 6 represents 992» hours per day at full capacity and is
included only to show how low the cost per copy would be if such heavy
use could be attained in a library system.

To the equipment costs described above must be added approximately
1¢# per pege for IDX supplies, and an allowance of 5¢ per page for Xerox
copies (needed in most cases since the Scanner will accommodate single
sheets only).

B. Staff Time.

The Staff time required per IDX transaction would vary considerably

;
~6- :




TABLE 2

LDX PRICE SCHEDULE

Monthly Each Each
Footage Scanner Printer
ﬁf;;oge?ZZ% $550 per month $650 per month

Excess Footage

All Scanners

All Printers

0-10,000 $.020 per ft. $.030 per ft.
10,000~50, 000 015 025
50, 000-100, 000 . 010 . 020
100,000~175,000 0075 . 0175
175,000-1, 000,000 . 005 .015
1,000,000-up . 005 .010

Base rental for each unit includes 2500 feet (approximately

2500 pages) per month.

After base rental and footage allow-

ance are deducted for each unit, total excess footage for
all Scanners and for all Printers in a system is priced as

shown above.
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FIGURE 1
LDX Berkeley - Davis
22
FQUIPMENT AND TRANSMISSION LINK COSTS
PER 10 PAGE TRANSACTION
AS A FUNCTION OF TRANSMISSION VOLIME
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depending on the method used in providing service. If requested items are
to be immediately obtained from the shelves (main stack or branch library),
Xeroxed, and transmitted promptly, fhe elapsed time for completion of re-
quests will be minimized, but staffing costs will be greater than with a
slower, but more economical method where tasks are back-logged and done

in batches. 1In either case, the actual transmitting time is easily calcu-
lated from Table I, and would cost approximately 50;.‘ for a 10-page trans-
action if the operator is paid $2.50 per hour. (This is computed at the
slowest IDX rate of .88 pages per minute).

Costs for staff time for a 1O-page transaction are estimated and
listed below, considering only the working time actually reguired for each
step. These costs may be regarded as near minimum, since no account is
made of standby time (staff kept available for prompt response to requests) »A
or of time spent on- requests which cannot be filled due to incomplete or

incorrect citation or to unavailability of the desired material.

Estimated
TRANSMITTING FUNCTIONS: average no. of
. Minutes
1. Receive request via telephone, record : l
information on work-sheet
2. Check for call no. and location 5
3. Retrieve item from shelves (5-45 min- 15
utes depending on location)
‘4 Make Xerox Copy, add requester's name, 15
campus address & telephone numbexr
9. Return item for reshelving 5
6. Reshelve item 2
“T« Transmit 12
8. TFile record of transaction 5

Subtotal 63 Minutes

«13-




RECEIVING FUNCTIONS:
9. Receive jitem from Printer, prepare 3
for delivery
10. Deliver item to requester 20
1l. Meke and file record of transaction 3

R —————

Subtotal 26 Minutes
TOTAL 89 Minutes

Total staff time would thus average about l%- hours per lO-page transaction,
costing, et $2.50 per hour, $3.75 per transaction. These time estimates
are necessarily arbitrary, pending actual experience with fhe system, buf
are considered to be reasonable approximations. Actual staff costs per
traﬁsaction. would obviously vary with the {rolume of work, since for any
staffing arrangement there is a certain level' of worklé)ad i-esizlting in 6:9-
timum use of staff time. On days when volume of work is lower ihan opti~
mum, labor éost per transaction is highef; on days when volume of work is
higher than optimum, costs per transactic.m wili be 'reduced, but eiapsed
time per transaction will somewhat be greater due to delayé or necessary
batching of some processes. N

Co Cost Summery.

For a 10-page transaction over a distance of 75 miles where volume
of use averages 10,000 pages per month, the cost pro-rated fbr each com-

ponent may be summarized ag follows:

IDX Scanner $0.70
IDX Printer 875
Terminals .
TELPAK "A" 657
Supplies 10
Xerox Copies . 50
Total. Equipment $3.54
Staff Time 375
Totel cost for 10-page $7.26

transaction.




This vost can be-considered-minimum since it represents sligﬁtly more
than single saift capacity of the equipment. It should be nobed again
then thal this cost would very greatly from one situation to another, de-
pending not only oa volume of use, but also on cost of the transmission
link, and whether or not the full cost of the transmission link must be

borne by the LDX service.
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SECTION IV - SERVICE-TIME CAPABILITIES OF THE LDX SYSTEM

Speed is the essential capability which makes this equipment poten-
tially valuable for library use, in spite of its apparent costliness. The
volume of traffic in interlibrary transfer of information is constantly
increasing, and procedures now in general use tend to be slow and cumber-
some. The average elapsed time for an interlibrary loan transaction be-
tween University of California campuses is now 6-7 working days. This
time could be reduced to less than 3 hours for most periodical articles,

technical reports, and government publications (the types of material

vhich are now usually copied by Xerox and mailed). Such rapid interlibrary
service is unprecedented, and would make possible entirely new concepts
of cooperative sharing and distribution of library resources.

As indicated in Section III, elapsed time for filling a request via
LDX would vary according to the procedures and staffing arrangements pro-
vided. However, using the working time estimates outlined, and allowing
for an average l0-minute delay time for each step in the procedure affect-
ing elepsed time, the average elapsed time for a 10-page transaction would
be 157 minutes, or sliéhtly over 2} hours. |

It will be noted that implicit iﬁ the procedures outlined, some major
deviations from present interlibrary loan practice are introduced in order
to gein maximum benefit from the rapid transmission capability of the LDX
cystem:

1. The wequester is not required to submit his request to his cam-
pus interlibrary loan office where time-consuming procedures are normelly

required, such as formal verification or citation of reference source,

«16-




but mey telephone his request directly to the IDX office at the source li-
brary. If the information he supplies is not sufficiently complete or ac-
curate to enable the source library to identify the item desired, or if
the item is not available, the requester would be nétified directly Sy
telephone.

2. After the transmission is completed, the material will be delive
ered to the requester, thereby'eliminating delay time caused where material
1s held for pick-up by requester and substituting messenger®s time for re-
quester's time.

3. The A.L.A. forms for interlibrary loans and requests for photo-
éopy'would not be used. The code they represeat places time;cdnsumiﬁg
burdens on the borrowing library, the philosophy being that the lending
library is performing a service for someone outside its normal clientele,
and that it should be burdened with as little work as possible, and thus,
requests should be carerully verified before submission. With an.ﬁDx ser-
vice, with its obvious prorequisite of closely cbqperating libraries, a
simblé work-sheet should be sufficient as an instruction for aﬁd a reeord
of e;ch transactioﬁ, most of the work being peiformed By the source li
brafyf Work measurement studies could then provide the basis for budget-

ary transfers to cower‘the work of the source library.

-17-
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SECTION V - LIBRARY SYSTEMS ORGANIZED FOR LDX SERVICE

A. Time and Cost Relations.

The IDX system may be effectively utilized to reduce the delay time
encountered by library patrons in gaining access to any of the world's
literature. In order to provide a context for a hypothetical LDX library
network, to provide such service, first consider the normal relations that
exist between service time, distence from patron to library and access
coste.

To provide access to material, either the patron must go to the li-
brary or the material (or a.copy) must be delivered to him. The patron.
may wélk,' drive or fly to the library, depending upon his distance from
it the material may be delivered by messenger, express or mail. Each of
thése method‘s has a different relationship of service fi‘me to c':ost.

For example, in transporting the patron by auto to the libi'ary the
time required is essentially a linear function of the distaace travele&e

T=F+ ad
vhere, F represents the fixed service time in the libxjary and the fixec?.
time in getting to the library, e.g., parking his auto. D represents the
one-way distance traveled and a, the time reguired for each unit of dis-
tance (remembering that a round trip is required). |

Cost may be similarly represented:

C=vD+nl
where v is the transport cost per unit of distance and m is the man cost
per unit of time. As was just shown, time is also a function of distance
and therefore, this may be rewritten: .

C = mFf + maD + vD.
clB-
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To obtain time and cost as a function of distance far & "normal” sit-
uation, substitute the following: |
a = 0.04 hours per mile
m=2,5 dallars.per mile
v = 0.10 dollars per mile
F = 1.0 hours
giving,
T = 1.9+ Q.0UD
C = 2.5+ 0.20D
Since LDX transmission is electronic, service time is independent of
distance. A prime component of service cost is the fixed investment re~-
quired in providing the transmission capabilityu-the DX gqnipment, inter-
face equipment, and the communication line or microwave link. Tﬁe commune
ication line cost is dependent both upon distance and terrain. However,
for simplicity, only distance is here considered. As an oider of magnie
tude estimate, ten dollars per mile per month wili.be uéed with the warn-
ing that some applications may cost twice as much;. This givcsthe followu

ing relation:

Crox = Frox * Vi

where FLDX represents the fixed staff and equipment costs pre-rated to
the transaction, and v is the line charge per unit distance.

LDX
As indicated earlier, the cogt of an individual transaction is depen-

dent upon the totel volume of use. For present purposes, assume that
5,000 pages per month (60% of single shift capacity) will be sent. This
gives the following:
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F... = 8 dollars

VR LDX
; - Viox 0.02 dollars per mile
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Similar functions can be developed for the other access methods.

—~—
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Figure 2 depicis the reiation of service time, distance, and cost for
& 10-page item for each method. This figure shows that the ILDX system
may reasonably be considered to provide rapid access to present library

resources as demands for library services increase over large geograph-
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” '( B, Library Networks.

- ‘Cdr_asider a central library organized to provide material to co-
operating 1ibr‘a.rieg through an LDX network. The objective of | such a
“nétwc;rlg. is to eliminate the need to duplicate the ;:ollection and yet
o ‘prc‘)‘vide rapid a.ccéss. The required cost of "thé LDX system 'is dependent
R | upon ;che eicpected use of the collection. The general expression for
A;t".h'_é ‘nétwork cost 1s the following:

= + +
'TLDX (p/k +s+eC_)V

LD

- _"t’w‘h‘ere the perameters are:
p = the initial purchase and processing cost per item
k = the emortization period for the initial costs
] = the storage cost per item per unit time
e = the expected use per item per unit time
v = the number of items in the collection

CLDX = the LDX service cost per item used, as previously
defined

The comparable expression for the cost of the libraries with dupli-

cated collections instead of the LDX system 1s:‘
«20e
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FIGURE 2

RELATION OF SERVICE TIME

M;gs TO DISTANCE FROM LIBRARY BY ACCESS METHOD
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Tnormay =-(2/k + 8) VN

~Wwhere N is the total number of libraries in the network.

Finally, the following equation provides the costs of current levels
of service where such materials are not dupiicated by the libraries, ;6ut
are supplied through interlibrary loan:

Tm= (p/k +s + eb} V
where b is the interlibrary loéan service cost per item borrowed.

To qevelop the costs of operating the library system utilizing any
of these aprroaches, the period of ﬁseful life of the ‘library materials;

- must be established in order to properly amortize the costs of purchas-
ing and maintaining the coliection. A ntmﬁer of 1library use studies have
shown that the major poriior of large research library co]:lections have
\}ery' low éxpected use, that is, one use in ten or more years. With re-
spect to such materials, amortization ow}er a fifty year-period is reason-
able sinee, with rare exceptions, materials older than this will have
usage on the order of once in thirty to fifty years. |

in order to make the most of the available LDX capacity, transmission

will be restricted to serials articles. TFor present purposes these wi]l

be considered to have an average of ten pages.

For comparison purposes these assumptions lead to the following values:

= 20 dollars per volume
= 50 years '

PRt

i

= 0,10 uses per volume per year
= 100,000 volumes

DX 12 dollars per use (60% cepacity, 200 mile average
link distance)

b =5 dollars per item used

P
k
8 = 0,10 dollars per year
e
v
v
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The following then are the annual costs for eech of the approaches
for each 100,000 volumes so handled:

{

Tox = (0:lO+ 0,10 + 0.10 x 12) 100,000
T ormal™ (0.40 + 0.10) 100,000 x 10
= $500;000
Trrp = (6,40 + 0.10 + 0,10 x 5) 100,000
= $ll°,0000

A major research library serials collection will cont_ain more than
30,000 titles, with a total of at least one-half million volumes. As-
suming that 400,000 volumes. heve the type of use just discussed,' the IDX
system would provide nearly equivalent service to that of purchasing all
of these backfiles at an annual saving of more than one million dollars.
At the same time the service would cost almost three hundred thoussnd dol-
lars ‘a year more than currant interlibrary loan services.

There are two major elements of differing quality in the service pro-
vided by the three systems. The first, service time;, has been the key
item of eoncern in investigating the éperation of facsimile transmission.
The second is concerﬁed with the ability to browse in the collection.
While J.ittle_ objective information is available concerrnipg current bfows-
ing habits, there is little question that browsing is facilitated by the
availability »f a large collection. Whether this enhanced browsing is

| worth the cost of duplicating the collections can not be answered within

the context of the current study.
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SECTION VI = CONCLUSIONS

1., The LDX system appears to be capable of providing repid, high-~
quality transmission of printed ﬁages from one library to another, with

transaction avereging 2% hours instead of the week

elansed time for each transacti
or more now typically required.

2. The cost of en ILDX system precludes its use in libraries at cur-
rent interlibrary photo duplication sérvi.ce levels.

3;. There is great potential for expending accéss to existing large

serials collections by establishing an LDX network serving several li-

braries, each with smaller collections of the more frequently used titles.
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APPENDIX I

; 1DX EQUIPMENT SPECIFICATIONS

g

' 1. Scanner.

é A. Tnput Pages

; 1. Up to 9% inches wide by any length.

] 2, 3% inches by 5 inches minimum size.

% 3. Accepts limited varistions in image, color, and background.

: B. Operator.:Signals

] 1. "Ready" light indicates system is ready to transmit; also

E flashes intermittently during transmission of negative originals.

? 2. "Standby" light illuminates during warm-up period; .o indicate
transmission failurej or when printer is not ready to receive.

C. Feed System

Manual conveyor feed. Accepts creased, tora and dog~eared
sheets. ,
Cathode ray tube line-scan with photomultiplier pickup, 8

E D. Sceanning
E inches wide.

E. Power
115 volts, single phase AC (conventional grounded circuit).

F. Environment
1. Temperature: 50° to 100°F.
2. Relative Humidity: 15% to 85%.
; 3. ZElevation: O to 5500 feet above sea lefel.

G. Size
1. Y46 inches high.
2. 24 inches wide.
3. 46 inches deep.
4. Floor Area: T.6 square feet.
5. Weights U425 pounds.
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II. Printer.

Output Pages
1. 8% inches wide by any length..

2. Prints on ordinery paper from 2,000 feet roll; also can print
on paper offset master stock in roll form.

3. Automatic cutter trims documents to length.

Operator Signals
1. Reloed light indicates low paper supply.

2. "Standby" light indicates warmeup period in progress; also
indicates transmission failure.

3. "Ready" light indicates the printer is properly comnected to
the scanner and is ready to receive and print.

Printing

Cathode ray tube, optics, xerogrephic drum end electronic cire
cuits, .

Power
115 volts, single phase AC (conveptional grounded circuit)..

Environment

1. Temperature: 60° to 90°F.

2. Relative Humidity: 15% to 85%.

3. Elevation: O to 5,500 feet above sea level-

Size

1. 58.9 inches high.

2. 25,6 inches wide.

3. 33 inches deep.

4, Floor area: 5.9 square feet.
5. Weight: 650 pounds.
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APPENDIX II

SQUIPMENT AND TRANSMISSION LYNK COSTS FOR A%
IDX NETWORK INTERCONNECTING THE NINF CAMPUSES
OF THE URIVERSITY OF CALIFORNIA

Monthly Monthly Charge

e ek VY L2 e g ) TP s 1D AMandiam
1. LDX Eq_uipment 4.418 bitli B UiV LIIRAL B C H A VIVIA VIS
5 seanners $1, 500 $2,960 $ 35,520
9 printers 4,050 5,850 70,200
TOTALS $5, 550 $8,810 $105,720
2, Connecting Equipmert (Bell Tel.)
Switching Gear - UCLA 6-way $ 3¢0 $ 340 $ 4,580
UCLA 3-way 100 230 2,760
Berkeley 6-way 300 3 4,080
$ 700 $ 90  $10,920
A4 Terminals - UCLA - 4 southern campuses
(4 ea.) $ 600 $ 200 $ 2,400
UCLA « Berkeley 150 280 3:360
Berkeley - UCLA 150 2680 3,360
Berkeley -~ Davis, San Francisco,
Santa Cruz (3 ea.) k50 €oc 7,200
Davis, San Francisco, Santa Crusz,
Santa Bsrbara, San Diego, Irvine, 1,750 2,380
Riverside
TOTALS $3,800 $4,65¢0
3. TELPAK "A" Mileage (Bell Tel.)
Berkeley - San Francisco $ L
Berkeley - Santa Cruz
Berkeley -« Davis
Berkeley -~ UCLA 1,109
UCLA - Irvine
UCLA - Riverside
UCLA - San Diego
UCLA ~ Santa Barbara
TOTALS Sh,172
TOTALS (rounded): INSTALLATION $ 10,C:0
TOTAL ANNUAL CHARGE $220, 000
6/13/66scw
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