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CllAPT.m 1 

A SYSTU·$ APPIWACiI TO LIBRARY ~tANACr.;·!r.NT 

1.1 Introduction 

Thr.ee factors cOInhine to produce Inaja!: decision problc:::ns fo r 

society : 

(1) A variety of needs exist in socie ty. 

(2) Ends may, in general, be met by a vari.e ty of means . 

(3) Resources availab l e for the satisfacLion of needs arc 

1. 

scarce, so that practicaLly no nc:::cds can be fully satisf i ed . 

The problems that a r ise arc those of chooRing the " best" ways of 

sati.:;[yil1g the needs vf society . These problems are made cOilsiderat.ly 

more difficult by the phenomena of growth and of ch&r:ging perceptions 

of need priorities. For example , technology has I·Jorked to achieve a 

growing l eve l of mass~production of motor vehicles through the 

deve l opme n t of efficient manufactu ring systems . The rapi.d acceptance 

of the.'! motor vehicle has led to, among others, the need for : 

Exten3ive t'oad ~ystems , 

Hi.&hly complex traff ic control systems. 

A huge vehicle f'laintcnance system . 

At the same! time the need for more primitive means of t r ansport has 

been considerab1.y reduced, and certain natural resources arc rapidly 

diminjt;hing . 

The ' systems ' refer.r ed to each consist of a set of interacting 

components which are org<lnized t o achieve some pur pose . The 

complexiLy o[ the into::r(lct ion between ll. system llnd its envil'onfolent 
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(i.e., \·,i th other s)'[;tC:H::;) is lIIin:orcd ill the complex I>leb uf interN 

actions among the system's l:O[l1poncnts, or subsystems. Any approach 

\ihie11 s(:!cks to optimize the over-a.!...!.. pcrf.ormallC'.c of a system should 

take account of this complex of interactions. It has become '..lsual in 

rClc8t'L yGars to J:efer tn such an approach to design and management as 

the !lsysteffi~ approach". 

Libraries have not been ir:lil~une ;':0 the groHing difficul ty of 

management problems in a Horld [Jf increasing deme.nd and decreasing 

reso,u:-ces. Th~ availability of options such as mechanization, 

centraU.zation and computerization; the expansicn in collections, 

activities, and services; the incrc.:ased participation in J ibr.m:y net-

\.;orks; the' rapid increeses in prices of lahour, monographs and serie-ls; 

and the recent fai lure of: libr.ary budgets to gt·ml in step Hith 

rcquiJ: (>m(;lIts (~lhite, 1976), ho.vf:' all co:nbj.ned to present today ' s 

library manar,emp.nt \dth difficult Bod prc,ssing decision problems for 

the effi.cient and effective utilizc.tj.on of resources . 

An inpvitBble result has been an increased interest, among 

librarians, in the application of the conceptual and quantitative 

principles of management science (Hackenzie, 1976) . Slrong evidenc2 

of Lhis grO\"i:1£ interest in Australia 1·.'8S the 1976 Lasie - sponsored 

confere nce in Sydney (l.asie, Vol. . 7), which was addressed by C. West 

Churchman, a foundation figure in the philosophy and application of 

the systems approllch. 

Cel~trfll to the systems approach is th~: requir.'cment that systclI: 

objectives hE' fot:mulalcd in a ml.llmCl" \.,rhich can yield quantitativc 
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criteria [n!:" evalual Lng .:llterneUvc p.Jlid.e5 (Hamburg ct a1., 1974). 

This is rarely an e.:tsy tllsk for any organization e.nd i s almost ah"ays 

aggravetcd by the cx.i.ster.cc or conflicti.ng objectives .. a good E:xample 

of ~)hich ari.c;cg in the question or ccntraiiZ8t.inn versus 

dcccntt'alisa.Uofi of e university library: ease of delivery of service 

may be ctpjmizecl at the eXp02.nse of the provision of e. more compre ­

hcndvc collection and cx.tend~d opening hours . In fact, special 

difficulties arise for. the university library (Bryan, 1976) because 

its objecLivcs must be determi.ned in relation to its ~nvironment, the 

major componcllt of which is the parent university. 

That i.s, the univen.ity lib"'8ry must be seen for what it is : a 

component of a considcre.b1y 1A.'t"ger system whose objec.tives often 

appear to bc only vaguely definad and, f1.lrth~rmore, subject to rather 

rapid change (Bryan, 1976): ref 1ec ted, for example, in the launching 

of new activities (e . g . , wider subject coverage) and the recruitment 

of staff ,·:ith new resefl:-ch interests . Such changes place immedicte 

and considerable strain on the library subsystem, which must ahl8ys 

strive to prov:lc!e the best r.:.:ltch between its output (governed by its 

own objectives) and the overal.1 objectives of the unive t·s ity . 

Clearly Hhtlot is needed is a systems approach to the cl1tire 

prcb1cr.l of university administration, in which due account is taken 

of the libl:ary's resources at any time and the real costs incurred in 

vllrying the profile of tho~e reSOurces . In the meantime, university 

l ibrary managers musl formulate objectives on the basis o[ relatively 

slable components of university po l icy, and on information received 

through the formal, and many informal, nett-lorks whi.ch exist within 

the univcrsiLy . (One such stt'.b1c component: of policy is presumably 

the princip~ e that university rcr.our.ces arc divi.ded equitably among 
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the members of the univc('"s!.ty corr.munity. In [act. the equilab l e 

clistributicn of resources is II problem o( particular interest to the 

universiLy lib=at"ian, ",ho may be rcquirE:d to reveal hO"'1 purchasine 

funds are allocated to the rliffcrcnt subject areas (e .g., departlllents) 

of the universit.y . :-.!cvert.helcss, tl">15 is II topi.c ",hich receives 

lit tle attention in the li.terature: of library ulanagcment (some exampl~s 

nre McGrath, 1975; Cold , 1975; Kohu.t and t~alkcr. 1975 ; Clasquin, 

1974) . ) 

In a major study reported in lIamburg et al . (974) and Hamburg 

et al. (1976) a basis for an opel:ational stat~rner.t or the library's 

objectives \-las arr1'.,red at by consi.dering the steps through which 

information transfer cont:- ibutes to\~al·ds society t s ob jecti.ves . 

I 
r.~:posure of I 3- individuals to 

Li brary ->ldocum~nts {If 
!cecoraed human 

1. lel<pcriC_"_C_e __ 
J 

--. 
2. 

Educat.ional effect 
of knm~ledge, t Effect o~l 
abiliLy, creativity,~) sOcie=7.~~_1 
moLivation ar.d objec~ 

conficence 3 . 

O[ the t lll.·ee stages 1n-,;olved, only stage 1 appears to be mcasureble, 

and so Har:tburg et al. an-iv(·d at the lowe r -level concept of maximizing 

the e~:posurc of individuals to documents o[ recorded human experience . 

Hm~ev(~r, thi s statement i!: <lot cxplicit enough for direct 

application. so they considered three dj.ffercnt explicit formu l ations: 

(1) Exposuce count : Each circulation, in -l ibrary use, and inter-

library loan, is count.ed as one unit of e x posure . Heasurement is 

r elatively easily accomp11shed fol." recorded exposures, but for 

unrecorded j n-l ibrRry lise: sampling methods must be used to 

es~inlfllc the n.umbeT of exposures per attendance . The use of 

CXPOr,III:C - COl\nt~ as the overall objecti.ve to be 111cxhlized aSSlU<iCf.; 
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thal ci[[crCI,t eXI''J~ures yi e ld the Sal'IC! benefit. This is 

clearly not the case . 

(2) Item - use - days: A circulation involving exposure during X 

different days is counted as X item - use - dcqs, rllther than as 

one exposure . Each in - library use is counted as 1 item - use -

day . An estimate of the average nUl"ilber of use-<bys per 

circulation may be obtained by . questioni ng the user upon returil. 

A typical difficulty with this objective is that browsing 

exposures to ten different documents in an hour resul ts in ten 

item - use - days whereas an hour of concentrated exposure to 

one document results in only one item - usc - day. 

(3) ~pnsure time; For recocded exposures, there is a need to 

estimate, by questioning users, the average amount of time for 

each exposure type . For in - library (unr.ecorded) !L<POSUr.cs, 

estime.tes are requi::-ed of the average time spent in direct 

exposure to library materials, per visit. 

Hnmburg et al . appear to U.vollr the thit'd formulntion, and give 

examples of computations of overall performance measure::; for the Free 

Library of Philadelphia . 

Once the overall performance measure is chosen, conflicting 

objectives within the system are resolved by expressing them in terms 

of t he overall objective . 

The librar.y is .:1 typical complex system, in that it cO;1sists of 

Ii numbel~ of subsystems, each subject to feed-back control, and each 

with its 0\-10 problems of defi.nition of objective and measures of 

performs,nce. 
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For eXll.1l1pJc, the classi.fication and cataloblli.ng !.:ubsystem 

receives ac{:cs:..io~led matc1:ial from the acquisitio'n subsystem, and is 

allocated 8. m.3il- hour budg<:!t for the task of classifying and lc.bt:!iling 

materials, and g~:ncrating i.l1dex material . ConflicUng objectives 

ey,ist: process material a~ quickly us possible ; classify mater i nl as 

accurately and com;istently as possible. Accuracy of classification 

cuntri butes to increased document exposure time by reducing the 

scarcr. - tir,li2 in the document delivel.·Y process ; rap;.d processing, on 

t he other hand, increases C}:posurc tiloe by reducing lo sses due to 

delays in th<2 system. The d(!cisioll model which allocates resources 

bet,,'een the tlla ::.ubsystem objective£. r.equi res estimates of the 

Feedb[,ck OCCl1rs in Lhis subsystem, e.s information on items 

p .... eviously cle_2siL.ed is retrieved hom the index at: a guide to help 

settle classific,:>.tion problems (mainly in the interests of 

consistency). Th~re are numerous examples of such loops wiLhin other 

s ubsystems . Em'I£'ver the library system, as a \;,h0le, is dominated by 

the t\,'O major. fCf.!dback loops illustrated i.n :Tigure 1.1. 

This eli.sgram U .lustt·btes the two major components cf library 

activity: 

(1) The labour-intensive $crv i ce component . 

( 2 ) The. capital - intensive docl\ment provision component . 

A majOl- decision pl'oblem is to find the best way to divide the total 

r esources bet\;,cen these tl·1O components, so as to maximize the overall 

performance l~lensure . 
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Tit(! O1.[1.g::-(.1.11I also serves LO indicate ~Jhy the propOt'U2..!l of UG(!r 

demand satisfied is not, ill gencrRl, £In appt'opriate measure of 

overall performance, althougb it has in fact been used by mllny 

lLuthors (e . g., Horse, 1968; Buckland et nl., 1970; ICl'a(t: and Hill, 

1973 ). The level of user demand is j tself i11dirc!ct ly determined by 

library activiLy; henc~ the proportion of that demand \~hich is 

satisfied does not in itself provide a suitable basis for the optimal 

planning of that activity. To quore Rout h (1976) - " If Il library is 

providil1 g a minimal sen; ice, it may well have a minimal demand, and 

evaluation based on that demand would allow it to run on in the sa~e 

stagnant old 118Y." . Thus II library which receives only one (eas1).y 

satisfied) !:cquest P(;!~ yeer' , bccc-:..!£c itG ::;tocl~ .:::.:-:d service '.re 50 

poor, is 100% effective on this basis, although its operations are 

eVidently far from optimal . 

In fact, the act ual user dcmand that is realized is only part o f 

a lai"ger volume of potentilll USCl: demand thllt c~r. be defined, at 

least in prinCiple, by the tlSel's ' intert!sts and the r el('vant body of 

published material . The volume of potential demanu is ntlt easily 

measured from usc··studies, although many such stud i es have been made 

from which demand patterns h.ave been inferred (Line and Sandison, 

1974; Ford, 1973 ; !-1cCrath, 1975 ; Jenks, 1976; Urquhan and 

Scbofield, 197 2) . Such stud i es are subject to bias d etermined by 

t he information sources o!: channels available - readers \·d11 often 

not ask for material ~'hi ch t hey t hink the 1ibracy does not hold 

(Line and Sandison, 1974) and I<lhich are not thought to be relevant 

enough to justify O\n inter - librnry - 10811 request . 

Another per(ormance men.sun:- which has rcceived considerable 

attention is Lhc nvcl'age document (or i n[ormat i un) dctivery-time 
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(llambure el £11., 1974, p . 19; l:all.o (1(l, 1976) . This is clcar.ly a 

function o{ both cO!l!pon~nt:; of th0. system diagram, and provides some 

basis for the re s olutiun o[ conflicL) hut is in fact t'lO nar!'ow a 

mca:;ure to be approj'n:iate, sin;:e it Inust be supported by additional. 

information l'csarding thos~ requ.ests \1hich prO'Je impossiLie LO 

satisfy (such requests wO'..lld lead to infinite delivery times) . 

The e.uovc discussion S~C:lms La f;upport the use of exposure> (or 

usage) counts, or exposure time measurement, to provide an evaluat i on 

o[ overall system pedorr'Lanc~ . The y depend on both components of the 

system dier.,;mn, and ["cpreBunt, in fact, the proportion of E2.!entinl 

user demand that is realized end then satisfif;'d by librp..ry activity. 

The £01"l\\u1ation of a uf>cfl~l pc:rformo.!1ce Ueo.bure and objectiv~ 

function, crucial as it is, merely providcs a .starting point fOl' an 

itC!l:ative program of sysl:em mode l ling, evaluation and design. The 

aim is to transform the simple systcnl diagram given above into a 

useful comprehensive mori""t of the library system . 

111ere nrC! tHO stage.!'> jn this procedure. The first involves the 

traditional methods of indllstrial cngineerillg, at a fait-Iy low level 

of sophistication . Sub!'>ystem operatjons arc evaluated by costing. 

\~od< measurement and ~}.:ll·k sLudy nu-~Lhods (l-1ackem:ie, 1976 ; Burkhal ter, 

1968; Turner ct A1., 1975; Clements, 1975). These studies seek 

' t£l.ctico.l ' (rnther than ' sLr:ltegic 1 ) opt i mizat i on, and provide inpuL 

dnto which o.re necessary [or the "'-pptication of more sophisticated 

t (~<.:hniC!u cs . 

The second sLage uses more advanced O.!~. techniques such as 
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linear. and inLeger programming (Buckland ct al . , 1970; Kn.'.ft and 

Hill, 1973; Sinhil and Clelland, 1976; Glover and Klingman, 1972); 

statistical and probabiliBtic <1nslysc·.s (i'1ors~, 196[:; Brookes, 1968 ; 

Line and Sandison, 1974); mod.e l ~bui.ld ing and compu tel" simu l.ation 

(Buckland et al . , 1970; Shaw, 197f.; Reed, 1976; Thomas and 

Robertson, 1975) . An extensive review of models and techniques Hhich 

have been used in such stud i es is gi'.'en in Humburg et a1. (974). 

C(lmputer s i mulation models of industrial orgllnj.zations are 

becomi ng increasingly comprehensive and effectivc; as strategic 

pJ.anning tools ( Naylor ,md Schauland, 1976 ; Faus, IIJ7'f) . 

Si.milar atteIl,pts aJ:"E: no\" being bladE: to simulate Librsxy ::.ysteulS , 

For example, Thomas and Robertson (1975) described a GPSS program 

~lhich performs 0. di~cr.::tc simulation of the flow of items through 

various waiting - U.ne procE:sses . Specified pal't,metcr$ include the 

number of £taff, the volumes of various inputs to thE! different 

procedures (e , g., users! r~quests, new books, issues, overdues, e tc , ), 

the individual operat i ons, and the processing timE:s involved, The 

program reports system performance in tenns of delays, queue contents 

and the averagE. utilizo.ti00 of each membe!.' of staff end of each 

storage facility , Thus their model is cOi1cE!rned only ~Jith the 

mechanics of library operations and is therefore essentially a tool 

for tactical decision making . There is no attempt reported, at this 

stnge, to compu te dn overall sys tern performance measure, 1'e I.ati ve to 

any stated objective . 

1.4 Scope of Succeeding Cha[Jt~rs 

In Chapt.:!r 2 of the present report, £:. schematic model. of an 
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ncademic l ibr.ary system jf> jJrp!;enlC<l, Hith Llw a i m of illustr&. t ing 

the key decisions and constrc.int&, and same of the i!~l:eracti,ons among 

subsystems. Also 5hO\';11 arc the iil.ely paths of functio:1al dcr~endence 

among system pal"amcters and variables. 

A major problem in the design of the document-provision 

component of. the libr:u:y system is that. of dOCU!\lent selection. The 

dDCUIne nt selection problem has received considerable attention in the 

literature (see Hamburg ""t ai., 1974, eh. 4, for a reviet·,), and some 

quant.itative models have been propo sed, f or the optimal selection of 

periodicals (e.g., Glover and Klingman, 1972) . This probl C'm has 

become especifllly cr i tical in recent years, as "price increases in 

the serials and journals area have been an alarming and unkn01·m 

quantity, consistently taki.ng a gree.ter ':han buclgetec! portion of funds 

dedica t.ed to all reading !1I6teJ: i al in a library" (Clasquin, 1971f; 

I;.lhite, 1976; K"uft e.nd lIill, 1973; \,'ootton, 1976; Holland, 1976) . 

White has found that a cC!!lbir:ation of higher prices, the natura l 

reluctance of lib"rarians to cancel eslablished subscriptions, and the 

tremendous grO\~th of the volume of periodical literat ure ha:,:; resulted 

in incl:ea:;ed sp~nding on serials, and a "drastic reduction in the 

l evel of acquisition for books" . However, this expedient of shifting 

spending from books to E;e>:"ials so that decisions regarding the 

cancellation of subscriptions are avoided, must be temporary . The 

fu ll impact of budget limi tat ions must eventually hit the serials 

budget, and librarians \vill be forced to employ SOmC forms of rational 

per iod icBI -sc le~ t i on procedures . 

This wil l be e difficult process for tho~e acac\';:mic li.brarians 

who, to quote Hhite, telKi "to rate completeness and continuily of 
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collectJ.on c~bovc' actual infonMlt'lon usc". 

In Chapler 3, the subsyster,) model for ser i als acq1..<isition is 

considel:C~d in morc dG!tail. A simple model of the usage of ser.ials 

literature is prE'ser.led, [ollo\K,d bye. brief reViN! of current and 

proposed methods for j(lurnal selection . A neVI mathematical model for 

journal selection is fOl'l'!;ulc.ted in Chapter 1+, including explicit 

constraints for thi'! equitable distribution of purchasing among 

departments . Data requirem8ntR for t his Illodel are considered i.n smile 

detail . 

I n Chapter 5 i t los f i rst noted that the journal selection 

proble,ll i.s not l ikely Lo be :wlved eas ily hy convenLiullul techniques, 

because of its size . Instead, advlIntag(> is taken of special 

features of the problem to dC!sign a si.mple heuristi.c algorithm which 

efficiently fir;ds a good suboptimal solutio;") . The effect.i.veness of 

the algorithm is evaluated by coml'laring the ~olutions obtcined, with 

so l udons of the relaxed problem i:l w:lich the e:quity constraints are 

no t considered . For th i s latt.:!r problem, a recent l y published 

a l gorithm (Nauss, 1976) is coded and found to be quite efficient . 

A samp l e problem involving 8 departments and 1320 journals is 

generated, using the Bl-adford·,Zipf productivity distribution to 

reflect the Inain structuro.l featl:re to be expected in a real data 

set. 

Results are obtained for the per.formance of the algorithms on 

this sample problem . 
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CHAPT ER 2 

TilE UNlVl~ltS T1' Y LIBRARY SYSTDi 

The environment of an academic library cOL(lpriscs the rest of the 

university, the set of !>ublishcd nlat~J:ial \1hich i~ relevant to the 

objectives of the university, and a network of CO-opcl.·ating J.ibr8ries . 

The university's objectives (Ie[inca the I.ISer5 ' interests (or vice 

versa) nnd thc " ~ . together with !:he body of pl!blishcd materials, 

detcrn:i;)c a volume of potential dcme.nd. This potential demand is 

defined i.n terms of the ~"'l of {l l J c\n CtJ[l\f>ot <; which t he Ubr£!ry might 

legitimately be called upon to supply to users in pursuit of the 

un i versity ' s objectives . 

Figure 2.1 i.Uuf;t~ates the interac tion of the library with its 

environ~ent. Library activity, constrained by & b~dgc t, in[l~enccs 

the realiza tion of potential d emand, a nd determiflcs Lhe leVf:l of 

satisfaction of that demand, re sulting in a degree of document 

exposure \oolhich measures the overall performance of the system . ht 

the same time, the VOl.Uf,lC and chllrac t er of potential demanc! (to the 

extent that it can be Ctsc~rtei lled) and of rcc>.lized dem a.nd (to the 

extent that it cen be measured) influences - in fact. should deLermine, 

withi:"! the budget limitation - the planr:ing of library activity . 

The management pl"oblem is to a.llocate the l imited budget among 

the various U .brary activities so that docunlt:! nt exposure is maximized, 

subject to equity constraints. 
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The value uf Lhic con~(>rlual model lies ill its b["oad definition 

of paths l"lhich ciclci"minc Lhe ultimate cor.tl"ibution 1'0 document 

exposur(!. resulting fro,n each activily . llm'lever, subst!l.lltial and 

cha.llenging rn(>a~urt!11lcr,:: difficulties mUf;L be overcome before lhe 

mode l will ueco:ll{.: a useful tool for deci~ion making . 

Chief among these are: 

(1) t-l easurer.lcnt and cha(",'\.c~:eri.zat: ion of potential de,nand 

(dependent on a definition of u!>ers ' interests). 

(2) Me&::;urem~nt of the level of " u5er initiative", e.s it 

cantd butes ::'0 the proportion of potential demand that is 

actuAlly realized. 

0) Estim>ltion of th('! i mp:ntance of the marketfng c.nd promotion 

lin\.:s (via "expect'!c 8ctisfaction"). That is, the ext:(lnt 

ttl which us~rs' kllOl-lledge of ana past ex!X'rience with the 

library's resources influence the realization of demand . 

(if) Hcasuring the i mpacl of JX':r~:or,al service Dod attention in 

t el"ms of thl~ docufl1f:nl eXp'.)sur~~ -:."e.te . 

Also requited arc: dec i sion models which translaLe potentia l and 

realized demand into docl1f!ICnt snlection policies . 

HallllJuq~ e t al . (1.9,4, p . 60; 1976) subdivide library activity 

into seventee n 110n ~ overlapping function!>, such as : provision of 

U5e r furni s hings; selection of docllments and indexes; acquisition 

of documenls and indexes ; facilitation of access to docllfllents in 

other librf1\'ie5; personal assisla,1ce for document iOcntificulior: and 

locatiun. ThL!Y propo5c a Plamli r'g - Pl:ogrannni ng .. Budgeting - System 
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apllro:u:h Lu d~Lc.\:mjne the optimal all ocation of resourccl'l Lo these 

functions . The: functions musL he. n:utuclly exc l usive and exhaustive, 

a.nd it must. be po5sible to identify and isolate t he input and o u tput 

of each function . They present a program sLructure to:: an a c adell'ic 

library, which they cons id e r to meet thcr.e r.cC]uiremcnl.$ . Diminishing 

returns apply to the benefit - cost curves o f ce.ch of: the n fUnctions, 

and en optimal allocation is achieved I .... he n 

... ,here 

= = • . . . 

boE is the i ncrement in document exposure resul ting from an 
i 

i ncrement 6C
i 

i n resources input to the 1th function . 

HO\"cver there must be some doubt concerning tl~e genera l abili ty 

to define functions uhich are truly indepenoent, in t ht.! above sense . 

If. increase in input to the ith program causes fln increase in the 

overoll efficiency of the j th program, the above condition on marginal 

return does nC)t necessarily imply optimal i ty . For example, the 

acquisition of B. large r range of indexe s could increase the efficiency 

of parsonal efforts to assist in document identification and iocation, 

and the efficiency of efforts to facili Late access to documents in 

other libraries. 

An alternative approach would b~ to construct in ter l ock ing 

systcr,[ mode ls of different areas of library activit)'. In the 

foll ow i ng sections are presented schemat ic mode ls of monograph 

acqui .r,itions and processing; serial s e.cquisitjons, proces si ng and 

bindillf, ; Circu l ation, i !l - l ibrar.y use and housekeeping; int !?:!'-

liu([lry loam; . Thoa infor m:.:'!.!' i.)o, planning and Mministration sub -

system!'; n.r.c discussed in consjdcrabl~ detail in IIElmburg et al . (1974), 
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and arc therefore not included here. 

No claim is nl<:;.de for the compl eteness of tl~C::'sc models. They are 

meant to provide only a :::tarting point fo!' R morc detailed discussion. 

This subsystem is r~l'l"~sented in Fj gt;r c 2.2, in which an 

arrON from A to R indicates t.hat the vaJuc of l3 is at least partially 

(ktenllncd by Lhe value of A. ArrO''i$ passing through tile C:iagram 

' valves' such as the one l<JhelIcd ' Order Placement Rate' J rcpr.e sent 

flo!~s of materials or information. In addit:iOi1 to the physi.::al input 

of r:CI'; books, the subsystem r~ceivcs information inputs h'hich al'e of 

two types : 

(a) Inputs from out.side the library ~ystElm : 

Potential demand; 

Users I requests ; 

A\~arenes5; 

Ordering conditjon s ii:lposed by suppliers; 

Expected deliver)" delay (lead t ilac); 

Actual pri ces of items; 

Currency exchange ra tes ; 

Level of orjgil!ul classification required; 

(b) Direc t output of managerial decisions : 

Monograph select.ioll policy (incJuding serials back-sets); 

Classifi cation syst.em to be used ; 

r.1onograph purchasine budget; 

Staff budg.et allocat ion; 



-----
10rd~-;;i ace",~;;;;'\ ~ Monograph 

Selection Policy 
Honograph 

Ratc _ _ J 
_J:::: 

Purc hasing Budget I Lent! Time , - 1 Staff Level 
1-=- [ . Accessi on i ng 

C l sssification Queue ----SysLem 

__ ~Cccssioning-~ ~ 1 Library BUdg:==J 
I Rate / 

I I I , 
.} 

Potential Demi=] I Cata l oguing 

r- Users ,' RcquesL$ qll(>uc ., 
- -----

I Awareness I 
o;;-ginal ClaSS i fiCati'OJ 

_~ Catalogui ng '\ ~ 1....-._ Rtl~_/ 
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Y ordering Conditions ] -- ---'-
Mel" Monographs 

-
Actual Py:ices -> lndex 1-1aterial 

Currency )~xchange ---> Expend i lure 
Rate lnformat i o n --

Fig . 2 . 2 

Honogro.ph Acquisition _and Proccssi.n&. 
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Commi tted 
Funds 



Outputs of th~ subsystem are: 

Proce~scd bocks, sent to the monograph collection 

(or to Serlals). 

lode)'; material; 

Information regardjng expenditure (staff and 

purchasing). price trends. etc . 

Hajor inputs to this subsystem, depicted in Figure 2 . 3. are: 

(n) In[onroation inpt!Ls from outside the libl:ary system: 

Potential demand; 

Users' requests; 

Projected costs o f serials subscriptions; 

Actual SUbSCliptian prices; 

Currt:ncy exchange rates; 

Conditions of a greements with suppliers; 

(b) Information from other aret!!l of the librll.ry: 

Inter - library loan records; 

Huti l ation and loss information; 

(e) Direct output of management decisions: 

Serials subscription btldgetj 

Serials selection policy; 

Binding policy. 

Staff budget allocation; 

IHndery cstablishn:ent:. 

19 . 
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OutP'Jts of thr,: subsystC:llI are : 

Hound and unt-ound serials; 

Index info ril;C!.tion; 

InformaUon r e garding exrendi ture:: (Staif and 

Purchasing), price trends, etc . 

Figure 2.4 attempls to il.lustrate the three main factors 

involved in the direct satis£i;ction of demand : 

(1) The conlents of the collection (determined by document 

selection policies); 

21. 

(2) The level of serv i ce proviG(:d by circulation staff in main t ain ­

ing the flO1,' of book mate::ials in and out of the l ibrflry ; 

(3) The effectiveness of housekeeping staff in maintaining order on 

the shelves, and a lO~1 proportion of un shelved b:)oks . 

Inputs to this subsystem are : 

(11) Phys ical inputs: 

The collection and il1dc)~; 

ShelVing acc(unlllodatioll; 

Seating, etc . ; 

New beaks from catah">l;uillg and processing; 

Items returned from loan . 

(b) Inputs from outside the library system : 

Reali zed d(:mand for borrOl~ing materiCll and [or in -

librar.y use; 

Default l'.:ltc on loan returns; 

Authority ov ('!r b01Tol-lc rs (e.g., imposi.tion of fines ). 
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(c) Output of lIlanagt~ mcnl dccisll)ns: 

St~Ef budget allocation; 

Arrangement of stock and (urnitut"C'; 

Loan period nnd othel: borro\.'ing regulations; 

Assignmenl 0 ,( houseK"! c ping staff. 

23. 

EtlCh d(~1Il8I1d realized by the l.ibr.'lry impUcs a ::.earch foc 

matcJ;iais, the success of \-,hi('h depends on I>lhs.t the collection holds ; 

01\ the effecLiveness and efficiency of the index; on the availability 

of assistance from experienced staff; on the state of ordC!t" of the 

shelves; on lhe p;:-oportion of books t-:hich are ~{fcctively unavailable 

because they are either on loan, unshelved or lost . 

The reaii2ation of dcman1 is influenced by the users ' 

expecte.tion of satisfaction, hased on past experience (i , e . , on the 

ro.te of satisfaction of demand) and by the users' a\~areness of 

library stocks . 

Output of this subsystem are: 

Document e xposure j 

Circulation and usage in(onnaLion ; 

I nformat i on r egarding demand, the state of the co llection 

(e.g . , maintenance requirements), .:lnd expenditure 

( staff) . 

2 . 5 Inter ~ Library Loans 

O{ the total demand realized by the library system, a 

proporLion cannot be satisfied directly, and laay L'csu l t in demands 

for inter - lihrary boreoHing . The translation or direct demand 

into inter - l ibrary demand depends 011 r-hc expr:eted impor!'ancc of 
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Lhe item n;;quir.cd, ami on the usen;' expecti1ti.on of. satisfaction. 

Qu ~. tc often, an import03.nt foature of IIseti.sfaction" is ttc 

speed \'lith \~!d.ch the item can b{~ ottained . Hence the probability of 

success is influenced by Lhe rate Ill. ,hidl I . 1. . L . staff can !;ervice 

n~quests (i .e., translate requests into order.s placed elsewhere), and 

also by the rl'spol,se tin:~ c.f co-open .. Lil,g libLaries. Other factors 

influencing t.he success rate are tite ceSOUI'ces of the I . L . L . subsystem 

( ind~xl2s, location guides, etc.) and the nature of the liln:e.ry net' . .,rork . 

The subsystem is represented ~_n Figure 2.5. Inputs to the 

system include : 

( a) From outside the l.ib~·ary syster,, : 

f!cmand which cannot b ... ~ sat i sfied directly ; 

The U.br.ary netl.,rork and botTC\·ling conditions ; 

(b) Output of manage,:l.:!nt decisions : 

Staff bl'.dget allocation; 

Regulations for the use of i nter ~ library l oan 

malerial.s ; 

( c) Physical : 

Resources (d0tcrmined by doculll~nt se l ection polici.es) . 

Output of t.he subsystem jnclude : 

Document exposure ; 

Information reearding demand; 

Information rcge.r ding expenditure (staff ) 

commnnicatioll, postag(~) . 
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Ano! her (unction or. thi:: :;ub",y£LCIlL (rnH J .tlusLrllted here) is to 

respond Lo rcquc:::L£ (rof;1 other libr!l.l'ies, The nature and level o( 

this effort depends or. external [Il.ctors as well 8S en the library's 

holdings, and call va::::y \"Iidely beLween libraries, 

The refl?rencC! nnd gencrc.l tender - !';ervice su!>system contributes 

to the document c}::posure rate in severa.l .... 'ay!;; 

( t) By assisting users in the search precess, and instructing 

them in search techniques. 

(2) Indirectly , by locating and communicating inform&tion in 

responSE to us!!rs ' queries, 

0) gy providing, maintaining, and supervising the use of 

speci al equipment such as photo-::opying me<'hincs and 

microform res.ders and printers , 

Because of the highly perconal nature of much of this \-.'ork, 

finding I·mys to estimate the magni tude of these contributions in t erms 

of document exposure pn!scnts a particularly difficult measurement 

problem, Of course, the area of the librar y user interface has 

traditionally been a difficult one fo).' library managers trying to 

develop mPllsures of performance, It is not surprising thAt some 

auLhor~ (P . g. Boos, 1976) see a funJaUl(:ntal limitation to the 

appropriateness of the techniques of systems analysis i n the so 

cl\lled ' sort ' areas of !';ocial organtzations, 

1l00';CVCX, there is no necessity for the sysLems analysL to 

aL£l\1don Lrad.i tionai <lpproacllcs bo:;ed on the inLui Lion and ex.perience 
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of pl'ofcs sional IWrJWl:1> in t he area of con ce"L"n . And there is no 

[undall'ental reason h·hy esti"lale:s and rult!s-o[ .. t humb based on those 

approaches cannoL be included CVf'n in highly sophisticated computer 

s i mulatioll models . 
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T\</O decision problems l1r.e central to the oesign of th.:~ serials 

accgJisition and processi:og subsystem (Figure 2.3) :-

(1) The selection of the set of serials to be received, 

either by subscTiption, as gifts, or on exchange; 

(2) The determjnation of a binding and discarding policy. 

Subs i diD.ry decisions are concerned Nith optimization of the 

subsystem operations, using Ike-tever ~.lC!ens are appropriate (e.g . 

costing, work study, si::1ulation) . 

De:.cision making j n the mEljor ereas is constrained by the 

follol.lng blldgl>L allocations : ·· 

(a) Serials subscri pUan budget. ( ' Subscription I i:; taken to 

include the cost La the library of items despatched in 

accordance \-.'ith exchange agreements); 

(b) Sta ff budget allocation to serials acquisit i on and 

proc€:ssing (exc l uding ::,indery staff ); 

( c) The bl.lldery. equipment establ.ishl::ent ; 

(d) The staff budget allocated to the bindery; 

(e ) Storage , 

So fllr as decision lr.<lking I~ithl.n Lhc acqllis~tion subsysten~ is 

concerned, an o\'e .. ·all budget.: Illay be i:.uk(;n as being prescribed, as a 



n~sult of nn o\'vrnll strl'1l Cf~Y of d, :<:: ision maki!lg [or th~ library 

systcln. 

29 . 

Referring to fi['.t!!: e 2 . 1, the 'poten tiel demand' at time t for 

exposure tu seria l s li::cral.ulf: is defilled in t02r.ms o[ ::1-.e sel R(t) 

of articles ~, h:i.ch the liLl:ary ~~an legitilnate ly be call eel on to 

supply . An Br-tide belai1gs to th i" set if it achieves at least a 

m:i.t~imum level of relevance to university ,:>bjcctives. as defined (in 

no very precise laanner) by a subject in terest p:'ofile . 

At time t, the serials collection ('ontair.s net) articles 

whi.ch b:'!long to p..(t). Elich o f these articles repret=:ents a pur-entiat 

contribution to tlocuhlent expOSU1:e which may he:: rer:.ilzed at some time 

i n tile future . There is no possibility of defini.ng thect:' 

conlributions [or individu;jl nrticle~ . Furthermcre, there arf! no 

grounds for belie ving that the average contribution per article 

,",auld vary bet\<]cen subject areas. There [or.e \·le consi.der 81"l 8veJ:Dge 

valuf' e for the contribution per ar.-ticl;:;, a value "'Ihicn is assumed 

independent of time . Then the total potential document exposure 

time represented by the collection at ti.me t is given by thE: 

product en (t) , 

HOllever the full potential of the collectiol~ will not be 

realized, because some f!.rticlt~s become lost or mutilated, Hhil.e 

others are transferred out of R( t) before being accessed by nny 

user, for reasons of lobsolescence '. 

Firs t ly if one accepts the concept of o bsol.escence (Line and 

SRnriisol1 , 1974) due to p)-ogr.ess in the Eubject, then a contribution 
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to rhe obs()lescenc~ rate \-liJ.l ex i::;l: \~hic h \ole ce.n expect to val')' 

be tween sllb jec t areas . 

Secondly, the subject prof ile of lhc univer.si t y is [lot static, 

so thet some nrticles \dll become obsolescent to the library's USf.: rs 

merely bccau::;c of a change in their interests. This contrihuLion to 

the obsolescence rate may be a<:.(mmed to be the: same fr.".· all subjcrot 

areas. At the s.:\me t::!.me , slich changes in interests wj.ll cause some 

articles La move into RCt) , he nc e tending to inCrCl1se the potential 

of the co1.1ection. 

Therefore the docur:·.~nt e xposure that actually occurs d e pends on 

the rate at which demand is realized, the overall obsolescence rate, 

and the l ength o f t i me for ~]hich each lIxtic1e is held before being 

discarded. 

The demlJ.nd r'::![:ilization rete is dep~nden t on a numbm: of fec tors . 

For example: The l evel of activ i ty of users; 

The effectiveness of ' awareness' services, 

includine current 8uareness , j.ndexing and 

abstLacting tools; 

Expectations of sati.sfaction; 

The quant i ty of material pl aced in closed stacks . 

In general, both the obsolescence rate and the demand r.eall,?1).tion 

rate at'e dependent en sttbject ;n'ea$ . As a r.esult, the total realized 

document exposure time in a given subject area (i . e . for a given 

univl'!rs ity depal:tment ) "..'111 b~ l 'educed [ l:om i ts full potential by an 

' exposure realization I factor \'Ihich is chaL"lLctf'ristic of the 

department . 
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or (lUehOl;", from the n,sl\lL~ cPf usage- 5tudit!s (e.g., Sinha and 

CIC:!lland, 1976). I'lnny such results have he{~n criticif>c.d by '~ine and 

Sand i SOi' (1975. 19"14) [or a lack or I:l tl entien to the sampl ine 

diffl.("ultics involved . As discussed by Line Bnd Sandison. severe 

problems an! involved in identifying and sepa.rating the various 

factors lhat cOi1trihute to [, decline in recorded usage with age . 

Synchronous studies, i n \·Ih.; eh lhe usage of a set of items of varyi ng 

ages is studied over a shorl: period (e . g . ) one year) can be 

particu1.lldy misleading . Also, there is one obvious faclor \'lhich 

docs not seem If) have be~n mentioned at all : once the information 

COD!:e~t of a journal '!O!t!fI~,;! ha~ been extracted arid studied by tl>~ 

l imited r.umbcr. of user.s .l'cqui.ring it, that vo l ume is unlikely to 

receive significant use again . 

Dp.fining the manner in Hhl.ch t.he varj,ous factors combine to 

i nfluence the \'ate at \~hich demand is realized remains a. ccr.trc.l 

p r oblem in the Ir.anaeement of these factor)'; te, achieve higher overall 

performance. The construcLjon of P. valid model o[ these processes 

...,il1 require intensive resear.ch into user behaviour . Such research 

ca.n be vet'y er.peusive and it will be necessary at the outset to try 

to assess the possible impact of the results, in relation to the 

costs involved, Such an assessment is bzyo nd the scope of the 

present lyork . 

The jom'nnl selection rr.obJcm rc<!uirc~ thp. allocation of a 

limited budget over a candidate set of N joul'nals, with the aim of 

maximizing ,the total eXiA!ctl!d doculHent e"posut:c tim~, subj~ct: to 
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equi l,y con::;tcaints , 

The probl('hl is a lat'ge onc in Lerros of the numher of d2cision 

var i ables . T:1C candidate set idea).l)' contains all scholar l y and 

research journals in current production. Th:! size of this set 

d epends on how stringent are the criteri.n used to deLe n uine member .. 

shl.p. FOT: exa'llp1c) I-ihite (1976) identifiec 2{,59 U,S. journaJ.r.. in 

1973 (in e.1.1. subject 8.rc3.s) , " n group smaller than earlier eGtimates " , 

while 50 , 000 " \~orth\~hile " titles in science and tcchnol.ogy were 

estimated in 1975 by W:::.otton (1976) . However , a 1nrge proportion of 

t i tles \~ill not be r<::levant to a g i ven ur:i.vel"sity ' s in[e:res t s, and 

will therefore not enter the caml i datc se!".. Neve .o:thciess , a 

decision pl'oblem involving se'vel'al thousand vari.ables Clln be e;,;p-2:cted, 

Hodell> whi.ch have been proposed. for the soluti.o;'! of the problem 

are sununarized i n Hamburg et al . (197/~). Two steps are involved: 

( 2) Formulating <md solving the decisj.oll problem . 

Measures of ,vo r th Il.!"C almost always bas(!d on some idce. of thc 

productivity o f a title ill subject areas of t:e1evance to the 

university l s i.nte r ests : i, c . , the number of re l evant artic l es 

published each year i.n each journal . A different) bu t related 

measur e is total expected usage or demand (Kraft -"md Hill , 1973) . 

The difficult i es of measud.ng usage to provide input data have 

a l ready been d i scussed . 

Much of the t heoretical ,,;ork makes llse of 8:1 ea"!."ly finding of 

Bradfor d (19lf8) , elaboL'atcd si.nce then by various authors (e . g . 

Brookes ( 1968), Leimkuill.:!r (1967))) >"hich defines t he dj.stri.bution 
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of procu.::t.i.viLY .. mang jouri1l1ls in a given llubjcct area. II.na.lytical 

r epr:e:;;cnLflL.i.ons of the distl:ibuti0n hl\'lC! bc~n found, expccssing, [or 

eX8:npic.:, the cumulative sum of articles, RCn), in the !l most 

prodOJctive jourllals. Use is eJ.so cOJilmon!y mHde of an assumption of 

expor:c.ntial decay of journal. usage 01:" demand, wit11 ti.me. The truth 

of thLs assumption has been sedously qu~stioned by Line and Sandison . 

Typical results are those of Cole (1963) and of Buckland et al . 

(1970, 1968) . Cole represents unsatisfied demand as a function of 

the number of joucnals held, N .(i . e . , the [1:.:st N journals of the 

Bradford ra;lkcd distribution), al~d the number of years they ere 

retained ( X) . For a given space constrain t on the number of j ournal 

volumes Il. library can hold, Co l e determined the values of N and X 

that miniml.ze unsatisfied demal~d . Buckl.and et al . extend Colc1s 

\'I'm'k, and fir:d the st.rategy that obtains the gr~<1test number of 

useful references (demam'\ snti.,,;f:ac t ion) per p'.lrchase Bod stora&e 

dollar . HOI.·cver some very restrictive assumptions ere made . For 

example: t hcl:"e is only one subject field of iiltel:"est (The Bradford 

distribution applies only Lo \~ell-defir.ed subject areas (B17ookes, 

1969)); titles do not differ significantly Hith respect to purchase 

price; binding policies are the $8.i'lC [or all journals. 

Hare recenL \.rork based on the r<lnking of journals is that of 

Robertson and Bensman (1975); l'I'ho discuss productivity ranking, 

prf!ciSion ranking (according to the proportion of all items in a 

journal that arc relevant) and cost - <'!ffectivcJl(~ss rank ing (according 

to the number of re l evant art i cles re)~ unit east). 

None of Ch8 approaehcs di.scu3scd so far. is ..;apable oJ dc:dving 

an optimal poli.cy, for a pr(:$crib<?d budget . 
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A ILIon! sophisticated applo.:lch h as beel~ formulated by Kraft and 

J!ill (1973) llnd dcvelope(l more fully by Gl-'Jver and KlinglnAn (972). 

,Journal st"icctiL'n is formul.t'lted e.s o!l Diophantine! programming proble!fl 

j~ zp.ro - one v~riables , 

The main feature of this approach is that it attempts to 

optil!!iZ:2 decl.sions over a prescribed planning horizon of r 

subscription ., periods . The decision vnriahles arc 

Xjpq ' (j "" I, " ', N; q:': 0, 1, . '" r; p = 0, 1, , . " q), 

where X = 1 if the volume of journal j, published in period p, 
jpq 

i.s acquired j n pel:iod q; and X
jpq 

= 0 othcrwi!;e . 

The constraint 

L 1, 

q ~ p 

is required to E>llsure tbat a journal voiu!r\e is acquired only once, 

There· are in addttion several budget constraints, one for each of 

the r pel;"iods, in \~hi.ch subscription, processing, replacemen t, 

b inding and storage costs are all lumped together , There is no 

attempt to take account of equity requ i rements . All jour-nei volumes 

are assumed to be bound at some stage , 

The major difficulty of this approach lies in t he size of the 

problem in terms of l he number of decisioll variables, and the number 

of data clemcnLs needed . Fo r c>:llmpie, for the formulation of Kraft 

and Hill, a pr.ob l em ',.;ith N cnndidale journals and r subscr iption 

N ( r + j) ( , + 2) 
p<>t" iad s) \.,oo\J lei l'cquirc 

2 
decision variables and 

N (.!" + 1.)2 (, !:..l.2. ( plus spccific.:ltiond . 
2 

cata elements budget 

Thus , if N.:.: 2000 and r - 5, thcl'e \!Q uid be 42,000 decision 

variables and 252, 000 datil elem~nt:s , 
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It see,:l£ d.ear I hct this fOl'mlllaUon \-lill be or vallie only for 

narrow sld.cetiol) prchlr.:LIls jnvolving small OJumbcrs of c8.nciiGale 

journal s, For example, ~he problem of distributing :l budget 

j ncrease, {or the nddition of new serials titles to an established 

collecti,.,n . 

Finally it b!tould 1:.:. noted tl,at the f:;::eJoing \.;o=k has been 

app l icable ollly to the selection of ' pr i mary ' literature 

(Le., lll::ticlcs, etc .). A1L:hough considerable work (e . g . , Martyn , 

1967) has be(;!11 done on delineatinc thE: IH.erature coverage provided 

by various 'secondary' publicnLior. s (current 3.\~arelless, irldeKing, 

and abstr:lcting t.ools). no quantitative model s are available for the 

optimal ~elcction of secondary periodicals . 
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