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T HERE are three stages in the application of high 
speed digitul computers to r.lata processing problelllS: 

1. RYfl.II'IllR AnlllYHil:l-lilf' IlIi"k or dclel'tniuing what i ~ to be done 
2. PI'f)I{I'ilInming- 1l s t.n lement of how it is to be done 
a. (:ndiug-f\ tmnBllltion of thia st.ntement into m{~ch i",! Inn. 

~' l lnQ;C 

A wide variety of automatic coding techniques have 
hecn developed. This paper presents a first step in the 
dired ,ion of automatic programming as well as n t,ool 
"'hi"h shou ld be ('seful in systems analysis. 

Sirwc we may be called upon to evt\lunte different 
t'OHl llll tCI'S 01' to find nlternRte wnys of organizing CUI'­
I'ent SY$tOlllS, it is neceSSl\ry to hnve some mrnns uf pre­
cisely stating a datn processi ng problem independen tl y 
(If mcchnnizat.ion . 

The flolat ion )I'C8l'llted herc provid es sHch l~ pl'ccise 
l\11d nhstmct wny of specifying the infol'llllll'jnnai nnd 
l illIe clJal'udcristics of a data PI'OCCSSillg pl'! ,l d(,1ll nne! 
should enable the analyst to organize the prohl"II' al'o llnd 
any piece of hardware. T his notnti(,lIl could be' used in 
t he input to i\ new type of nutomntic programming !'y~ ­

tell'} ill wliil'h n. probl em i8 stuted n ,t on ly ill{kp('nd('nU y 
of muchinc, but withollt specifying the s tl'UclUI'C of fil efi 
01' scqUCn('C of operations whel'c such spccifi ca tinn iJ' not, 
needed fol' logical correctness. F urther, the nppliC'l1tioll 
of a graphical version of the not.ational ~yst('m will :-: h()\\' 
the relationships among infoJ'mation in input nlld output. 
So t,hut redundancies cnt} be climinnlcd Hnd nltC'l'llati,'c 
wuys of processing studied . 

The context of our analysis is that the objectives of 
the data processing system have been statcd in terllls of 
thc rcquired outputs i these outputs arc n t (lon!i idCl'cd 
as subj ct to I'cvision . On t he othe,' hand, nlt llUugh the 
inputs may be oI'gimized in any desired fashion i t nppcano; 
necessary or at least convenient to state one of the possi­
ble input orga.nizations from which aoy equivulent one 
can be derived. It should be noted that the input may 
supply anyone of n number of equivalent pieces of in­
formation, e.g., either (~ tlstomer name to be copied di­
rectly onto an output 01' an identification number from 
which the name cnn be looked up. 

DASIC COMPONENTS OF DATA I'ROCESSING I'ROB/.EMS 

A data. processing ]11'o l>lcl11 CRn be described in terlUS 
of fOlll' kinds ()f bnHic components: 

1. InforllHttion seLs 
2. Documents 
3. Relntionships 
4. Opcrnlionnl l'cquirr.mcnl s 

t NFOI1MATION SETS 

An in fo nnution set wh ich we call I', is a list of all pos­
sible items belonging to thc same class. From the items 
in these lists are dmwn the. data which will flow through 
the system. The mem bers of an information set may be 
considered as all t.he possible entries which could be 
tllndc in n t'pel'ified hlank 011 a do('ument. Examples of 
information sets nrc cU$tomers ' names and addresses, 
pnl't 11IImhcrs) unit prices, dates, invoice numbers, etc, 
Whether nn infol'lImtiol1 set 01' n collection of related 
inf01'll1nt ioll sets cx i ~ls in t he system as a. file will depend 
011 tlH: lilt irnn.l,c 1l1cchanization of the problem. As far as 
"" "h,tract statement of this phus. of problem is con­
cerncd , it. iB nC('CSfmt'Y to state on ly the information sets 
li nd tli{'ir relat.i I'1Il t-\ hip8. Governed by these relutionships 
Ihe nll!lly ~ t. is t. hell frce tl) choose whatever fil e strudul'e 
\\'i lll11:lkc Ih(' m'{']'-nll systt' Jn Illostefficient. 

1)01 ' , ' :0. 11': :"'1':-: 

A dW'lIl1lcnt., ",hil' h \\'(.' ca ll D h is a collect.ion of I'C­
latl 'ti illfol'lllatioll il t'II IS , J) jI; \\'here k is the number of 
tilt, it('llI~ 011 !,Ill' JUI dOl ' IIIIHmt, nOl'IUllcnt,s nre cith('1' in-
11111 :-: III' 111111'111)0;; CXHlIlplcs al'e shipping notice, invoi ce, 
d ail~' :-:nk~ r<'PIllt, elc. 

The third C1C II1Cllt which must be described is the set 
of l'<'iationships among the information sets, the docu­
Illcnt Jol, Hnd the itemR on the documents. A rel atj on~hip 

hetween infol'mntion sets specifics the corl'espondellce 
he tween t.he itcms in one sct nnd the items in some other 
!)ct. lrol' example, relationships exist between the cor­
rcspotlding itCIl1S of thc set of customers' numes Rnd cus­
tomers' numbers, salesman's names and customers, dllY­
month-year's and dates, etc, 

The relationship which shows how an itcm on Hn out­
put document is deri ved, Of' from wherc it irs tnk<:n if it 
is simply copied f"ol11 another document" is called the 
defining relationship. In addition, there arc producing 
relationships which define under what stimuli the docu­
ments or certain items on the documents nrc produced, 
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and conditional relationships which specify under what 
condition~ any of the foregoing apply. . . 

OPERATIONAL REQUIREMENTS 

The final element in a data processing problem is the 
set of operational requirements of the system. These are 
the requirements which are not related to the logic 'of the 
problem, such as the volume of input documents per day, 
the number of copies of outputs, the size or color of the 
documents, the elapsed time between the receipt of an 
input and the production of an ou.tput, etc. 

ABSTRACf STATEMENT OF A PROBLEM 

An abstract statement of a problem can be made by 
preparing two lists: one of the information sets and the 
other of the documents. 

The list of information sets presents the name of each , 
set along with certain data about the number of items in' 
each set, the' number of characters required for each 
item, and the qualitative and quantitative relationships 
among sets. The list of documents presents for each docu­
ment the items on the document and the information set 
each item belongs ~o. It also lists the defining and pro­
ducing relationships for each item on the documents as 
well as the operational requirements associated with the 
documents. 

Thus the output documents are completely specified 
in terms of the transformations which are applied to the 
inputs. At the same time, the relationships among the 
information sets enable logical substitutions to be mndc 
in the input to achieve the same output. 

I" order to describe the notation and its properties, we 
will proceed by means of an illustrative example. 

VERBAL STATEMENT OF PROBLEM 

Suppose that we have a manufacturer wlio muintains 
stock at several scattered warehouses. Sales are made 
and reported to the warehouses, which in turn make the 

shipments and at tlJ~ @~f'1¥ lime send ill formation to the 
central office for bil!in~' r.Hw~ses. ne central office sends 
invoices to the custp!ii~rs, receiy~s pay,,!~l'ts, furnishes 
monthly statements, apd prepar~s a d~i!~ cumulative 
sales report for management purp~s~ •. j!:~~h ~Hstomer is 
serv~d by a. given salesman who in tt~rn 1V~r~S m-l~ of a 
given warehouse. 

There are five documents in this sysi~ITh ~Wp inr.\!~S 
(shipping notice, customer payment) and thtee outputs 
(invoice, monthly statement, daily oumulative sales re­
port) . 

Three hundred shipping notices are received daily and 
each has, on the average, live line items. An invoice is 
prepared for each shipping notice. ' After determining 
the unit price and extended price for each line item, the 
total price per shipment is calculated. The invoice must 
be sent within two day.s after receipt of the shipping 
notice. 

About two hundred payments are received daily, each 
covering on the average one invoice. The customer jn w 

eludes the invoice number with the payment. 
Monthly statements are sent out between the tenth 

and the fiftcenth of the month to all customers with an 
open balance as of the tenth of the month. The invoices 
which were dated after the tenth of the previous month 
nnd which have not yet been paid are itemized on the 
statcment. Old unpaid invoices are consolidated and 
shown only as an old balance. 

The daily sales report is produced within two days 
nfLer the close of business. It includes the gross sales for 
the date and a breakdown by salesman of daily sales 
and cUllllllnLive sales for the past month. 

An ahstract statement of this problem is presented in 
Table 1 (List of Information Sets) and Table 2 (List of 
Docull1ents). A graphical representation of the informa­
tion sets is presented in Figure 1 and a combined graphi­
clI l representation of both the information sets and docu­
lllellts is pl'esented in Figure 4. 

TAIJLE 1 
In/ormation SellJ 

L Rclatiollshl". 
P, Date 6N PI-P,XP.Xp. 
P. Oustomer Identification No. 2000 5N PI~PIOI PI",p. 
p. Ship to code 9 IN P .. '::::::t.P,XP I 

P. Salesman No. 50 2N PI ",P. "'Pit 
P. Model No. ,~p M/N PI~PIIXPII 
P. %uantity ordored 2N 
p, ay n 2N PI-p,XP.-XP. 
p . Month 2A pl-p,Xp.XP. 
p. Year 10 2N PI-P,XP,XP1 
P" Customer N / A 2000 SOA/N P'~' P .. Warehouso name 10 12A P4'" 11 "'~II 
PLt Part No. 800 3A/N p.~ ~)( u 
p" Color 20 2A [jX; t X I~II 
p" Ship to address 6000 SOA /I( ~,)(P.XP. 
P" Pricing area 8 IA ., ' PI' """PIt 
P" Invoice No. (Shipping Notice No.) 5N P11'::::::t.D, 
I'll Unit pric(J 5N P,XPu "'PI7 
p" Salesman name 60 15.'1 P,,'::::::t.P. 

n-number DC elements in Bct 
L-number oC chn.ractcrs (numeric- N, alphabetic- A, or alpho.numcri,c A /N) in each clement. 
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TABLE 2 
Docum~nt Descriptiona 

Sh.ipping Noti~e--D1-Input 

I )atl' 
Shippilll( Nolicll No. 
CIIJ1tnml!r Jdontification No. 
Rhip t.n Code 
H/Llf'Hmnn No. 
Qunnlit.v of Order 
Moli(l l Sn. 
I.inn 1 It'm 

EDt/p'N-30n 
EDI _./ 01 -5 

Infotm.Uor! Bel 
p, 
PIt 
p, 
P, 
P. 
P, 
P, 

Invoice-D2-0utpu t 
ltemi Ver~l Dmriptlon 
D1_ 1 Bille 
D'_I Invoice No. 
D

'
_I Customer Identifioation No. 

Dt _ 4 Customer N amo and Addreee 
Dt _. Ship to Addr()s8 D,_, Warehou8e shipped from 

(D,_, Quantity of order 
Dt _ 1 Model No. D._. Unit P,ioe 
D,_1.1 Extended Price 
Dt _ 1I Total Price 
D._It Line Item 
Producing Relationehip: DI -D, 
Operational Re~irement 

Volume: CD,/PUl-300 
Time: t.(D,) - t.(D, )<2 day. 

InrormaUon Bet 
p, 
Pot 
P, 
P" 
p" 
p" 
?, 
p. 
p" 

C tll~tomer Pa.yment-D3-lnpu t ll._ 
D._I rDI _ t 

D'_II 
D._( 
Volume: 

Verhal DOIOrl pUon 
Date 
Invoice No. 
Amount 
Line Item 

ED./ D,,, - 200 
E. DI_.I D. - 1.6 

InrormaUon Bet 
p , 
Pot 

lHont hy StatemcnL- D4-0utput 
Verbal Deteriplion 

Cuetomer Name u.nd AddrcflA 
Date 

Inrnrm.tlon Set 
P I O 
1', 

Dtfioinlt Rtl.UonIhlp 

P I1 (Dt _ 1 X PI.) 
Dt_,·Di_. 
1: Dt _ to D,_, to 10 

Dennin. RelllloDlhlp 

Customer'e (old) hnlnncc 
Invoice No. P .. 

J', 

10/ P .. (D.)!P .. (D.) 
Statcment8 are to be dated tbe 
10th of the month. 
Dt_I( D._1, P,-1) - 1: c:'._ID,_, (D._I) 
D1_ 1 

Date of Invoice D._I 
Amount of Invoice D._II 
Line Item Dt_t .•.• 
New Bala.nce Dt_, +I: Dt_t 

Produoing Relationship : P, XP.-Dt I Dt_.~O 
(etatement8 are produced eMh month for each ClI flto mcr with a non-1.ero balance) 
D. - Dt_,ICt_a/\.Ct_t 
(an invoice i8 inoluded in the statement if hoth condition Ct_1 and C._. arc true) 

Special Condition" C._, : lP,(D,) - P,(D.)/\P,(D,) < 10)VIP,(D.) - I - P.(D,)/\P,(D,) > 10) 
(the invoice was dated after the 10th of the preceding month hut beforo the 10th of thl8 month.) 

C._,: "3D,ID,_,(D,_,» ) 
(a payment hu not been received for the invoice) 

Operational Requirement8: 
Volume: 

Time: 

ED./P .. -600 
(the average number of .!Ita.temente iS8ued per month ie 600) 
ED1_,/Dt - 4 
(the average number of invoioes (Iino item8) itemized per etatoment ie 4) 
10 <P .. (D.) < 15 
(etatementR nrc to be produced between the 10th and the 15th of the month) 

(Continued on next page) 
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TABLE 2-conlinu.d 

Daily Cumulative S'ales Report-D5-0uiput 

p, 

-

HeIDI V.,bat Dotcr\P'iON 
D __ I Date 

(D' _I Salc8man No, D._. Sa.lesma.n Name 
Dt_ t Salcs this do.te 
D'_I ) Cumulative 881c8 this month 
Dt _. Lino Item 
D1_J Total grOBe sa1c8 this daw 
Producing Relationships: PI-D. 

P .. -D,_, 
Conditione: C'_I: P1(D'_I)r'1 
Operational Requirements: 

. Volume: CD .... /D.-50 . 
Time: . t,(D.) -t,(D.) <2 day. 

TABLE 3 
List of Symbols 

A Iiat of all possible inCormation belonging to tho SBme 
Ch~88 
A "pacific member of the clue 
A doclimellt 
A specific document belonging to the DI elMS 
A collection of entries on tho dooument DI 
Line item 
Iaomorphio (one to one corrospondenco) 
Homomorphic (many to onc COrrCKpolidence) 
Cartcaian produot, e.g. , p,xP. means a pair of p; nnd p_ 
Conta.ined in 
Produces 
Extrinsic time (real time) 
Intrinsic time, e.g., date written On document 
Function 
nth Condition rcla.ting to thc mth Document 
II 
Negation of C ... _", i.e., L ... _" ia true if and only C",_" iR hllse 
Number of 
Average number of 
Thcre exi6t8 
There does not ex ist 

The following format is used for thc information sets: 

Pi Name Number of 
,~"" 

Numller of 
Clmrnctclra 

P LO CUHtomcr nnme 2000 
and a.ddre88 

Pit Salesman name 50 

'Numerl~, N; 
Alphabetic, A: 

Alph. numerlc, AIN) 

50 A/N 

1M 

PLO~Pt 

In this problem, the customer's name is always linked 
with his billing address and P" is simply a name for the 
collection of the two thousand names and addresses in 
the system. The fifty alphanumeric characters required 
represent the maximum ntlmber for anyone name and 
address. We could, if dcsired, also list the mean and 
standard deviation, the range, or any other statistic 
which is applicable. The other information sets are ob­
tained by examining all of the data Rowing th"ough the 
system and simply listing the sets as they ar~ found. In 
this problem, there Bfe eighteen such information sets. 

RELATIONSHIPS AMONG INFORMATION SETS 

One relationship that frequently exists between sets of 

Inform.tion 8M 
P, 
P, 
P" 

Delininl RelaUonshlp 

information items is a one-to-one correspondence. When­
ever there is this one-to-one correspondence between the 
items in one set and the items in another set, we shall, 
borrowing a term from abstract algebra, call this rela­
tionship isomorphism. This relationship holds, for exam­
ple, between P,. (customers' names and addresses) and 
the information set that consists of customer identifioa­
tion numbers, P,. That is, to each specific customer name 
and address corresponds exactly one customer identifica­
tion number and vice versa. This relationship is read p .. 
isomorphic to (==<) P,. 

If the correspondence between the items in the infor­
mation set..s is mnny~to-one rather than one-to-one, we 
shall call the relationship homomorphism. For example, 
there nre many salesmen who work out of 6 given ware­
house, su that we may say that p .. (salesman nome) is 
homomorphic to POI (warehouse name). Thus given the 
salesman, we can find the warehouse from which he 
works, but not vice versn. In other words, if PJ is homo­
morphic to p. then given an element of PI we can find 
the corresponding element of Pic. However, unlike iso­
morphism, the relationship is not symmetric; given an 
clement of p. therc is a whole set (with one or more 
members) of elements of PI which correspond to it. 

Since both isomorphism and homomorphism Bre transi­
tive,1 we can del'ivc rela.tionships which arc not explicitly 

. '-'--®"-'r" .. -.~ 
-r-~f ~ 
","-"---!i!l ' 

'" 

...l... .w 

FlO . 1. Grnphicnlllcpresentnlion of Information SCI.! 
--

I If lJt b, and C o,'e three clements ODd R is Il. relationship, then 
R is sa id to be troDsitive if allb nnd bRc together imply aRc, 
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gi,:en. For example, if P" (custolller name and address) 
is homomorphic to P" (saleslOall name) which in turn 
is homomorphic to PH (warehouse nnme), we can the~ 
say P" is homomorphic to P". 

Our graphical notation, shown in Figure 1, provides 
the simplest way to derive all of the relationships among 
the information sets. 

The double-ended arrow indicates an isomorphism be­
tween sets and the single arrow, homomorphism. The re­
lationships hold only in the direction of the arrows so 
that P" which is isomorphic to P, is also homomorphic 
to P4) PI! and P u . For convenience in drawing, the ar­
rows eah he connected to a lin~· extending from the 
squares. 

An item of information is sometimes the result of com­
.bining several othel· item~; e.g., the model number is de­
termined by the combination of part number and color, 
or expressed symbolically p. "" P" X P,,; this is read 
PrJ isomorphic to P u CrOss P' 3' Care must be taken to 
distinguish between this so-called cartesian or cross prod­
uct, and arithmetic multiplication, which we always de­
note by a . b or just abo The a bove says that there is a 
l-to-l relationship between the elemenls of P, and all 
pairs (Pnl 11,:\) where PI: is l.L member of PI2 (Le, a spe­
cific part number) a.nd Pu is l\ member of Pia' (i.c., a 
particular coldr). 

Again the customer's actual shipping address (P,,) 
(store, wal·ehouse, etc.) is determined by the combination 
of his identification numbel· (P, ) and the ship-to code, 
i.c. PH::::::: P2 X Pa. 

In the case of date (P,), we say that P, is equal to 
(rather than isomorphic to) P, X p . X P, (dny, month 
and year) since an element of P, actually consists of the 
day, month and year taken from P" P, and P". Since 
certain triplets of day, month anr! year do not exist", it 
would be more coneel to say that P, is contuiner! in 
(symbolized by C ) P, X P, X P". Operalionall)' , ho,,·­
ever, this should be no problem since dates such U8 Feu. 
31,1958 should not enler the system. 

p,n) the information set consisting of invoice IltlllllH'I'S 

and shipping notice numbers (in this problem lhe mme 
number is used for both) must be handled in " . lightly 
dilTerent manner. Since these numbers are crented at the 
same time as the documents they identify, they beul· n 
definite relationship to these documents. In flLct, thel·e is 
a one-to-one correspondence between the numbers flnd 
the documents so that we may say that 

P'6~D'l 
and PH! ::::::: D t 

This implies n relationship between p .. and any of the 
informa.tion sets to which the items on the document bc­
l o~g, viz: 

P lo-PI 
where PI is nny inforlllation set to whie'h un item on the 
document belongs. In other' words, given nn invoice nl ll11-

ber we can find the specific entries on t he documenL. 

The folloWing format is u~e\\ f,?~ W.~ 9.9~WIl,~~,Y.: 

I ltDIt 

D,. 

Verhnl 
DJre:ipliou 

Producing Rciationflhips: 
Special Conditiol1R: 
Operational H.equirem(>lIt~ 

Volume: 
Time: 

1,,(,\' IIIallnn 
8 .1 

TnputjOutpllt 

DeliniUI 
n/"'a·.I ... t1~llp 

For each document we record its Ilmnc, nUl11ucl' and 
whether it is an input or output document. The items D,. 
are entered along with their verbal description, the infor­
mation set to which they belong, and, for output docu­
ments, the defining relationship, which tells from where 
the item is taken or how it is derived. If no rel.ati~n.ship 
is shown, the item is derh·ed directly or indirectly from 
the producing document. Whatever produ·cing relation­
ships and special conditions apply arc listed at the bot­
tom together with the volume and time requirements. 

One characteristic of a document is that it contains not 
only information that appears only once but also infor­
mation, known as line items, which may be repeated any 
number of times. The line item for the shipping notice 
(D,) is D, _, and D,_" quantity ordered and model num­
ber, nnd is distinguished by placing square brackets 
around it. A particular shipment may consist of 7 differ­
ent 1I10dels so that the line iteln would be repeated seven 
times, each containing a different quantity ordered and 
model nultlber. In order to refer to a line item as a whole, 
without the necessity of repeating its elements, an item, 
D, -tl, is added Hnd used whenever reference is made to an 
operation which pertains to each of the line items. For 
('oll\'cnicncc, the items containcd in a line item are listed 
in the denning rclationship column. Thus D1 M8 is shown 
t\) l'o Il8i::;t (If DHI and D'-1-

'Vo distinguish between two kinds of time, extrinsic or 
E l illlc nnd intrinsic or I tilue. Extrinsic time is the time 
at which an event occurs, e.g., the production of an out­
put dOClllllcnt, and intrinsic time is the time which is an 
infol'lnntion item on fI. document, e.g., the date written 
on the do ·ument. 

Using this symbolism we can now express elapsed time 
relationships. For example, if the invoice must be pro· 
duced within two days after the receipt of the shipping 
notice by the system, we wou ld wri te: 

t.(D, ) - t,(D,) < 2 days. 

Au olute instead of relative time can also be expl·csseu, 
e.g. 

10 < P, [tdD.ll < 15 

implying that Ihe day (P,) of produclion of D. must be 
between the lath and 15lh (of the month) . Expressipns 
(If this kind will often be condensed from P, [t" (D,) J to 
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. rJ='~I~ · "-;£-··--<iip--·· -m[j]il-··-.~ I '1, , ! 
I iii )''' '1 

(I) ..... J 

. o® .. , 

FlO. 2. Graphical Rcpreeentation on DI,'Shipping Notice 
Rnd Df, Invoice 

just P,. (D,), since P, is an information set consisting of 
time units. We can apply arithmetic operations to dates 
as in the specification of D;., in Table 2 where D,., 
[(D,.,) - 1] means that we take D,., (date), subtract 1 
from it, and look liP D,., from the D, with this date. 

The volume statements on the shipping notic.e state 
that the average number (indicated by the square C with 
the bar over it) of shipping notices (D,) per day (PT.) is 
300 nnd the average number of line items (D, .• ) per 
shipping notice is 5. The special symbols are used with an 
eye toward future automatic programming input. 

A graphical representation of the shipping notice and 
the invoice together with the information sets is shown 
in Figure 2. 

The items on a document are connccted by II (geneI'· 
ally horizontal) double line and the item numbers are 
entered in a circle. By convention the circles on input 
documcnts are connected to their corresponding informa· 
tion scts by a line with an arrow pointing toward tho in· 
formation set. The line items are enclosed by sq uare 
brackets. The graph ical ropresenbtion makes it ellBY to 
pick up redundant information. For example, D H is n 
member of P2 which in turn is homomorphic to P4 . D, _r., 
which is a member of P" could therefore be derived frolll 
D, .• by a table look·up. In other words, it was not neces· 
sary to input the salesman's number as it could have been 
derived from a knowledge of the customer number. Note 
a lso that it was not necessary to know what mcaning was 
given to D t • s, D1- e, P21 and p. in order to determine t his 
redundancy. 

PRODUCING RELATIONSHIPS 

We have discussed certain relationships among the in· 
formation sets; other kinds of relationship may exist 
among documents, and between documents and informa· 
tion sets. One of these relationships is that of "produces." 
In general, a document will be produced in one of two 
ways: 

1. Periodically, once every dny, week, ctc. 
2. Irregularly, once for ench occurrence of nn input document 

Or of II condition dependent on input da ta . 

For example, since an invoice (D, ) is created for 

every shipping notice (D,) that is received, we say that 
D, .... D, (read D, produces 1),) 

The producing relationship is concerned with the exis· 
tence rather than the content of the do~umcnt involved. 
The daily sales report is produced each day, so that we 
say the date produces the report; however, this does not 
tell us what is on the sales report 01' f"om where its in· 
formation is taken. In general, though: the items on an 
output document will be derived from the document 
which produced it, unless the defining relationship spe· 
cifies some other way to derive these items . 

DEFINING RELATIONSHIPS 

The defining relationship tells us the content of the 
output items. The exact specification of how this content 
is to be generated is left to the subsequent mechanization 
of the problem. Where no defining re lationship is given, 
it is understood th~t the itef!ls are to be copied or de· 
rived from the input document that produces the output. 
These items are copied directly from the input when both 
input and output items belong to the same information 
set. They are derived indirectly from the input when the 
input and output items belong to different l1ut related in· 
formation sets. For example, the customer name and ad· 
dress (D, .• ) on the invoice (D,) belongs to P" (the in· 
formati on set consisting of customer names and ad· 
dresses). No defining relationship is given opposite D, .• 
in TlIble 2; thus for the derivation of D,., we must look 
to the input document (D,) which produces D,. How. 
ever, since no item in D, is a member of PlO (that is, the 
cu.tomer name and address does not appear on the ship. 
ping notice) I we must find some item on Dl whose in­
rOI'lllat.iun set is related to P IO ' Referring to Figure I, we 
notc that P, is isomorphic to P" and that D, .• is a mem· 
uel' of P,. Thus we know that D, .• can be derived from 
D, ., via t he relationship between P" and P,. In other 
words, given the customer identification number on an 
invoicc we can find the customer nan;e and address for 
the corrcsponding invoice. Note that nothing need be 
said as to how this is done. It may be desirable to main· 
tain a fil e within the system and find the customer's 
names by a table look·up or this may be done manually 
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FJo. 3. Graphical Notation of a Cocditional Relo.lionship 
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FlO. 4. Complete Gl'rtphicnl ]l ('Jll'cscntntion 

outside of the system. We have merely stated the require· 
ment that it be done. 

One way of symbolizing t hat an item in one informa· 
tion set is to be derived from an item in another set is by 
means of the function notation of mathematics. For ex· 
ample, the unit price depends upon both the model nllln· 
bel' and the pricing area in which the item is sold so that 
D"D, the uni t price, (which belongs to P,,) is specified in 
Table 2 as P,,(D, .• X Pu). This is read as P" of D, .• 
cross P", and means t hat the system is to look at the 
combination of a model number (D , .• ) and a particular 
pricing area (belonging to P,,) and put the corresponding 
member of P" (unit price) in the space designated a. 
D'!-fI on the invoice. 

Note that the pricing area (P,,) may be derived in n 
number of ways, e.g., from a member of P II (via PI1 ---' 
Pin), (I'om n member of p. (via p. '- PIG) I 0 1' from u 
momber of P, (via P, - P,,). That is, the pricing arca 
can be found f"om eithel' the warehouse name, t he cus· 
tamer identifi ca.tion number, or the salesman number. 
Again, the pal'ticul ." choice or deriving the pricing area 
is left to the subsequcnt mechani zation 01 the problem. 

The defining relationship may be a simple mathemati· 

rill rel ationship between various items, e.g., the extended 
price (D,. ,,) is found by mUltiplying the quantity or· 
dCI'I'd (D ,.,) by the unit price (D,.,). Thus, D,." is de­
fined lis D,., ·D,." (read D,., times D .... ). In the graph. 
ical notation, Figul'e 2, this is indioated by drawing in­
fOl'lIlll tion flow Jines from D2-T and D 'Jag to a small circle 
which contains the Rl'ithmetic operation to be performed. 
The output of this operation is then shown going to D,.". 
Tile f!'ct that D, produces D, is shown by the verti cal 
double line with the 8rrow pointing from D, to D,. 

Tile definin g relationships may become very complex. 
They mny contain conditional statements or may in· 
valve arithmetic operations on time units. 

CON DITIONS 

))cc;sioll making is another important part of any 
<hlt>l pl'ocessing problem; hel·. we have avai lable the help 
or RYlllholi c logic (1). For example, the condition C._" 
the first condition on the fourth document, is of the form 
(p .\lHI q) or (T and s) where p, q, T, and 8 are equalities 
01' inequali ties on certai n dates; /\ is used for Hand," and 
"VI) fol' 1101'." This condition states that the invoice was 
dated a lter the 10th of the preceding month but before 
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the IO bh of liIIis nlonl,iL (,' .1-1 is \\Tilt cn as: 
11'.(1),) = 1'.(1),) A 1',(1),) < 101 v II',(D,) - I 

= 1',W, ) A P,W,) > 101 

• ·h III II 1111 II 

L!:=====1~~#~=1'" 

FlO. /). Explanation of Gmphit:nl NolnliOl.1 

J::X I'I .AN ATJON O~' GRAPH ICAl. NOTA'rION (J.i'WUIU~ 5) 

H . Thi !:! o:rcle repl'C'J)cnt.s nn in fol'mation it('m on il document, 
viz., l)l. t, with the document number above the line, and the item 
number withi n the documen t, below. Tho hon.vy doub le lille 
(g(>n('ndly hOl'izonln l und possih ly with bril ll chcs) {,Ollnec ls nil 
t he ilem., on onc documen t. 

h. EtlCh in format ion sot, P j , is shown Il l:! 1\ sq U(l. rc, in this r(l.f'C 

c. An item on a document which is nil clement of some I 'j i5 
connected to it; the OI'row runs out of the dOrtl1nCnL ror nu input . 
into it, for nn output (i.e., one in-flY think of the fl ow of illrOl'lnH~ 
ti on to (lod frolh the s)'stem I1S fo ll owing Ihe flI'I'OWS>' 

d. tsomoq>hism (or hClIllomorphi81ll) betwcc il infol'l1I nlinn ... c l s 
is ahown by lL dOllble (or single) hended (I ,'ro\\' , ]11 Ihi." j ' iI :·!t' wc 
al'c sily ing that PI. ~ p~, with the SC]unrc sln nd ing fill' I ', 1 111"in~ 
bcell ex tended downWfll'd by the broken ve rl icn l lilw, 

c. The smnll SCl l1(1 l'C bl'nckcts ellcio€e Iho."c itj' l11 iol I11l1kil1jl li p :t 

line item of n documcnt, in t his case D~8 t, ~ • • *",j 6. !\ulc that D:.~ , 
is not a line item and is excluded by the IlI'lwkcl, I ':. 

f. The producing relationship is shown hy n dOl1 hle hf'In'," Jill t, 
wi th nn arrow pointing to the dOCl1nH' llt 01' l in (~ ill 'l11 )trlldIH·pd . 
e.g., P4 pl'Oduces n line item on Da. The linc 1'11118 frOl11 t l ie I'~ . 

tension ( the vertical broken line) of thc SCJ ll fire box rcpn'rl!'1l1 ill ~ 
P. to the bl'ncket represent ing n line HC'11l nil D .... , 

g, The dotted line is used to COIIIIOI:l VIII'ioIiS clcnwld .. " uf II 

cO llclition, 
h. The condition nt h is that D." is eqlla l to p , ( J)~), !'<'!JI·f·· 

sented by condition lincs from D •• , lind I', with aITm\',~ to tho 
condition line 0 , T hat D , is invo lved if:! s hown h.\' ' \TiI i l1~ i ll 
(D,). 

i, T hi., is tho standard symbol for a gnte nnd statrs t,he condi ­
t ion involved , vi?., C.-" The inpu t to the I-:n te (I he flnt. HtII' flH'll) 

is connected to tho i tem or items involved ill Lhe condition. Thf' 
ou tput goes Lo t he operation nfTect.ed by the condil.ion. 

j, The summation sign indientcs thnt D~. T is equal t.o t.htl 8um 
of DI .... . 

k . The t l'innglc reprcscnts a delay equn l to the tim() in<i ir fttril 
wi thin it. Thus Y~8ler(hlyTfI D ••• is f1 rlded to DN to pl'oduce t odny's 
D._~, 

], & I ~, T he dot.teel crr' , through nn infOI'mntion lmnefc r line 
(II) 01' n sum (l~ ) (01' nny other opel'ntion or ~prod ll c tio l1 ) ind i­
cntes thnt t.hi li trnllSfCI' 0 1' operntion i,'4 perrormed if the I'ondili on 
is tl'lH'. 

tn. The SOI't Ilotnlion implies tho!. Ihe ciocllln C'nL 01' line it em 
111I1SI be sort ed by tho item indicnted, 

/\ har n\'Cr n C'ondil. inll illdi l'a!,\ ':-; flu ' n C~Hl.ion (I f t.hll l, 
c.:ulIdiliulI , i.e' l (,'m II is trlle (III' faIM!) if G", ,, is fal se (or 
trlle). The statement in a defin ing I'el!ltion,hi p of n c!l lcu· 
lulion involving n condition is oflon simplifi ed hy in tc~­
pl'cting C,,,_,, tl$ iL number which is 1 jf the condit,inn

l 
i ~ 

t rue and 0 if it i s f a lse, For examp le, Qlle entry on til e 

mon thly statement (D,) is the "U8tO Il)01"S "Id hnlunce 
(D •• ,). Th is is defin ed us last mOllth's lI eW bnlunce for 
th is customer minus payment s against in voices dated 
prio)' to the period covel'ed by this statemcnt. D ,l_:t i~ thl' ll 
defi ned as : 

D 'H4 (D~_ ll Ps - 1) - ~ C4~ 1 D :t8" (D .•. \ ) 
Thus the system is to find the ncw balance, D.M!I, on In ~ t, 

month 's, Ps - 1, statcment for this customcr, D 'H, Ilnd 
subtract from it t he sum of this cllstomer's pnymcnt.:-:. 
D,., (D •. • ) which do not meet the condi tion thnt 1.11 0 

payments were !1ln.cW during the time period ('o\'cn~d hy 
th is statement, 0"" . wllere C ••• is the cond it,ion ",hi ('h 
specificd the period. 

The second cond ition, f),\- ~.( on the monthly SJ.lltcllH'n t. 
stutes that a paymcnt has I1q~ peen received foJ' the in­
voice; hel'c j1 3" is uscd for Hth GJ'c CX i~ ~SH and j'3 " fIll' 

Htll c rc clocs not exist" so that C4-213 D:d n~-:fp::-:!) I, bll­
plies thllt the system shifted with D,." lind invq\cp l1l"n· 
bel', IIlId found that there did not ex ist in the "yslelll " 
custoJller payment, D u, with the same invoice IHI II1t 11 '1 ' 

(D".,) . 
Conditional statements may be involved in the 1'"" . 

d U I~ ing relationshi p, In describing the cond itions to lit' 
Illet before some nction i s taken, we lise A. vertical lim: to 
sY ll lhol ize Hif/ ' e,g'l in saying 

D, ...... D,., I C,., 1\ C •.• 
01' all im'oiC'c (D:I) prod uces a line item on the stntel1 lCllt 
(I), ,), if C .•.• lind C •. , are true. 

Fi gure 3 illustl'lltes this producing rciationship. D, is 
shown producin g the l ine item D4~f by having the 1'1'0-

dlH'ing Hrt'OW run to the square bl'acket indicnting tlte 
line it('nl . The condition on the producing relatiollship i1\ 
illdicnt.cd hy the X on the produci ng line leadi ng to a 
gate, Thc input to this gate arc the cond itions {)~ . I ulld 
Col -~ ' The condition C ,I_2 i s diagmmmed completcly ~ llo \\' ­

ing that the in put to the gate containing the "Ihel'o dors 
not, ex ist" symbol is D S-2 and D~.'l' 

If the oondition is simple it may foll ow t lce vcrtil'ul 
l inc itsel f as in 

P" X p ....... D .. I D •.• ~ 0 
or a statCll'lCnt, D ", is produced each month (p" ) f IJI' 

evcry ellst,omer (P ,") who has an open bn1l11l1'c (I), . , 

~ O) . 

CONCLUSION 

We have shown how a simplified prohlem cAn be stated 
in pscudomnthemalical tel'ms, . 'uch n. tool hufo! rnuny nd ~ 

vantage, for a. systems ana.lyst, In reviewi ng nn cxi8ting 
pl'ohlcm it Ill'o\'ides the nllil ity to illsure thllt nil of the 
input entries are used to produce outputs. By presenting 
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nll of the alternative method. of deriving information, it 
facilitntes making rh!r.hiionfoi on 1I)(~ hcst. (Jrgnni~tlti{Jn of 
I·he inputs. It ,,180 1",lps in del,c l'lu ining the "ost of pro­
ducing output.!:;, one CI'itcl'ion for their incltll;ion. Fut' pro· 
p;rn.m ming purposes, it pl'Ovitics an unnmhiguous tltntc-
11I4 'nt oC t,hc pl'ohkm t.o the pl'ngml11mcl'. The: maximum 
1IIIIrIQcr of fil es, record Icngtil f;;, flIe densities, volumes, 
:unonn~ and type of (:omputution required, etc., rRn be 
c1lsily dptc nnincd. TI le ~rn l Jhicn l pl'cl':!cntu.tion, wh ich can 
be modifierl to sni t the need , of the user (e.g., by includ­
illg de"""ipl,ive IUbels), , ho"ld be helpful in dctel'lninillg 
I.he hel'lt lll'gnnizatinn of filcs nnd !:iul)l'oulincl) Hnd in pro­
viding n chc'ck o,n l'cdundant. and superfluous infol'mntion. 

At fil'st glance it l\lny seem th"t we hnve made the 
problem statement. mOI'C, mthel' than less, complicated , 
Howevcr, the statclllcnt of 1\ problcm in these terms 
cl enl'ly rnnnot bo more complox than the problem itself. 
The cost (1f eunent dntn processing no longer permits 
incomplete 01' pnl,tial solutions, nnd ultimately. we would 
like the computer to solve the problem of it. own bcst 
use, Tho first step toward this gonl ",,,"I he II stlltellleni 
of the problem which lhe compute I' cnn unti(,l'altUlti . 
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