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1. Introduction

Arrlications rrograms using existing business data
rrocessing languadgesy like COROL or PL/I » desal with files bu
writing loors to handle one record after another. For
examr~ler to erint a8 rerorty 2 rFrogram would extract the
necessary information from & filer calculate totals or
subtotals and then format the result for a record. This
would be rereated for each record. Thusy for instancer a
=rogram for ravroll check rrinting and another erodram for
student transcrirts are viewed and desidned 3s auite serarate
Frroblems. Similarlyy to merde EMFLowee file with WORKlog
files and STUllent record with PERFormances asre treated
differentlyy with 3 lot of durlicated effort. 'Considered
from an orerational roint of viewr each of these rsirs of
rroblems is essentially one rroblem.

The desired arrroach is to be able to deal with each
file as & unit and to orerate on the file rather than on
records. We should treét files +the waw FORTRAN treats
rnumbers - as fundamental, indivisible units -~ or as AFL
treats arravs. For instancer instead of wusing loors for
check rrinting we coul& have a8 sindle oreration on the
rauroll file. Secondly we should have a8 framework of
standard orerations <o that each rroblem can be seen as an
arrlication of one or more basic file orerations. Instead of
using loors to merde two files » EMFL with WORK and STUD with

FERFy we could have a3 sindgle oreration on the two files.
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The relational algebrs develored btw E.F.Codd rrovides
this desired arrroach. Relations are essentiallwy files» and
aldgebraic orerations form a framework of standard baessic
orerations on files. These torics are elaborated om in
charter 2. In these termsy a rauroll sustem and a student
record sustem could consist of 3 merdge followed bw an
extract, These are shown schematically below!

EMPL. WORK |STUD FERF
Merde Merdge
\ 5
FPAYROLL STUDREC
Extract wtract
CHECK TRANSCR
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This rerort shows how the relational algebrar formulated
a8 the srodramming landuade Aldat, arrlies to a manufacturing
rrofit anaslusis sustem and to & general accounting sustem.
It demonstrates the conciseness and ease of rFrodramming of
Aldat in business arrlicastions as comrared to existing data
srocessing languadges.,

This rerort comrrises two works - Frofit Analusis by
Chim Yun Chen’ and Accounting Arrlications by Fuunghee Kim ~

merded as showrn below!

1. Introduction
2. Aldat in Business
C3f/// \\\sK3. (Froblem Descrirtion)
éh. Kh. (The Arrlication of Aldat)
\\\“Sf(/// Conclusion
it List of Relations
é: List of Attributes

Each arrlication can be read serarately excert Accounting
Arrlications uses some of the Frofit Anslusis results as
inFut file. Due to the inderendent writing of this rerorty
in the following cases different attributes were diven for
the same relation nam?

EQUIFy SALHIST

In most casesy names are consistent.



2. Aldat in Business

Aldat is based on the relational aldebra. The
relational aldebra rrovides - set of orerators for
manirulating relations. We choose relations because thew are
simrles dgeneraly and have well-defined mathematical
' rrorerties, The aldgebra orerates on whole relations not Just
turles. It treats the relations as rrimitive data structures
in much the same waw that FORTRAN treats scalar numeric
variables or AFL treats arraus.

The advantades of Aldat are its conciseness and
standardization. Aprlications erodrams will he at least ten
times shorter than eauivalent PL/1 or COROL rrodrams. What
was designed as a8 whole Prosraﬁ in 8 Cobol-oriented sustem
srpecification will arresar as a8 statement in Aldat. The
limitedy but rowerfuls set of orerations available in the
relational aldebra ensures that there is 8 limited number of
waws of doing a2ny rarticular taskr and often onlw ones
sfandard; way .

This rroJdect is an illustration of the arrlicablitu of
the relational aldgebra to sccounting and bill-of-materials

dats rrocessing,

2.1 The relation
In traditionzl terms» a3 relstion resembles a filer 3
turle 3 recordy and a8 domsin 3 field., To rut it another waws

relations mavw be thought of as highly discirlined files -~ the
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discirline concerned being one that results irn a8 considerabhle
simerlification of the data structures the user has to deal

withy and hence in 8 corresronding simelification of the
orerators needed to manirulate them.

We illustrate 2 relation called EQUIF, defined on domains
EQUIF# (eauirment number)y CHRONOL (the date of rurchasing)s
EQCOST (the cost of ecuirment):» SALVAGE (the value of
salvage)y and LIFE (life limit of the ecuirment). The domain
EQUIF#, for examrley is the set of all ecuirment. It is
convenient to rerresent the relation as a3 table.

EQUIF (EQUIF# CHRONOL EQCOST SALVAGE LIFE)

1 730101 205500 500 10

3

731201 18,500 1,500 5

3 740801 24,400 400 8

4 760101 29,000 1,000 7

35 760601 255000 1,000 10
Each row of the table rerresents one turle of the relation.
The number of turles in this relation is S.
2:.2. The relsational orerations

The orerations of the relational aldebra fall into two

classes?! the monadic orerators - which include rrodect and
selecty and the dusnic orerators -~ which include the U—doin

and the rande .Join. We discuss these below.



2:.2.1 The select

fhe select orerator constructs 3 new relation consisting
of those turles of an existing relation that satisfw some
conditions (which we defined in the domain exrression). A
selection function can srecify the turles which we need. For
examrles

gelect EQUIPLCLIFEY1O0]

in which LIFE10 is 2 boolean exrression. A turle will be
selected onlw if the exrression for the turle is true,
Thereforesy the turles with EQUIF$ eaual to 1 and © are

selected,

2:2.2 The rrodect
The sroJdect oreratory forms a new relation which extracts
srecified domains from an existing relation and removes any
redundant durlicate turles in the set of domains extracted.
For examrler
sroJdect EQUIPCLIFE]
would give 8 unary relation consisting of turles containing

10y S5y 8y and 7.

2:2:3 T-selectors
It is convenient +to combine select and rrodect into =
single oreration. To find the euirment life of 10 we

normally write!

eroJect (select EQUIPCLIFEIOLCEQUIF#]



7
which is select on LIFE10 followed bw 3 rrodection on domain
EQUIF#. By using T-selectorr, we can write this as!

EQUIF# if LIFE=10 in EQUIF.

2:2:.4 The u-Jdoin
The A-Jdoin include naturasl Join and urnion Jdoin. Thew are

illustrated with the relations?

ROUTCOST (OF# ASSEMBLY¥# RCOST)

1 T 4,0
2 N 2.4
3 N 1.0

LABOUR (EMF# OF# EQUIF# EMFCOST)

1 1 4 5.0

3 2 S 8.0
Surrose we wish to merde the manufacturing costs into 8
relation MFGCOST (OF#sASSEMELY#yRCOST,EMFCOST). It maw be
that some orerations do not have RCOST or EMFPCOST! such
orerations would mnot arrear if MFGCOST were created using the
natural Join?

ROUTCOSTLOFP#] idoin LAROURLOF#]

after rroJdectiony the result would dgive
MFGCOST [OF% ASSEMELY# RCOST EMFCOST)
1 T 4,0 G0

2 N 2.4 8.0
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A comrlete summarw of orerations would recuire 3 union
Joinmy in which 311 orerations with or without costs would
arreary accomranied if necessary bw 3 "mull" value for orne or
both costsy
ROUTCOSTLOF#1 wdoin LABOURLCOF#]
which gives

MFGTEMF (OF# ASSEMELY# RCOST EMPCOST EMPE EQUIF#)

1 T 4.0 940 1 4
2 N 2.4 8.0 3 S
3 N 1.0

frodecting this relstion over the domain OF$%y ASSEMRLY#,
RCOSTy and EMPCOST would wield the reeuired information:

MFGCOST (OF# ASSEMBLY# RCOST EMFCOST)

1 T 4.0 G0
2 N 2.4 8.0
3 N 1,0

2:2.95 The rande .Join
The randge Join is illustrated by the tax table. Surrose
we want to find the base taxy diven in the relation TAXTABLE,

for emrlogees in the relation SALHIST:

SALHIST (EMF# SALARY) TAXTABLE (FLOOR BASE TAXZ)
1 500 350 50.0 20
2 4735 400 60.0 30
3 400 450 735.0 35

900 92.5 40



The result we want would dgive a3 floor of 400 for emrlouee 1
450 for emrlovee 2y and 500 for emrlovee 3¢

FAYTAX (EMF# SALARY FLOOR BASE TAXZ)

1 500 500 P25 40
2 475 450 75.0 35
3 400 400 60.0 30

The range Join is defined» so that rautsx is diven hul

TAXTARLECFLOOR] loJoin SALHISTLSALARY1.

2.3 The domain orerations

The domain sldebrs is inderendent of and comrlementarw to
the relational aldebra. It orerates on domains to define s
new domain. The resulting new domain has to be virtusl. That
isy no storade is allocated for or evaluation rerformed on the
result until the reswult is actuslized for 8 srecific relation
which includes a3ll1l the orerand domsins. There are five forms

of domain aldebra exrressions. We discuss three below.

2:.3.1 Scalar orerations

In the scalar orerations an arithmetic exrression can be
evaluated entirelwy within 2 single turle by considering only
the values of the orerand domain from that turley such as

let TAX be BASE + (SALARY - FLOOR) % TAXX%
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which will g#ive tax rauable for each emrlodee.

(EMF# SALARY FLOOR BASE TAXX TAX )

1 500 900 P2.5 40 92,50
2 475 450 7540 35 83.75
3 400 400 60.0 30 60,00

2:3.2 Simrle reduction
Simele reduction is an asddredation and it is similar to the
reduction orerstion in AFL. For exsmrle
let TOTAX be red + of TAX
will give the sum of 211 vaslues of TAX.

(EMF# SALARY FLOOR BASE TAX%Z TAX TOTAX)

1 500 500 ?2.5 40 P2.50 236.20
2 475 450 75.0 35 83.75 236.25
3 400 400 60.0 30 60.00 236.25

In Aldaty the oreration must be a3 commutative and
associative binarwy orerator which can be one of Vs Ay +» X»
maxs and min. The ususzl database addredation fumctiorn COUNT
can be written 8s red + of 1 and AVERAGE as (red + of X) /

(red + of 1),

2:.3:.3 Eauivalence reduction

Eauivalence reduction is 2 sub-agdredation. It is @&
generalization of subtotalling. For instancey the total sales
#rofits for each customer would be written as»

let $CPROFIT pe ecquiv .+ of $FROFIT bw CUST#.
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For examrler

FROFIT (CUST# FGFART# NGTY $SALE $FROFIT SALES#)

8 E 100 800 300 K4
10 T 3 105 30 8
10 R 3 45 9 8
12 N 20 3,000 432 7

] T 80 2+800 800 7

after we groJdect $CPROFIT on CUST#y which would dgive us the
result?

(CUST# $CFPROFIT)

8 300
10 39
17 432

S 800

2+4 History relations

A history relation ig a relation in which turles are
never deleted or changed. Urdating is accomeplished onlwy by
adding new turles.

A record is chanded by adding a8 turle with the new
information but the same kew value. A record is deleted by
addind 8 turle with the same kew and emrty values.

This leads to th~ rroblem of durlicated ‘“heus". We
resolve this bw augmentingd the hkew bu a2 ‘"chronolodga*
attribute., This gives the date the turle was added. The date

must have fine enoudgh resolution (edg. to the nearest minute)



to distindguish all turles.
We need the notion of the “surface" of the relstion. For
examrler consider the following relation?

SALHIST (EMF# CHRONOL SALARY OVERSALARY)

1 740507 3 5
2 750101 4 6
3 750101 3 5
4 760101 3 5
3 771001 4 é
4 771201 5 7
5 781001 3 5
é 781101 2 3
1 790101 5 7

If we want to find the most recent salary for each emrloseesr
we set!
let SCHRON be CHRONOL = eauiv max of CHRONOL by EMP#3
ba? #roJect. (select SALHISTLSCHRONI)LCEMP¥»SALARY]
will sgive the result.»
CEMP# SALARY)

1

3
44 E-4 > i

t3
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we can also use T-select!?
(EMF#»SALARY) if CHRONOL = eguiv max of CHRONOL in SALHIST
which would give the same result as above.
A second need is to find information for a srecified reriod.
To find the record of any emrlosee after 1977, we can write
let SCHRON pe CHRONOL > 771231

the result of a3 selection would bel

(EMF# CHRONOL SALARY OVERSALARY)

5 781001 3 5
6 781101 2 3
1 790101 5 v

The Justification for the history file is that it is easy
to urdate and can be served to keer the business archives for

auditing rurrose.

2.5 Relational inner sroduct

The relational inner sroduct is a cbmbination of natursal
Joine rrodecty  and equivalent reduction. It can be
illustrated by concatenation of drarhs and netuworks,

A drarh can be rerresented by 8 matrixy Ry where Rq = 1
whern i and J are two roints connected bw an edde and Rq = Q
otherwise. The sroducts R® = RXRsy rerresents raths of lendth
2, R rerresents raths of lendgth 3 and so on. These notions
may be translated into relational termss where ‘rroduct® is
read "relationzl inner eroduct®. For examsley if we have a

grarh of five rointsy we can denerate five distirnct sroduct



grarhs.

Ster 1.

Ster 2.

Ster 3.

Ster 4.

B c
A - A\ - E
D

B ¢
A . B
D

Here the chord AC rerresents the rath
ARC in Ry BC rerresents BOC.

AE rerresents ARCE and aAC rerresents ABNC
in R

Here AE rerresents ARICF inm R

14



Ster 5. R

R (I

A
A
R
B

n

C

a

Emrty because no raths of length 5 in R

These srarhs can be rerresented bw relations. For examrler

ND RN (J K) RN (J KD RN (J K) RN (J K)
E A C A E A E

E A I A C

c B E R E

D B C

c n E

E

(a) (b) (c) (d) (e)

The rrocedure for the above examrle is written as?

relation R on (Is+J)5 RN on (JyK)j
RN$= R$
while (— empte RN) do bedin

RNi= prodect (RCJI idoin RNCJDILIYKIS

end

It starts with R (8) and dives in sequence RN (b)y RN (c¢)r RN

(c3)y

terminating at the emrty relation RN (e).
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A second illustration is a networky used to solve the bill

of materisls rroblem. A list of assembliesr subassembliess
rarts and cuantity in 28 manufactured rroduct can naturally

sssume 8 tree structure (or a dgrarh or a network).

/N
/N

We can rerresent the tree structure by 3 relationy

EOM (ASSEMBLY# SUBASSY# QTY)

N T 3
N R 2
T E 1
T B 1
E R 1
E W )

associated with a3 raw materials table (which records raw materials).
RM (FART#H)
R

B
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We are able to calculate the cuantity of raw materials for
each assembly (where assemblies consist of many rarts and
subassemblies) . Firsty we wse natursal Join to find the
auantity of raw materisals for each assemblwyy then rrodect on
the "RATY (the recuired raw material ceuantitu?! QTY %x RQ).
After thatr we use eauivaleﬁce reduction to add wue the raw
materials aeuantity for each assemblu. The loor will be
terminated when no linkade items can be crested. The

rrocedure is as followy

relation BOM ori (ASSEMBLY#;SUBASSY#,QTY)
RM on (FART#)3
TEMF on (SUBASSY#sFART#,Q)
RQ on (ASSEMELY#»PART#yTOTQTY)
let RQTY be QTYXQ3

e
et TOTATY be ecuiv + of RATY by ASSEMBLY#,FART#j$

foud

TEMP!= prodect (BOMCSURASSY#1 idoin RMLPART#1)
[ASSEMELY#sPART#,Q13
while (= emety TEMF) do bedin
RQt= prodect (RACASSEMBLYyFART#yRATY1 wdoin
TEMFLSURBASSY#sFART#,Q1)

CASSEMEBLY#»FART#»TOTQTY$

TEMF = grodect (BOMOCSUBASSY#1 iJoin TEMFLSUBASSY#1)

CASSEMEBLY#yFART#»RATY IS

end

The reauired raw materials cuantity for each assembly are stored



i8

in relation RA!

RQ (ASSEMBLY# FART# TOTATY)

T B 2
N R 2
E W 95
E B 1
N R 6
T W ]
N W 15

For instances to make 2 NAND sgate (N) we need two resistorssy

six basesy and fifteen wires.

The relational inner sroduct is evidentlwy a valuable
construct, We use it further in 3 bill~of-materials contemt

in charter C3.,
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c3. Frofit aAnslusis

The informatiorn model which we used to rerresent our

business is as followss

receirts surchase
order equir l
& TN receive
fived assets /
finished doods raw materials

R\\\\\“- assemblw e——”//////

(lsboursrouting)

After we rurchasse raw materisls or sssetsy we receive them.
Raw materisls are stocked until thew are assembled into

finished goods. These are ordered by customers and then raid

for, From this information» 8 sales analusis can be
raerformed.,
Our sales analusis consists of two rarts. In rart oney

we deal with cost and rrofit for each item sroduced. In rart
twor we wuse this to do the rrofit analusis bu each customer
and salesman. We need two rarts becsause the cost of finiéhed
dgoods does not chande verw often., This means we execute the
cost rrodgram only if there is a cost variation. The rrofit

analusis we have to do routirnelw.



C3.1 Profit by rart

When we convert raw materials into finished dHoodsy the
finished doods costs reflect the costs of raw materialse
direct labourr» and routing. These costs associated with
rroduct are referred to as rroduct cost.

The costs of raw materials are recorded a3s the umit costs
at the time of rurchasind. The information of labour time
rerorts and eauirment-use time rerorts are a3lso used in cost
evaluation. Thew serve to accumulate raw materiasl costsy
labour costs and routind costs which contribute to the rroduct
cost.

With all the costs of each subassembly and the bill of
materials (uwhich identifies the finished #goods by subassembly
and comronent number)r we are able to calculate the finished

goods cost.,
The dgrarh shows that the NAND dgate is made of three
N
A\
T R
VA
E B
transistors and two resistors. The +tramsistor is made of one

emitter and one base. The resistors the emittery and the base

are all raw materials.
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For raw materialss onlwy material costs are considered»
because thew are the rrimitive materials ‘which we use as such
during the manufacture. When the raw materials are converted
into finished doodss besides the material costsy labour costs
and ecuirment costs are added to the total cost of the
finished doods.

For examrley each emitter and base cost five and seven
dollars resrectivelwu. To assemble the transistory nine
dollars of labour cost and four dollars of ecuirment cost are
recuired, Therefores the finasl cost of the transistor is
twenty-five dollars., The same rrincirle is arrlicable to the
calculation of the cost of the NAND date.

The rrofit by rart can be calculated simrly by arrluing

the kriown ecuationy srofit = price - cost.

C3.2 Customer and sales rrofit anaslusis

A sales analusis serves to ansluyze the contribution to
rrofit of comrang sales rersonnel and customer. It can be
determinedy for examrles that a8 customer who does considerable
business with 3 comrany does not necessary contribute much of
the overall comrany rrofity because of low dross mardins.

When the finished doods are shirred to the customers a
sales transaction is ~ecorded on & form called ‘“shirment
rerort", This rerort erovides information for +the sales
analusis., Since some items sold maw be returned by the

customery it is essential to make an occasional addustment of
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the rerort. In this way 3 more accurate date of sale can be
obtained, The returned dgoods are recorded in the credit memo.

Combining the adiusted shirment rerort with the finished

goods rrofit recordy we will be able to rroduce the dollasr

erofit analusis rerort by each customer and salesman.

For examrley in the customer srofit rerort!

(CUST# CHRONOL QTY $CSALE $CFRFT)

8 790430 100 800 300
10 790430 6 150 39
17 790430 20 32000 432

] 790430 80 29800 800

The srofit from customer 5 is élmost double than that of
customer 17y althousgh customer 17 boughi more doods in cash
value. This makes customer § &8 better customer. It is
rossible to sell larde auantities of merchandise to customers

and wet not realize much rrofit (for examrles customer 8).



C4a. The Arrlication of Aldat to Profit Analusis
We will describe our sales analwusis rrodgram with examrles

using Aldat.

C4.1 Routing cost

From the routing work time rerorty we first find the
costs of eauirment snd then calculate the routing cost. The
cost of eacuirment rer hour is derived from the relation EQUIF,
which contains only the information total costy salvader life.

The formuls is the followins?

eauirment cost -~ salvade

4654 2654 seve Ge0s Ae0d sose send Goms Soet Gors G0S SUN Seee SESE Ser SeN Si0u Seer PesE PR Sess G0es B4t Suas SeI SH0R GER GOS0 Sees Vesr S0s Sies eees S04s Fese RSNSOI SRO SeSu Ses T0e Fees SesT 4RI SeRe SOIR SeuE Seee

life X work weeks rer uear ¥ work hours rer week

we can writer
let ECOST be (EQCOST - SALVAGE) / (LIFE X S50 X 40);

EQUIFCOST:+ groJect EQUIF CEQUIFP#,ECOSTIS

Let us try some simele data?
EQUIF (EQUIF# CHRONOL EQCOST SALVAGE LIFE)

1 730101 20500 500 10

3

731201 18+500 1+500

4.

3 740810 24,400 400 8
-4 760101 29,000 1,000 7

760601 255000 1,000 10

o



dgives EQUIFCOST (EQUIF# ECOST)
| 1 1.0
2 1.7
3 1.5
4 240
5 1.2

Since we now know the hdurlu cost of each riece of eauirments
we can do 3 natural Join with the relation ROUTINGy which
contains +the record of ecuirment working time. Then we

derive the routing cost.

ROUTING EQUIF

COSTING
FROGRAM

I

ROUTCOST

let RCOST be RTIME % ECOST#
ROUTCOST$+ prodect (ROUTINGLCEQUIP#) i.Join EQUIPCOST

CEQUIP$ 1) COFP#yASSEMBLY#yRCOST 15



The relation ROUTING contains the followirng!

ROUTING (OF# ASSEMBLY# EQUIF# CHRONOL RTIME)

1

3

3

After the oreration

T 4 790215 2
N 3 790215 2
N 1 790215 1

the result of ROUTCOST contains?

ROUTCOST (OF¥ ASSEMBLY# RCOST)

C4.2 Labour cost

From emrlovee

1 T 4.0
2 N 2.4
3 N 1.0

29

time cardsy which are source documents

recording the oreration number and wuse of eacuirment

hours workedy we can simprly det the cost of labour

natural Jdoin with the salary history relstion.

TIMECARD SALHIST

COSTING
FROGRAM

LABOUR
cosT

and

be a3
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Since the salary history file contains all records of

emrlovees salariesy we have to select the most recent salary
for each emrlovee. In Aldatr we write

let SCHRON pe CHRONOL = equiv max of CHRONOL by EMF#3

and then do a selection.
Fof examrlery we have TIMECARD and SALHISTy two

relations which are involved in the labour cost.

TIMECARD (EMFP# CHRONOL OF# EQUIF¥# HOURS OVERTIME)

1 790319 1 4 1
2 790319 1 4 1
3 790319 2 ] 2
4 790319 2 S 2
) 790319 2 ] 1 1

SALHIST (EMP# CHRONOL SALARY OVERSALARY)

1 740507 3 3
2 750101 4 6
3 750101 3 7]
4 760101 3 9
3 771001 4 6
4 771201 9 7
] 781001 3 9
6 781101 2 3
1 790101 9 7



We can write

[

et SCHRON pe CHRONOL= equiv max of CHRONOL by EMF#§

pe—n

et EMFCOST be HOURSXSALARY + OVERTIMEXOVERSALARY:

by LAROUR!+ prodect (TIMECARDLEMFP#] idoin (select SALHIST

CSCHRONI)LCEMF#1)LCEMPRyOP#yEQUIF#yEMFCOST S
It would give us the cost of labour!

LABOUR (EMF¥ OF# EQUIF# EMPCOST)

1 1 4 5
2 1 4 4
3 2 4 8
4 2 5 10
5 2 5 8

C4.3 Finished doods cost

For the finished doods costy besides the labour and
routing costsr we need the cost of raw materials. To rut
these files todether, we use union Joiny in case some costs

are Tero.

LAROUR RAW MATERIAL | ROUTING
cosT casT cosT
| /
MERGE
FROGRAM

COST TAELE




First of 8lly we merde the +two relations LAROUR and
ROUTCOST together. Since we can have more than two
emrlovees working on one orerations we must add ur  3ll
emrlovees’ contribution to each oreration., We use
eauivalence reduction in domain aldgebrad

let LABCOST be eauiv + of EMPCOST by OP#$
by TEMF1!+ prodect ( ROUTCOSTLOF#] wdoin LABOURLOF#1 )

L OP#,ASSEMBLY#sLARCOST,RCOST 1%

givesy TEMF1 (OF% ASSEMBLY# LARCOST RCOST)
1 T ?.0 4.0
2 N 26.0 2.4
3 N 1.0

The raw materials cost RMCOST as diven!

RMCOST (RMPART# CHRONOL $RMCOST)

R 750608 10.0
E 760503 5.0
R 770101 7.0
R 780609 12.0

Since the cost of raw materials stored im RMCOST is a
history relations we have to find the latest cost for each
rart firsty them umion Join with relation TEMF1.

let RCHRON be CHRONOL = eauiv max of CHRONOL by RMFART#:

o

et $LARCOST be ecuiv + of LARCOST by ASSEMBLY#$

—

et $ROUTCOST be equiv + of RCOST by ASSEMELY#j



COSTTABRLE:+ rroJdect ((select RMCOSTCRCHRONI)CRMPART#1]

uJdoin TEMPLIL ASSEMBLY# 1)

It gives the result

COSTTABLE (RMFART# $RMCOST $ROUTCOST $LARCOST)

E 3.0
B 7.0
R 12.0
T 4.0 ?.0
N 3.4 26.0

Nows we have 2 tasble which contains 3ll the information of
costs for each sﬁbassembluy and by natural Jdoin with the
relation BOS, we can rroduce the finished doods cost. The
bill of materials file is used +to breask down finished dgoods
reauirements into subassembly and rfart recuirementsy as

discussed in charter 2.5,

ROM COSTTARLE

FRICING
FROGRAM

FGCOST




Let us illustrate the relation BOM as followsy

BOM (ASSEMBLY# SUBASSY# QTY)

N R .4
N T 3
T E 1
T B 1

We can write
let RMPRICE be eauiv + of (QTY*$RMCOST) by ASSEMBLY#}
let ROTPRICE pe ecuiv + of (QTYXSROUTCOST) by ASSEMELY#S
let LABPRICE pe equiv + of (QTYX$LARCOST) by ASSEMBLY#
Tit= prodect (BOMLCSUBASSY#1 iJoin COSTTABLELRMPART#1)
CASSEMBLY#yRMFRICEyROTFRICELABPRICE]S

which would dive us?

Ti (ASSEMBLY# RMPRICE ROTPRICE LABPRICE)
N 24.0 12.0 27.0

T 12.0

we are not finished vety since NAND date (N) is made of three
transistors (T)., Assembley T dis in turn 3 subaésemblw‘even
though it is derived from other subassemblies. This rroblem

can be solved buy the followind rrocedures
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TEMFCOSTi+ COSTTABLES
while (= emety T1) do besin
TEMPCOST !4+ sroJect (TEMPCOSTLRMFART#$RMCOSTROUTCOST
$LABCOST] udoin TILASSEMELY#sRMPRICE
ROTFRICEsLABFRICEL)
ERMPART#;$RMCOST!$ROUTCOST;$LAFCUST]i

Tl!= proJdect (ROMLCSURASSY#] idJoin TILASSEMEBLY#])

CASSEMBLY#»RMFRICEsROTFPRICEyLARFRICED?

end

The results of the first loor are the followins!

TEMPCOST (RMFART# $RMCOST $ROUTCOST $LABCOST)

E 9.0
B 7.0
R 12.0
T 4.0 ?.0
N 3+4 26.0
N 24.0 12.0 27.0
T 12.0

Ti (ASSEMBLY# RMPRICE ROTPRICE LABPRICE)
N 36.0
The assemblies of T1 maw in turn be subassemblies. Thus the
oreration is rereated until T1 is emsrtu.
In our caser we storred after the second loorr and the

final cost of +the finished dHoods is obtzined in relsation

TEMFCOST ¢



TEMFCOST (RMPART#®

E

2 4 2 ZT = 3 @

$RMCOST $ROUTCOST s$LARCOST)

24,0
12.0

36.0

4.0 2.0
3.4 26.0
12.0 27.0

From the TEMPCOSTs we add ur the costs by ezsch rart!

let FGPART# be RMPART#}

let RMTOT pe equiv + of

let ROTOT pe eauiv + of

$RMCOST by RMPARTSS
$ROUTCOST bu RMPARTS:

let LARTOT be eauiv + of $LABTOT by RMPART#$

let $FGCOST be RMTOT + ROTOT + LARBTOTS

let PERIOD be todaws

FGCOST!4+ prodect TEMPCOST LFGPART#yFERIOD,RMTOT,ROTOT»

FGCOST (FGPART#
E
B

FPERIOD
790320
790320
790320
790320

790320

RMTOT
5.0

7.0

LABTOT» $FGCOST I

ROTOT LABTOT $FGCOST)
940

7.0

4.0 ?.0 25.0

15.4 53.0 128.4
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This eauivalence reduction could be dome within the while

loosy which dgives shorter intermediate results and 3 final

TEMPCOST such as

TEMPCOST (RMFART# RMTOT ROTOT LARTOT)

E 9.0
R 7.0
R 12.0
T 12.0 4.0 ?.0
N 60.0 15.4 93.0

The relation FGFRICE contains?

FGPRICE (FGPART# CHRONOL $FGFRICE)

N 790218 125.0
T 790218 30.0
N 790320 150.0
T 790320 3540
R 790320 15.0
E 790320 8.0
B 790320 10.0

To obtain the srofit bwy each rartr we can simely use the formulas!l

$FGFROFIT = $FGPRICE - $FGCOST. \
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FGCOST FGFRICE

FROFIT
FPROGRAM

FGPROFIT

let PERIOD be todaus

let $FGFROFIT be $FGFRICE ~ $FGCOSTS$ ‘ .

—_—

et

et RECENT be CHRONOL = euiv max of CHRONOL by FGFART#j
FGFROFIT!+ rrodect ((select FGPRICECRECENTI)LFGPART#1

idoin (select FGCOSTLCRECENTI)LFGFART#1)

CLFGFART#yPERIODy $FGPRICEyRMTOT»ROTOTy
LABTOT » $FGFROFITI$

The result would be the following?

FGFROFIT (FGFART# FERIOD $FGFRICE $FGCOST RMTOT ROTOT LARBRTOT $FGFROFIT)

N 790320 150.0 128.4 60,0 15.4 93.0 21.6
T 790320 33.0 23.0 12.0 4.0 ?.0 10.0
R 790320 15.0 12.0 12.0 3.0.'
E 790320 8.0 5.0 5.0 | 3.0
B 790320 10.0 7.0 7.0 3.0 ‘



C4.4 Sales detail

The sales detsil file which

net sales is derived from the

details file.

gshirments and the

SHIPMENT

CRMEMO

N/

ADJUSTING
FROGRAM

SALEDTL

contains the current monthly

credit memo

For shirment detzilss we merde SHIFMENT and SHIFPLINE todethers

ard since thew are bhistory filesy the

reriod must be selected.

SHIPMENT (CUST# ORD# CHRONOL

4

10

17

L

99
101
131
143
105
131
161

101

790212
790301
790309
790321
790419
790420
790428

790430

data for

the current

E_.LAD% SALES#H)

i

44 D ol 3

~

th

NN O o



SHIFLINE (B-LAD¥# FGFART¥ SHQTY)

let SHIFCHRON be CHRONOL:*lastreriod;

SHIPDTL!+ rrodect ((select SHIPMENTCSHIFCHRONI)CR.LAD#I

)

r

R 7 B 2

o

L N O

N

- Z 2N 4 m @[ <4 Z -~ 2Z A -

iJoin SHIPLINECR_LAD#1)

20

S

S5

20

10

30

CCUST#sORD#» CHRONOL » B~LAD¥» SALES#»FGFART#y SHQTY#15

The shirment details now contains?

SHIFDTL (CUST#
8
10
10
17

S

ORD#¥
105
131
131
1461
101

CHRONOL E-LAD# SALES# FGFART# SHATY)

790419
790420
790420
790428

790430

9

6
é6
7
8

?

8
8
7
7

E

T
R
N
T

100



Similaryy
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we can derive credit memo details from CRMEMO and CRLINE?

CRMEMO (MEMO# CHRONOL CUST#

CRLINE (MEMO#

1

2
e

4]

rJ

4}

&)

790301
790319
790401
790419

790425

4

4}

10

FGFART#

ORDE# INVH)
?9 ?0
?9? ?0

101 101

142 103

131 104
CRATY)

1
4
3

let CRCHRON be CHRONOL:lastreriods

CRDTL !+ rrodect((select CRMEMOLCRCHRON])CMEMO#]1 idoin

CRIDTL

rJ

CRLINECMEMO#*1) CMEMO#» CUST#y ORD¥,FGPART#CRQTY 15

(MEMO#

3

LUST#

]

o

10

i0

ORD# FGFART# CRQTY)

101

101

142

131

131
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The shirment details can now be addusted sccording to the credit
memo detailsy by using the addust formuls!

net sales quantity = shirred auantity ~ returned cuantity.

let NQTY be SHIFPQTY - CRQTY:
SALEDTL !+ proJect (SHIPDTLLCUST#,O0RD#yFGFART#1 u.doin
CRDTLECUST#»ORD#+FGFART#1)

CLCUST#,»0RDEFGPART#ySHATY »CRATYsNQTY s SALES#15

SALEDTL (CUST# ORD# FGFART# SHQTY CRATY NQTY SALES#)

] 101 N 3 -3
3 101 T 1 -1
9 142 T 2 -2
8 105 E 10 10 9
10 131 T 4 1 3 8
10 131 R 4 1 3 8
17 161 N 20 20 7
9 101 T 80 80 7

If the net sasles auantity 1s nedstivey thern the wunmatched
credit memo details must be not belons to the current month.
This is because the credit memo details maw contain returned

items which were shirred in the last reriod.
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C4.5 Frofit bw customer and salesman
The rrofit analusis by the current reriod can be rroduced

from SALEDTL amd FGFROFIT.

SALEDTL FGFROFIT

FROFIT
FROGRAM

S

FROFIT

The met sales cuantities which are nedative in SALEDTL
are items sold during the last reriod. For the current
reriod’s salesy we have Lo select the net sales auantitw which

is dgreater than zero.

f

et FFCHRON be CHRONOL = equiv max of CHRONOL by FGFART#$

let CURSALE be NQTY > 0§

“let $SALE be $FGFRICE % QTYS

—t

let $PROFIT he ¢4 "SHROFIT % QTYS

FROFIT:+ prodect (select SALENTLLCURSALEI)CFGFART#]

idoin (select FGFROFITCFFCHRONI)LCFGFART#1)

CCUSTHyFGFART# s NQTY » $SALE» $FROFITy SALES#] 5


http:l...i..tc
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FROFIT (CUST# FGFART# NQTY <$SALE $FPROFIT SALESH)

8 E 100 800 300 4
10 T 3 105 30 8
10 R 3 45 4 8
17 N 20 3,000 432 7

S5 T 80 2,800 800 7

The customer rrofit rerort and salesman rrofit rerart can

be rroduced from FPROFIT.

FROFIT

N

ANALYSIS
FROGRAM

FPROFIT
RY
CUSTOMER

FROFIT
BY
SALESMAN

let FERIOD be todaus

let $SSALE ecuiv + aof $SALE by CUST#s

3

let $CPRFT be ecuiv + of $FROFIT bwy CUST#;

CUSTRF!+ eroJect FROFIT LCUST#,FPERIODsNQATY»$CSALE»$CFRFT13



The customer rrofit rerort contains?

CUSTRP

let $SSALE pe eaquiv + pof $SALE

let $SPRFT be eguiv + of $FROFIT Ly SALES#:

(CUST#

8

10

17

PERIOD
790430
790430
790430

790430

NQTY $CSALE

100 800

6 150

20 35000

80 24800
by SALESH#S

$CPRFT)
300
39
432

800

41

SALERFT!+ groJect FROFIT LCSALES#>FERIOOD,$SSALEy$SFRFTI15

The rerort of salesman rrofit is as followss

SALERPT (SALES#®

We can

of the comrans.

K4
8

7

PERIOD
790430
790430

790430

also analuze the contribution

$SSALE $SPRFT)
80 30
150 39
92800 1,232

let TOTATY pe eauiv + of NQATY by FGFART#;

let

let

$FPARTSALE &t equiv + of $SALE Dy FGPART#+

of rarts to the

$FARTFFT be equiv + of $FROFIT bw FGFART#:

FARTRFT i+ proJect FROFIT CFGFART#,FPERIOD,TOTATY»

$FARTSALE » $FARTFFTI$

rrofit
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FARTRFT (FGFART# FERIOD TOTQTY $$FARTSALE $FARTFFT)

E 780430 100 800 300
T 790430 83 2,905 830
R 790430 3 45 9
N 790430 20 3,000 432

C4.6 Corrections to rrevious sales detail rerorts
Some returned items from last reriod’s sales will show ux
on this month’s credit memo details. Thereforer a2 rerort of

corrections is reeuired.

j—t

et $CRFROFIT be $FGFROFIT X CRQTY;#

ot

et $CR be $FGFRICE % CRQTY3s

CORRECTION:+ proJect ((select SALEDTLLCURSALEI)LFGFART#]

iJoin FGFROFITLCFGFART#1)

CCUSTH#yORD¥» FERIODFGFART#»CRATY »$CRy
$CRPROFITIS

CORRECTION (CUSTH# ORD# FERIOD FGPART# CRQTY $CR $CRFPROFIT)

) 101 790430 N 3 450 64.8
b 101 790430 T 1 35 10.0
? 142 790430 T 2 70 20.0

From this correction rerortr we can g0 back to the arrrorriate

reriod sales detail rerort (see rade 38) and check mamnuallwy.
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K3. The Accounting Arslications
K3.1 Accounting network
We rresent the simrlified accounting network of our firm

from a3 funds flow roint of view!
c
/
/
/

R / — F
‘R\\\\\\\\\\\\\\\\\\ji\\ F//////////////////’//rzf
T\
e

~N

-~
-~ \\
~

GAK . ]

The sccounts in the asbove network arer todether with their

DR <-- CR

bedginning balances as examrle!

Assets lLiasbilities
C Cash 10000 F Accounts rauwable 800
M Raw materiazls 3500 T Taxes ravable 125
A Goods in assemblwy 150 ,
G Finished doods 200 Equity
R Accounts receivable 0
F Fixed sssets 100 E Stockholders’ account 13025

vosn s00s asce iwve ees oove smts wven o e caes erre sane s0ms ree ause
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The network rerresents a8 set of +transactions or summary of
transactions for a reriod. The transactions are marked by
arrows from the account credited to the account debited, The
details of transactions are as follows:?

accounts

debited <-- credited transactions

C Collect accounts receivable

F Faw accounts ravahle
Furchase of raw materisls
Raw material costs
Assembling costs
Cost of doods sold
Gross rrofit on sales
Variable cost chardged to doods in assemblu
(labour ¢osty routing cost)
Furchase of fixed assets
lerreciation of fixed assets
Manufacturing & orerating exrenses
Taxes - ravroll

mmmm DPADODX
mMmO>3ITORN

-~

The arrows marked with broken lines are rossible existing
transactions such as?
6 <-- E Finished doods inventorwy costs
M <-- E Raw material inventorwy costs
T <=~ C Cash raument of taxes at end of gear
but will be ignored in further discussions to simrlifuy the
event. Some transactions are directly involved in  the dailw
running of the firm (esg, cash receirts asnd ravments)y but some
are to be extracted from the dailw oreration. We can keer the
record df transactions seraratelwy derending on their sources
of oreration.

The daily shirment information contains the auantity of
goods sold. If we know the unit cost and eprofit rer itemsr we
can extract the cost of doods sold (R <~-- G) and the dHross

rrofit (R <-- E), In our arrroachy we also extracts further,

the quantities G <—~- Ay 4 <~~~ E and A <-— M,
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From the emrlovees’ salaries and tax deduction
calculastion at esch ray reriods we have the informstion of
total seccrued income taxes (E -~ T) and net salaries (E <-- F
and F <~— C).
The rest of the transactioms shown in the network diasgram
are recorded in serarate relations as thew arise each dauy.
We will summarize 811 transactionsy which were Lkert

serarately,y at the end of the accounting reriod.

K3.2 Srread sheet and financial statements

We will disrlaw the summary of transactions in  an
accounting reriod in the srread sheet with examrles on the
next radge.

The amount srrearing at the intersection of rows and
columns reéresents the total of the transactions debited to
the account named by ihe row head and at the same time
credited to the account named bw the column head. The row suﬁ
rerresents total debit, Af, in the row head account and the
column sum rerresents total credit » A , in the column head
account. We summarize the chandes serarately for Assets and
for Lisbilities and Ecuities according to conventional
aecounting rractice. These chandes in Balance Sheet accounts
(i.e. current deneral leddger balances which summarizes the
total transasctions for the reriod) can be used &8s a rough

arrroach to funds flow anaslusis.



L Srresd sheet

|

CR ASSETS LIARILITIES EQUITY
DR C M A G R F p T E N

c 1122.,00 1122,00
M 580,25 580 . 25
A 2222,00 2404.00 | 4625,00
G 4625,00 4625,00
R 4625,00 960,00 | 5585,00
F | 301,50 301.50
P | 3837.50 383750
.

E 0.42 | 2277.50 472, 2900 , 42
A | 3837.50 2222.00 4625.00 4625.00 1122,00 0.42 | 3159.25 472, 336300

r 46
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Chandes in accounts

(¢ At - A7) ( & - AN
Source Use
Assets Liabilities of funds of funds
C =-2715.50 F ~&78,25 C 2715.50 P 678,25
M ~1641.75 T 472,50 M 1641.75 R 4443.00
A 0 A 0 F 151.08
G 0 Equitw G 0
R 4443.00 T 472,50
F 151.08 & 4462 .58 E 462,58
256.83 256.83 H5292.33 5292.33

The Source and wuse of funds statement can be derived
directly from the funds flow statement as shown above?
decreases in assets and increases in lisbilities or eeuity are
sources of funds, while increases in assets and decreases in
liabilities or equity are uses of funds,

The sum of' flow of funds (summarw of total transactions
for a reriod) with the startind balance sheet dives the final

Bzlance Sheet st the end of this accounting reriod.

Assets Lisbilities
C 7284.50 F 121,75
M 1858.25 T 597.50
A 150.00
G 200.00 Ecuity
R 4443.00
F 251.08 E 13487.58
14206 .83 14206.83

Note that the result balances. To achive this traditional
balance (rather than sum zero) is the reason for treastindg
asset account differently from the lisbilities and equity

under dehit and credit.


http:14206.83
http:14206.83
http:13487.58
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The srread sheet dives the Income statement for the

reriod directly!

Sales (RG + RE) 5585.,00
Cost of dHoods sold (RG) 44625.00
Gross srofit (RE) 960.00
Manufacturing cost and orerating exrenses (EF) 2277 .50

Derreciation (EF) 150.42

VUariable cost charded to dgoods in assembly (AE) ~2403.00

Unabsorbed manufascturing cost and orerating exrenses 24,92
Net income before taxes 935,08
Acceruals of income taxes (ET) 472.50
Net income after tavxes ( E) 442,58

Note that the final smount is Just the chandges in the ecuity
account. Also note that most of the lines in the income
statement are entries in the srread sheet or sums of entries!
these entries 3are not in themselves considered accounts in our
discussion, althoudgh in other discussions thew are. For
rameley salesy cost of doods solds derreciations etc. are
often called Revenue or Exrense accounts.

The income statement can be rewrittem in a more
sustematic form. Note that excert for RG (cost of doods sold)
all exrenses and revenues corresrond to transactions directlu
linked with the eruitw account and RG arrears onlwy because it
is added to RE (dross rrofit) to give the traditionsl revenue

of sales,
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Revenues (column E) Exrenses (row E)
. Frofit (RE) 260,00 Direct
Variable cost (AE) 2403.,00 Maruf. & orer. exr. (EF) 2277.90
Total revenue 3363.,00 Indirect
Taxes (ET) 472,50
Derrecistion (EF) 150,42
Total ex#enses 2900,42

Net rrofit asfter tax 462.58

Figures in the income statement can be given in alternate form
as 8 rercent of total revenues with those from the rrevious
reriod or the same reriod 3 vear ado.

If we summarize the derivation of financial statements

- from the srread sheetr we can swreress the rrocess in a tree

structure as follow!?

Srread sheet

Starting Funds flow Revenue Exrense
e Statement\\A\ /
Balance Sheet Source Income
and statement

use statement



K4, The Arrlication of Aldat to Accountins
K4.,1 Detail file srersration
Cost extraction.

The daily shirment information contains the auantite of
doods sold. We will extract various cost and erofit for
shirred doods wusing 2 file FGFROFIT which contains wunit
rrofits and costs of easch finished rart. Then the extracted
detsil will be kert a3s 38 rermenent filer» SHIFDETAIL» which
caontainsg #srofit and cost rer rarts shierred, This file will be
summarized at the end of accounting reriod for deneral ledder

bu accounting reriod.

SHIPMENT

FGFROFIT SHIFLINE

Cost
extraction
Frogram

SHIFDETAIL




We will extract the informatiorn for sccounts My A and G

-,

<< ecost Extraction Prodram >>»

let LASTIME be last.time’? << the last oreration date >
let FERIOD be todasdgs 4 agesume function todaw e
let CURNT be eaquiv max of CHRONOL by FGFPART#;

let QTY be eeuiv + of SH.QTY by FGPART#;

let QTYFGCOST  bhe QTYX$FGCOSTF << R <~ G and G <-- A =
let QTYRMTOT be QTYXRMTOT: A I L
let QTYVARCOST be QTYX(ROTOT 4 LARTOT )3 A I
let QTYFGFROFIT be QTY X FGFROFIT: 4 R d-- E

SHIFDETAIL:!+ rrodect(((B_.LAD# if CHRONOL:LASTIME in SHIFMENT)
CER.LAD¥] i.oin SHIFLINECE.LAD#1)LCFGFART#1 idoin
(if CRONOL=CURNT in_ FGFROFIT)LCFGFART#]
CFERIODyFGFART#,QTY»QTYFGCOST»QTYRMTOT »QTYVARCOST»QTYFGFROFITI

We will illustrate the last comeutation ster by ster with examele!

SHIFMENT(CUST# ORD¥ CHRONOL E_LAD¥ SALESH)
4 99 790212
9 105 790301
17 131 790329
9 142 790329
8 105 790403
10 131 790403
17 1461 790403
] 101 790403

ONOU D R
SNOCO= bW

SHIFLINE(R.LAD¥ FGFART®# SH.QTY)

1 N 20

2 T 5

2 R 5

3 N 20

3 T 10

4 N 30

4 T 4

4 R é

5 E 10

é T 4

6 R 4

7 N 20

8 T 5

FGFROFIT(FGPART# CHRC.'W $FGFRICE $FGCOST RMTOT ROTOT LARTOT $FGFROFIT)

E 780901 . . . . . .
E 780901 . . . . . .
R 780901 . . . . . .
E 790320 8 5 5 0 0 3
R 790320 10 7 7 0 0 3
R 790320 15 12 12 0 0 3
T 790320 35 25 12 4 9 10
N 790320 150 128.4 460 15.4 53 21,6



We elaborate on two of the subexrressions in the derivation

the SHIFDETAIL.

(a) B.LAD# if CHRONOLXLASTIME in SHIFMENT

This statement rroJdects bill of lading numbers
chronolodgy is dgreater than last time in relation

Therefore if we assume last.time a3z 790402 thern the result

An intersection

B_LAD¥

OOt

E_.LAD# FGFART# SH_.QTY
] E 10
) T 4
6 R 4
7 N 20
8 T S

(b) if CHRONOL=CURNT in FGFROFIT

B_LAD#

_NSOC U

This

is maximums

FGFART#

-2 M

then idoin

SH.QTY CHRONOL ¢FGFRICE $FGCOST

10 790320
4 720320
4 790320

20 790320
9 790320

rroJdected final result!

8.00
35.00
15.00

150.00
35.00

5.00
25.00
2.00
128,49

25,00

( assume fTunctions

statement will select turles in FGFROFITy

52

of

B.LAD¥y if
SHIFMENT.

L
1% e

Join of this with SHIFLINELR.LAD#] would be!

which chronolosy

with above resrect to FGFARTH#!

ROTOT LARTOT $FGFROF

RMTOT

95.00 Q.00
12,00 4.00
12,00 0.00
60.00 15.40
12,00 4,00
790403,

0.00
9,00
0.00
53,00
?.00

FERIOD FGFART# QTY QTYFGCOST QTYRMTOT QTYVARCOST QTYFGFROFIT
790403
790403
790403
790403

23D —m

10 50
9 225
4 48

20 2568

108

1200

0

117
0

1368

432

3.0¢
10.0¢
3.0¢
21.6(
10.0¢

Arril 33,1979 )



Fawroll Summarw

. We calculate tax deductions for each emrlovee at each raw
reriod. We use the saslary historw filer SALHISTy and the tax
deduction tables TAXTABLEs for calculation and the result will
be kert in SALDETAIL, which will be summarized at the end of

each accounting reriod,

SALHIST TAXTABLE

Fauroll
SUMMSTY
. rrogram

SALDETAIL

< Pavroll Summare Frogram >
let LATESTSAL be eaquiv max of CHRONOL bw EMFP#3

let LATESTRATE be ecuiv max of CHRONOL bhw FLOOR;:

let TAX be RASE + (SALARY - FLOOR) X TAXXZ § << E <-—= T =X
let NET be SALARY - TAXS S P G- € oand E e P
. let FAYDATE be raudays <4 gesume function on raudawy >

SALDETAIL I+ prodect(( if CHRONOL=LATESTSAL _in SALHIST )L SALARY 13
lodoin ¢ if CHRONOL=LATESTRATE _in TAXTABLE )L FLOOR 1)
[ FAYDATEy EMF#» SALARYs TAXs NET 1




( assume furction om Arril 15y 1979 )

SALHIST( EMF# CHRONOL SALARY )

R X e

TAXTARLE( FLOO
350
400
450
500
400
450
500

(a) if CHRONL=LATESTSAL 4in SALHIST

will give!

LATESTSAL
751119 250 770513
760601 3350 770513
770301 400 770301
7703513 500 770513
780801 400 780801
R CHRONOL BASE TAXX ) LATESTRATE
740101 30.00 20 740101
740101 60.00 20 740101
740101 72.50 30 770101
740101 87.50 35 770101
770101 60.00 30 770101
770101 75.00 35 770101
770101 ?2.50 40 770101
EMF# CHRONOL SALARY LATESTSAL
1 770513 900 770513
2 780601 475 780601
3 780801 400 780801

(b) if CHRONOL=LATESTRATE in TAXTAEBLE

will dive!

low rande .oins

FLOOR CHRONOL
350 740101
400 770101
450 770101
500 770101

lodoiny

of above

to SALARY and FLOOR will be!

EMFE ... SALARY FLOOR ..

1

2

3

500 300
4735, 450
400 400

two

RASE TAXX LATESTRATE
90.00
60.00
75.00
?2.50

20 740101
30 770101
35 770101
40 770101

samerle (8) and (b)) resrect

BASE TAXX
?2.50 40
73.00 35
60.00 30

and eroJect with following domains will be the final result.

FAYDATE EMF#
790415 1
790415 2
790415 3

SALARY
300
475
400

TAX
?2.50
83.75
60.00

NET
407,
391.
340 .

20

25

00

( TAX of EMF#2 = 73 + ( 473 - 450 ) %X 357100 = 83.75 )



K4,2 Accounting reriod summary

This is a2 conventional rosting erodram. All transactionsy
which were hkesrt serarately durindg the reriod, will be
summarized into the srread sheets» SPFREAD.

We will introduce the summare rerodgram in sections to
illustrate related Aldat statements at the same time. We
collect each data into temrorarwy relation SUMMARY first» then

vwe store the summarws of SUMMARY into rermanent file SFREAD.

6
EQUIF
(ASSETS)

v 5
RECL INE
(RECEIFTS)
4
CASHOUT (
. | 3
CASHIN (
2

SALHETAH_/

SHIFDETAIL

Y

Summary
Frogram

SFREAD




Spmmara Frodram - 1! SHIFDETAIL

We will illustrate with our examerle SHIFDETAIL?

(CHRONOL. FGFART# QTY QTYFGCOST QTYRMTOT QTYVARCOST QTYFGFROFIT)

790330
790403
790403
790403
790403
790420
790430

(Assume function at Arril 30,1979%

5
10
¢
4
20
18
10

Z~4Z2 M

35 35
S0 S0
225 ‘ 108
48 48
2568 1200
4590 216
1284 600

L Gummary of SHIPDETAIL >

f
L3
o

ot
o
o

TFGCOS

ot
m
o

TRMTOT

TVARTO

it
o
ok

TFGFRO

et et
m ]
&

it
21}
o

ot
D
o

et
[1:]
s

Yot
i3]
&

et
D
ﬂ-

LASTFERIOD be lastdaus

T be redt of QTYFGCOSTS

he

edt of QTYRMTOTS

e req

T be redt+ of ATYVARCOST;

FIT be red+ of QTYFGPROFIT;
ACCTR he ‘R’;
ACCTG be G’}
ACCTA be ‘A’
ACCTM be ‘M’

ACCTE be ‘E’j

o

<4 agecount RO
<+ aecount 6
<o gocount A &

<% aecount Mo

<< account E =

RECENT be CHRONOL > LASTFERIODG?

% lastdaw of

1

0
0
117
0
368
234
484

15
30
?0
12
432
180
216

last accountin
X R - G & G e
44 A H-— M R
LA e Bk
A e

CURNTDATA!= select SHIFDETAILL RECENT 13

SUMMARY : +
SUMMARY 3 +
SUMMATY 4+
SUMMARY : +

SUMMARY ¢+

FroJect

rroJect

rroJect

rro.ect

rroJect

CURNTDATA [ ACCTR,
R

CURNTDRATA [ ACCTG»
G

CURNTDATA [ ACCTAy
A

CURNTDATA [ ACCTA»
A

CURNTDATA [ ACCTRy
R

ACCTGy
G

ACCTAY
A

ACCTM»
M

ACCTE »
E

ACCTE »
E

TFGCOST 13
4625

TFGCOST 135
4625

TRMTOT 1%

222
£ Al e e

TVARTOT 1%
2403

TFGPROFIT
9460

13

lastdaw as March 31+,1979)

A

-

RECENT
0
I -
1

- b e

reriod &>
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Summary srodram ~ 2! SALDETAIL
The relation SALDETAIL contains detailed savment of salaries
and tax deductions at esch rauday,
We will illustrate the ster with examrle?

SALDETAIL( FAYDATE EMP¥# SALARY TAX NET ) CURNTPAY

790331 3 400 60.00 340.00 0
790415 1 300 92.30 407.50 1
790415 2 475 83.75 391.25 i
790415 3 400 60,00 340.00 1
790430 1 500 ?2.30 407.50 1
790430 2 475 83.75 391.25 1
790430 3 400 60.00 340.00 1

5 Summary of SALDETAIL =
let TOTAX be redt of TAX? << E “—— T >

let TOTNET be red+ of NETS << P <~ 0 & E <=~ P >

let ACCTC be “C’5 w4 aecount C »x

let ACCTF be ‘F’5 <% account F -

let ACCTT be “T’3 i aecount T

let CURNTFAY be FAYDATE > LASTPERIOD:
++ select 811 turles with CURNTPAY is true >
CURNTDATA!= select SALDETAILL CURNTFAY 1%

SUMMARY !+ rroJect CURNTDATAL ACCTEs ACCTTs TOTAX 1§
E T 472.50

SUMMARY {4+ prodect CURNTDATAL ACCTFs ACCTC» TOTNET 13
F c 2277.50

SUMMARY !+ rroJect CURNTDATAL ACCTEs, ACCTFy TOTNET 14
E. P 2277.50



Summary rrodgram - 3 & 4! CASHIN and CASHOUT

The detail relation CASHIN contains daily tramsactions of
cash debit and accounts receivable credit information. The
relation CASHOUT contsins dailw transactions of asccounts rauable
debit and cash credit information. We illustrate the oreration

with examrles.

CASHIN( INV# CHRONOL $AMT ) RECENT - TOTAMT
790330 100
790331 S0
790401 80
790401 120
790421 850
790429 29
790429 15
790430 32

1122
1122
1122
1122
1122
1122

WND OGN =W
R T S W e R ]

< Summarwy of CASHIN »-
let TOTAMT be red+ of $AMTS

SUMMARY 1+ rrodect( select CASHINLRECENT] )LACCTCy ACCTRs TOTAMTIH
c R 1122

CASHOUT (B..LAD# VEND# CHRONOL $AMT) RECENT TOTAMT

Bl Vi 790331 100 0

BS Vi 790331 800 0

B2 Vs 790401 350 1 1560
B3 V3 790401 110 1 1560
B6 Va4 790428 1000 1 1560
R4 V4 790430 20 1 1560
k7 v2 790430 80 1 1560

<< Summary of CASHOUT >

SUMMARY {4+ rroJdect( select CASHOUTLCRECENTI )LACCTFy ACCTCy TOTAMTI?
F C 1560
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Summary rrodram - 5! Receirts ( RECLINE )
The detail relation RECLINE contsins the rurchase cost of
the received raw material or assets;‘ We assume that we can
distinguish it from 3 domain in RECLINEs CLASS - M for raw

materialy F for fixed assets.

% Summary of RECLINE >
let TOTCOST be eauivt of FURCHASECOST by CLASS?

SUMMARY !+ rrodect( select RECLINE [ RECENT 1 )
L CLASSy ACCTF» TOTCOST 1%

where CLASS and ACCTP corresronds to accounts to be debited
and accounts to be credited resrectivelw. UWe illustrated the

above with the following examrle RECLINE!?

UNIT FREIGT PURCHASE

(B_.LAD%# VEND# CHRONOL FPART# QTY FRICE RATE cosT CLASS) TOTCOST

R1 Vi 790331 123 30 0.50 0.01 15.15 M

B2 V2 790401 070 1 200,00 0.003 201.00 F 301 .50
B3 V3 ‘790415 208 500 0.50 0.01 252.50 M G80.25
R3 V3 790415 103 200 1.00 0.01 202.00 M 980.25
B3 V3 790415 100 2 350,00 0.005 100.50 M 980.235
E4 V4 790415 010 1 100.00 0.005 100,50 F 301.50
BS Vi 790429 123 30 0.50 0.01 15.15 M 980.25
BS Vi 790429 110 100 0.10 0.01 10.10 M 980.25
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Summary rrogram - 61 EQUIF (Assets)
We will show fixed assets derreciztion calculation using

straidght~line method.

Cost ~ Salvadge value accounting reriod in month

400 coen 2003 4010 sa0n 4ate Seee sent $046 G4ss SHSE SULS S0XS deme Sece Sase Veee SRS Snas Smse Sbea Bete x amn save 4400 0sa orep Swe $003 4906 Sawe sent Sosd eute Hbe OB S144 SEvE S4e0 B4 HeeR Gres Saew SuRE bvew S040 Sres 00e SaNS 00e

Service life in wears ~ 12

(accounting_reriod_ in_month should be sredetermined value)

<4 Summary of EQUIP >x

let ACCTPERIOD be accounting.reriod.in.months

—

let DEFRE be (EQCOST -~ SALVAGEVAL)XACCTFERIOD/(LIFEX12)3

==

let TOTDEFRE be red+ of DEFRE? LA A
<% consider the assets currently in service &>
let CALCULATEDEFRE QQ_FERIDD <= DNISCARDATE
let ACCTF be ‘F’s << account F 3>

SUMMARY !+ rproJect( select EQUIFL CALCULATEDEFRE 1 )
L ACCTEs ACCTF» TOTDEFPRE 13
E F 150.42

We illustrate the sbove rrocess with an examrle which shows the
basic domains which are necessary for illustration.
(assume accounting reriod as ome month and the comrutation is

for Arril 30y 1979 - 790430)

The samrle relation EQUIF?

SALVAGE DISCAR CALCULATE
(EQUIF# CHRONOL EQCOST LIFE VAL DATE ) DEFRE DNEFRE

E1 730101 10000 10 900 830101 1 79.17
E2 731201 300 ] 20 781201 0

E3 750504 2000 20 300 950504 1 35.42
E4 760101 4500 10 200 860101 1 35.83



\
\
All alons,

file. We can

SUMMARY ( ACCTIIR  ACCTCR
R

mIXMITOMITMIDD O
MOV ODBVOSAMMI DO

¥ Note that there are two F

AMT
44625.00
4625.00
2222.00
2403.00

?260.00

472.50
2277 .50
2277.50
1122,00
1560.00

301.50

980,25

150.42

)

Lo Ty

TOTAL
4625.00
4125.00
2222.00
2403.00
260,00
472.50
3837.50
2277.50
1122.00
3837.50
301.50
980.25

150.42

orne from ravroll and one

from cash raumentsy in above illustration.

Now we

assuming todaw is Arril 30y

let FERION be todaws

let TOTAL be eauiv+ of AMT bu (ACCTDRs ACCTCR);

1979,

SFREAD !+ rrodect SUMMARYL FERIOIDY

790430
790430
790430
790430
790430
790430
790430
790430
790430
790430
790430

790430 -

ACCTIR
R G
G A
A K
A E
R E
E T
P C
E P
c R
F P
M P
E F

we have collected all transactions from

ACCTCR »

61

each detail

summarize it and illustrate with the same examrle

TOTAL D
4625.00
4625.00
2222.00
2403.00

260.00

472.50
3837.50
2277.50
1122.00

301.50

980.25

150.42

illustrate the contents of SUMMARY with our examsles.



The rermanent relation SFREAD has lavers of information

as follows!?

SFREAD( PERIODy ACCTDR» ACCTCR» TOTAL )

790131 transactions in Jan.79
7920228 transactions in Feb.79
790331 transactions in Mar.79

L + +

790430 +transactions in Arr.79
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K4,3 Firnancial rerorts

The Perincirle relstion is SFREAD (3 summary of all
transactions for each reriod)y with some surrorting
information in TYFE (account tures - Assety Lisbilitwyy Ecuity
- and descrirtions) and TRANS (ledgal tramnsactions and their
descrirtions -~ the torolodw of the accounting network).

We rresent the derivation of the basic financial rerortse
Fund flow statement -~ Sources and wses statementy Ralarce
Sheety Income statement.

urto last reriod

FUNDFL.OW
SFREAD
TRANS TYPE
y ¥
Financial
rerort
rreraration
Frogram
current dsta merded _
~ \\\\\\\
-~
FUNDFL.OW :
Fundflow Sources Balance Income
Statement and Uses Sheet Statement
Statemen




b4
Funds flow statement
We select all transactions of current reriod from SPREAD.

The FUNDFLOW is really the balance of the current reriod of

the SPREAD sheetr» with signs adJusted for assets or lisbilites

and eauities.

fa

et RECENT be CHRONOL > LASTPERIODj?

et PERIOD be todaus << assume function todaw >>
let TOTIN be ecuiv + of TOTAL by ACCTDR;S

let TOTOUT be eauiv + of TOTAL by ACCTCR}

s
>

let FF be if ACTYPE='Asset’ then TOTIN - TOTOUT else TOTOUT -~ TOTINS

CURNTSFREAD!=proJect(select SFREADLRECENTI)CACCTDRsACCTCRyTOTALI}

#UNDFLOW3+ rroJect (((grodect CURNTSPREAD CACCTDR»TOTINI)LCACCTDRI
uJoin (proJdect CURNTSPREAD LCACCTCRsTOTOUTI1)LACCTCRI)
CACCTCR] iJoin TYPELACCTI)LACCT»ADESCR»ACTYPEsFF13$

The eprinted funds flow rerort might omit the ACCT numbers

which is an internal identifiery and rrint only the descririon of

the accounty ADESCR.

We can illustrate this last computation ster buy ster from cur examrle!

CURNTSPREAD( ACCTDR ACCTCR TOTAL )

c R 1122.00
M P 580,00
A M 2222.00
a E 2403.00
G A 4625,00
R G 44625.,00
R E 960,00
F P 301.50
P c 3837.50
E F 150.42
E P 2277.50
E T 472.50

proJect CURNTSPREADCACCTDR» TOTINI rroJect CURNTSPREADCACCTCRY

c 1122,00 R
M 980.25 F
A 45625.00 M
G 4625.00 E
R 9585.00 A
F 301,50 G
P 3837.50 c
E 2829.18 F

T

TOTOUT]
1122,00
3159.25

§2222.00

3363.00
4625.00
4625.00
3837.50
150.42
472,30

-
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uJdoin on ACCTDORYyACCTCR?
ACCTCR
ACCTDR TOTIN TOTOUT
C 1122,00 3837.50
M 580,25 2222,00
A 44625.00 4625.00
G 44625.00 4625.00
R 5585.00 1122.00
F 301.50 150.42
P 3837.50 3159.25
T ‘ 472,50
E 2829.18 3363.00
iJdoim with TYPE?
TYPE(ACCT ACTYFE ADESCR ) { Chart of asccounts )
C Asset Cash
M Asset Raw material
A Asset Goods in assemblw
G Ascset Finished doods
R Asset Accounts receivable
F Asset Fixed assets
P lLisbilitw Accounts rauable
T Liabilitu Taxes radable
E Equitw Stockholders’ Euity
Final result?
FUNDFLOWC ACCT ADESCR ACTYPE FF )
C Cash Asset -2715.50
M Raw material Asset ~-1641.75
A Goods in assembly Asset 0
G Finished soods Asset .0
R Accouvnts receivable Asset 4463 ,00
F Fixed assets Asset 151.08
F Accounts ravable Liability -678.25
T Taxes rawable Lisbilitw A472.50
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Sources and uses statement
The Sources and uses statement, SORUSE: is 2 rearrandement
of FUNDFLOW. Decresse in assets and increases in liasbilities
are sources of funds. The orrosite is use of funds,

let SUAMT be sbs(FF)j
let SU be if ACTYFE='Asset’ and FF <= 0
or ACTYPE='Asset’ and FF > 0 then ’‘Source’ else ‘Use’s

SORUSE !+ rrodect FUNDFLOW [ ACCT» ADESCR» SUAMT» SU 13

the result would be!

SORUSE( ACCT ADNESCR SUAMT su )

C Cash . 2715.30 Source
M Raw material 1641.75 Source
A Goods in assembly 0 Source
G Finished doods 0 Source
R Accounts receivable 4463.00 Use

F Fixed assets 151.08 Use

F Accounts rawable 678.25 Use

T Taxes ravable 472,50 Source
E Stockholders’ equity 462.58 Source

Balance Sheet

Starting adain with SFREADy we can extract BALANCE. We use
entire contents of SFREADy instead of the current reriod of SPREAD.
let RAL pe TOTIN - TOTOQUTS

let DRCR be if BAL > 0 then ‘IR’ else "CR’j
let ABSERAL be abs(RAL)S

BALANCE !+ rrodect((rrodect SFREADLCACCTDR»TOTINI)LCACCTDRI
uJdoin (=roJect SPREADCACCTCR»TOTOUTI)LACCTCRI)
L ACCTCR» BAL 135

This dives totsl baslance assuming zZero starting balance.

BALANCESHEET8+ rrodect( TYPELACCTI udoin BALANCEL ACCTCR 1)
L PERIOD, ACCT» ADESCR» ARBRSRAL» DRCR 13

The result would be 3 traditiornal Ralance Sheet. Derending on
DRCRy if it idis ‘IR’ then srint the balamce at left otherwise
erint it at rights This is eractically the same as FUNDFLOW,

excert for the range of reriod selected.
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Income statement
The INCOME statement derivation is more easilw understood
if srlit into 3 derivation of REVENUE and EXPENSE. The
revenues are dgiven by the columns of ecuity sccounts and
exrenses are given by the rows (see the matrix rerresentation
of seread sheét of one reriod in rade 446).
To det REVENUEy we select the E column of the SFREAD
sheet for the current reriody and to add descrirtion of the
transactiony Join it with the E column of TRANS ( the ledal

transactions according to our sccounting network)

TRANS(ACCTOR ACCTCR TRESCR )
G R Collect Accounts receivable
M F Purchase of Raw materials
A M Raw material costs
A E Variable costss charded to acc. A
G A Assembling costs
R E Gross rrofit on sales
F F Furchase of Fixed asssets
P C Faw Accounts ragable
E F Derreciation
E F Manufacturing & orerating exrenses
E T Tarxes - Fauroll

let CRE be ACCTCR='E’S$

REVENUE !+ (rroJdect(select CURNTSFREADRL CRE 1)LCACCTDR»TOTALI)
CACCTDR] iJdoin ( select TRANSE CRE 1 )L ACCTDR 13

Similargyy EXFPENSE
let DRE be ACCTDRR='E’;}

EXFENSE+(rroJdect(select CURNTSFREADL DRE 1)LCACCTCRyTOTALJ)
CACCTCR] idoin ( select TRANSL DRE 1 )L ACCTCRIj
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The INCOME ststement is +the umion of these twosr suitasbly
fladded 8s revenues or exrensesy Wwith the net changes in
eauity (which we can det from the FUNDFLOW). We indect 3 new

descrirtion for the srofit and loss line.

fo
L]
faad

REV be ‘Revenue’}
EXP be ‘Exrense’s
FFE be ACCT='E‘5S

EE!

let FL be if FF »= 0 then ’‘FProfit’ elﬁa. ‘Loss’ s
let FLDESCR be ‘Net’ g PL )| ‘after Tax’
let FLAMT be abhs(FF)»

INCOME:+ proJdect ((REVENUELCACCTDR, TDESCRy TOTALyREV] wloin
EXPENSELCACCTCR» TDESCRs TOTAL yEXP1)LACCTCRy TOESCRy TOTAL yEXF ]
wdoin (proJect(select FUNDFLOWLFFED)CACCTyFLDRESCRyFLAMTFL 1))
L ACCT» TDESCRy TOTAL» REV 15

The INCOME statement looks like as follows if we use our example!
INCOME( ACCT TRESCR | TOTAL REV )

A - Varisble costs charded to acc. A 2403,00 Revenue

R Gross rrofit on sales ?60.00 Revenue
F Derreciation 150.42 Exrense
F Manufacturing & orerating eurenses 2277.50 Ewxrense
T Taxes ~ rauroll 472,30 Exrense
E Net Profit after Tax 462,58 Frofit

The rrinted income statement might omit ACCT number which is
an internal identifiery and rrint only the rest.

For 2 more elaborate income statement, see extensions.
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K4.4 Fimanacial rerorts - extensions
The relstion FUNDFLOW which we derived in  the rrevious
discussion is reallw the chandes in our Balance sheet accounts
during an sccounting reriod. If we had stored each monthly
result of funds flow calculation in FUNDFLOWs then the entire
contents of FUNDFLOW» which oridinated when the firm is
establishedy would dive the firm’s financial rosition at this
time - Balance sheet at todaw. Dependins on the seiection of
dater we can calculate the firm’s financizl rosition at»anu

divernn time.

Comrarative balance sheet

We will demonstrate the derivation of Comrarative BRalance
sheety which cbnsists of the item amounts from two of the
firm’s successive Ralance sheets and the same reriod & wear
ado arrandged side bw side in 8 sindle statement.

We sssume the FUNDFLOW was stored as

FUNDFLOW( FERIODy ACCTy FF )

For illustration surrosesy we assume the dates we are
interested in are at Dec.31,1978 (31/12/78) and 31/12/77» and

assume function at 31/705/79.

ot
s
o+

TONOW be FERIOD <= todawyi <4 assume function today

|

= s
f"'uftllfﬁ
o+ Job o+

ot
34
ﬁ-

TO77 be PERIOD <= end77) 4 ur to end of wear 77
UFTONOW be ecuivt of FF by ACCTS << total baslance by ACCT
UFTO78 be UPTONOW: << total balance ur to end of ‘78 »x
UFTO?7 be UFTONOW: << total balance ur to end of ‘77 i
FF79 be UFTONOW? < chandges in ‘79
FF78 be UFTONOWS <3 chandes in ‘78 >
FERCENT?79 be FF79X100/UFT0O785

<4 rercentade of changes during Jan - Mau
FERCENT?78 be FF78X100/UFTO077% << rercent. of chandes dur.
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JANMAY79 be TONNW and FERIOD > end785% w4 Jan - Maw ‘79 x>
TO78 be FERIOD '~ end78j <4 ur to end of ‘78 >
JANDEC78 be T078 and FERIOD > end773 <4 during the ‘78 &k

.

‘79
‘78 i
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COMPARATIV!+ prodect ((((((zroJect TYPEL ACCT+ADESCR 1)L ACCT 1
uJdoin (rrodect FUNDFLOWE ACCTsUFTONOW 1)C ACCT 1)L ACCT 1
uJdoin( rroJdect( select FUNDFLOWL TO?8 J1)CACCTS,UFTOZ81)LCACCTI)
LACCT] udoin(rrodect(select FUNDFLOWLTO7?1)LACCTyUFTO771)LACCTI)
CACCT] udoin(rrodect(select FUNDFLOWLJANMAY7?1)LACCTFF791)CACCTI)
CACCT] uwdain(rrodect(select FUNDFLOWLJANDEC781)LACCT»FF781)CACCTT)
CACCT s ADESCRsUFPTONOWs UPTO78yUPTO77 yFF79+FERCENT7?yFF78yPERCENT781

Tt T 1 | —
balances of accounts increase or decrese

at rresent during Jan - Maw ‘79

vear ended Dec.31»1978 amount

wear ended Dec.31,1977 rercentasde

‘ during 1978

amount,
rercentade

Income statement - extension 1
The figures on the income statement can be given in an

alternate form as a rercent of total revenues. We will show
the rrocess for the income statement for the wear ending todaw
using the same technicue as before. We summarize

SFREAD( PERIODy ACCTDR» ACCTCR» TOTAL )
which is a8 collection of monthly summaries of all trensactions.
let TAMT be eauivt of TOTAL by (ACCTDR:» ACCTCR)

<< let CURNTYEAR be FERIOD > lastdawi >
SPREAD.Y!+ rroJect( select SFREADL CURNTYEAR J1)CACCTDRyACCTCRy TAMT]

Now we derive the revenue for the wear

let CRE be ACCTCR=‘E’3}

REVENUE_Y!+ srodect((rrodect(select SPREAD.YLCREJ1)LACCTDRsTAMTI)
[ ACCTDR 1 iJoin ( select TRANSC CRE 1)L ACCTDR 1
[ ACCTDRs TDESCR» TAMT 13

We need the total revenue to calculate the rercentade.

let TOTREV be red+ of TAMTS

let BLANK be ‘ ‘%

let REVIDESCR be ‘Totasl Revenue’j{

TOTALREV?!+ srodect REVENUE_YL BLANK» REVDESCRy TOTREV 1%

REVAMT !+ rrodect TOTALREVL TOTREV 1% << sindle valued relation >

We will use REVAMT to calculate rercentadge later.
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let DRE be ACCTOR=‘E’}
EXPENSE.Y:+erodect( (srodect (select SPREAD_YCDREI)CACCTCR», TAMTI)

CACCTCR] idoin (select TRANSLCDREI)CACCTCRI)
L ACCTCRy THDESCR» TAMT 1;

We dget total exrenses

let EXPDESCR be ‘Total Exrenses’s
let TOTEXF be redt+ of TAMTS

TOTALEXFi4+ prodect EXFENSE.YL BLANK: EXFIDESCRy TOTEXP 15
The usual income statement of the wear is the union of REVENUE_Y»
TOTALREVy TXFENSE.Yr TOTALEXF with the netchasnges in eauitw which

we can  dget from FUNDFLOW.YEAR. Thers we make Cartesian rroduct

with total revenue REVAMT.
let TOTFF be eeuivt of FF by ACCT:

FUNDFLOW..YEAR !+ rrodect( select FUNDFLOW [ CURNTYEAR 1)
L ACCT» TOTFF 133

let FFE be ACCT=‘E’;

let PL be if TOTFF »= 0 then ‘Frofit’ else ‘Loss’{ .
let PLDESCR be ‘Net’ || FL|| ‘After Tax’s

let FLAMT be abs(TOTFF)3

INCOME_Y!+ rrodect(( REVENUE.YL ACCTDRs TDESCRy TAMT 1 uJdoin
TOTALREVL EBLANK» REVDESCR» TOTREV 1 u.Join
EXFENSE..YL ACCTCRy TRESCR, TAMT 1 uJioin
TOTALEXFL BLANKy EXFDESCRy TOTEXF 1 udoin
(rrodect(select FUNDFLOW.YEARLC FFE 1)L ACCT» PLIDESCRy FPLAMT 1)
L ACCT» PLDESCRy» FLAMT 1) sroduct REVAMT)
L ACCTy TOESCRs TAMTs TOTREV 1%

Finally we can get the income statement of the wear ending today

with figures on rercent of total revenue.

>

let FPERCENT be 100XTAMT/TOTREVS

INCOME.FERCENT !+ proJect INCOME.YL ACCTs TDESCR» TAMTs FERCENT 1%

We illustrate the final ster with the rrevious examrled



The relationy

¢ ACCT
A
R

Income
¢ ACCT
A
R

INCOME.Y» would be
TDESCR
Variable costs charded to
Gross errofit on sales
Total Revenue
Desreciation
Manufacturing & orerating
Taxes - rauroll

Total Exrenses

Net Frofit After Tax

statement with rercent of
TODESCR

VUsriable costs charded to

Gross rrofit on sales

Total Revenue

NDerreciation

Manufacturing & orerating

Taxkes — rpayroll

Total Exrenses

Net Profit After Tax

as follows?
TAMT
accs A 2283.00
?260.00
3243.00
79.18
exrenses 2277.50
472.50
2829.18

413.82

total revenuesy
TAMT

accs A 2283.00
260,00
3243,00
79.18
exrenses 2277.50
472,50
2829.18

413.82

TOTREV ) FERCENT

3243.00 70.40
3243.00 29.60
3243,00 100.00
3243.00 2.44
3243.00 70.23.
3243.00 14.57
3243.00 87.24
3243.00 12.76

INCOME .PERCENT$

FERCENT )
70.40
29.60

100.00

2,44
70.23
14.57
87.24

12.76

The rrinted income statement might omit ACCT rmumber which is an

internal identifiery and erint only the rest.
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Income statement - extension 2
The comrarative income statement with the amount of
increases or decreases and their rercentades can be derived
with the same technieue used +to rrerare the Comrarative
Balance Sheet. Now we will derive the Comrarstive Income
Statement using QAT-exrressions which are self exrlaznatory and
it is easw to see the rrocess.
We will disrlay asmounts for the current monthy Maw 79,
the last monthy Arril ‘79, the same month as the current month
8 wear ador Maw ‘78y the chandes and the rercentade of

chandes.

Note that the relations are stored as follows!?
SPREADC PERIODy ACCTDRs ACCTCRy TOTAL )

FUNDFLOW( FERIOD ACCTs FF )

let ENDMAY79 be end_of_Maw’79}
let ENDAFR79 be end.of._Arril’79;
let ENDMAR79 be end.of_March’79j
let ENDMAY78 be end._of._Maw’783
let ENDAFR78 be end._of_Arril’783
let TOTAL1 be TOTAL;

let TOTAL2 be TOTAL

REVENUE :+(((ACCTOR» TOTAL
and ACCTCR=’

”l'-‘.;

in SFREAD )L ACCTDR 1 udoin

ENDMAY79:=FERIOD and FERIOD-ENDAFR79

(ACCTIR» TOTALL if ENDAPR79:=FERIOD and FERIOD-ENDMAR79
and ACCTCR='E’ in SFREAD )L ACCTDR 1)L ACCTDR 1 udoin
(ACCTORs TOTAL2 if ENDMAY78>=FERIOD and FPERIOD:ENDAFR78
and ATCTCR='E’ in SFREAD )L ACCTDR 1)L ACCTDR 1 idJoin
i

l

l

-*

(ACCTDR» TRESCR ACCTDR=‘E’ Ain TRANS )L ACCTDR 13

l

%

EXPENSEt+(((ACCTCR»TOTAL i
and ACCTDR='E’ in SPREAD ) udoin

ENDMAY79:=FERIOD and PERIOD:ENDAFR?79

(ACCTCRsTOTAL1 if ENDAFR79>=FERIOD and FERIOD: ENDMAR??

and ACCTOR=‘E’ in SFREAD )L ACCTCR 1)L ACCTCR 1

(ACCTCRTOTAL2 if ENDMAY78>=FERIOD and FERIOD:-ENDAFR78
and ACCTDR=‘E’ in SPREAD )L ACCTCR 1L ACCTCR 1 iJoin

(ACCTCR» TDESCR if ACCTIOR=‘E in TRANS YL ACCTCR 1%
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let FF1 be FF3

—

et FF2 be FF3

et NDESCR be ‘Net Income’s

Py [

NETIN:+H(((ACCT:FF if ENDMAY79:>=PERIOD and FERIOQD:ENDAFR79
and ACCT='E’ in FUNDFLOW )C ACCT 1 yJdoin
(ACCTyFF1 if ENDAFR79>=PERIOD and FERIOD:>ENDMAR7?
and ACCT='E’ in FUNDFLOW )L ACCT 1)L ACCT 1 udoin
(ACCTyFF2 if ENDMAY78>=PERIOD and FERIOD:>ENDAFR78
and ACCT='E’ in FUNDFLOW )L ACCT 15

[
24}
o+

INC1 be TOTAL - TOTAL1L;

<< amount of inc./dec. during ENOMAY79:>=PERIOL-ENDAFR79 >
FERCNT1 be INC1X%X100/TOTALL:
¢ rercentadge of inc./dec:s during ENIMAYZ9:=FPERIOQD:ENDAFPR7Y =&
INC2 be TOTAL1 ~ TOTALZ2S

<% amount of inc./dec. comasrre with same reriod a wear ado >i
let PERCNT2 be INC2%X100/TOTALZ2S

<4 percentade of inc./dec,. comrare with same reriod a wear aso -

|

-
D
&

[
B
o+

|

INCOMEX:+ rrodect ((REVENUELACCTDRy TDESCRy TOTAL»TOTAL1sTOTAL2]1 ydoin
EXFENSELACCTCRy TDESCRy TOTAL» TOTAL1 s TOTAL21) -
CACCTCRs TDESCR» TOTAL» TOTAL1»TOTAL2]1 udoin
: NETINCACCTyNDESCRyFFFF1FF21)
CACCT» TDESCR» TOTAL» TOTALl! TULQLQ; INC1ly PERCNTL1y INC2» PERCNT21F ,

amount for

current month

last month

same month as }
current month 8 vear ado



9. Conclusion

The advantadges of the use of Aldst in arrlications
rrograms are its conciseness and its standasrdization. As we
have demonstrated in our examrlesr» most srograms are short
andg simele.,

Nesrite the rower of Aldatr, as we have rresentedr there
are some drawbacks. Thew are! we never mentioned how to
rrerare inruty or how to correct wrond turles crested throush
irnFut errors. Nor do we mentioned outeut srinting,. Since
the =roblem @ of editing ineput to the database has not been
comrletely solved in Aldatr we have to assume that the inrut
file exists with no errors,. éimilarlu we have not dealt with
‘the details of outrut formatting and srintss so  we content
gurselves with rroducing a811 the rsrorer attributes needed to
erint the rerort. Thus the most imrortant needs in Aldat are
input verification and editing and srinting srocedures.,

Further improvements to the lansguadge that we would like

to susigest are as follows?

a) To select "surface" of the relation (cf. sectiom C2.4)
od, SALHISTC(ENP#y CHRONOL» SALARYy» OVERSALARY)
Instesad of two statements

let SCHRON be CHRONOT = equiv max of CHRONOL by EMP#3
select SALHISTC SCHRON 1j

We rrefer

surface SALHISTS
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bh) The suntay of 38 reriod selection

ed. Instead of ENDMAY79>FERIOD a2nd FERIOD:ENDAFR79

We prefer ENDMAYZ79>FPERIODENDAFR79
( as in mathematics &8 > b > ¢ )
¢) Rename exrression
eg, Instead of two exsression

let TOTAL1 be TOTAL;

let TOTAL2 be TOTALS

We rrefer

let TOTALL»TOTALZ be TOTALS

With the above limitstions in mindy there is no doubt
that Aldat is dood at any data rrocessing rroblem which has
to deal with file manirulation. There are manw other

commercial arrlications that could be attemrted as further

work..



Arrendi Al

relation name on
RALANCE
RALANCESHEET

ROM

CASHIN

CASHOUT

COMFARATIV

CORRECTION

COSTTARLE
CRITL
CRLINE
CRMEMO

CURNTIATA

CURNTSFREAD
CUSTRF
EQUIF

EQUIF

EQUIF

EQUIFCOST
EXFENSE

EXFENSE.Y

¢

LList of Relations Used

77

attributes ) rade
ACCT» RAL ) 66
FERIODy ACCT» ADESCRs ABSEALs DRCR ) 66
ASSEMELY#, SURASSY#s QTY ) 16530
INVEs CHRONOL > $AMT ) 58
B_.LAD%¥» VENDE» CHRONOL» $AMT ) 58
ACCT» ADESCRy UPTONOWy UFTO78, UPTO77»
FF8%9y FERCENT?79r FF77y FERCENT?78 ) 70
CUsT#s ORD¥s, CHRONOLs FGFART#» CRQTYs $CR»
$CRFROFIT) 42
RMFART#,» $RMCOST $ROUTCOST» $LARCOST ) 29
MEMO#» CUST#y ORD¥y FGFART#s» CRQATY ) 37
MEMO#» FGFART#» CRQTY ) 37
MEMO» CHRONOL» CUST#y ORD#¥» INVE ) 37
CHRONOL.» FGFART¥#y QTY»> QTYFGCOST» QTYRMTOT
QATYVARCOSTy QTYFGFROFIT) 96
ACCTDRs ACCTCR» TOTAL ) 64
CUST#» CHRONOL» NQTY, $CSALE» $CPRFT), 41
EQUIF#» CHRONOL, EQCOSTy LIFE ) S
EQUIF#y CHRONOL, EQCOSTy LIFE» SALVAGE ) 60
ECUIM#y CHRONOL ., EQCOST» LIFE» SALVAGEVAL,
DISCARDATE ) 60
EQUIF#, ECOST ) 24
ACCT: TOTAL ) 67
ACCTCRs TDESCR» TAMT ) 71



FGCOST

FGFRICE

FGFROFIT

FUNDFLOW

FUNDFLOW
( extention )

FUNDFLOW..YEAR
INCOME

INCOMEX

INCOME_.PERCENT
INCOME.Y
LABOUR |
MFGCOST

NETIN

FARTRFT

FAYTAX

FROFIT

RECL INE

REVAMT
REVENUE
REVENUE.Y

RMCOST

78

FGFART#y CHRONOLy RMTOT» ROTOT» LARTOT»
$FGCOST ) 32
FGFART#» CHRONOLs $FGFRICE ) 33

FGFART#» CHRONOL » $FGFRRICE» $FGCOSTs RMTOT»

ROTOTs LABRTOTs $FGFROFIT ) 33
ACCTs ADESCRs ACTYFEs FF ) 64y65
FERIODy ACCT» FF ) &9
ACCT» TOTFF ) 71
ACCTy» TDESCR» TOTALs» REV ) 68

ACCTy TDESCRs TOTALs TOTAL1l» TOTALZy INC1.

FERCNT1s INCZ2y FERCNTZ2 ) 74
ACCTy TDESCR» TAMT» FERCENT ) 71972
ACCTy» TDESCR» TAMTy TOTREV ) 71972
EMF%y OF#,» EQUIF%, EMFCOST ) 7927
OF#s ASSEMELY¥, RCOST,» EMFCOST ) 7
ACCT» NDESCRs FFy FF1l,» FF2 ) 74

FGFART#» CHRONOL» TOTATY, $FARTSALE>
$FARTFIT ) 42
EMF#» SALARY» FLOOR» EBASE» TAXX ) 4
CUST#y» FGFART#, NATYs $S5ALEs $FROFIT,
SALES# ) 11,40

BE_LADEyVEND¥y CHRONOL s FART#»QTYyUNITFRICE »

FREIGHTRATE, FURCHASECOST» CLASS ) 59
TOTREV ) 70
ACCTy TOTAL ) 67
ACCTDRs TDRESCRs TAMT ) 70
RMFART®» CHRONOL s $RMCOST ) 28



ROUTCOST
ROUTING
SALDETAIL

SALEDTL

SALERPT
SALHIST

SALHIST

SHIFDETAIIL

SHIFDTL

SHIFL.INE
SHIFMENT
SORUSE
SFREAD
SFREAD.Y
SUMMARY
TAXTARLE
TEMF1
TEMFCOST
TIMECARD
TOTALEXF
TOTALREV
TRANS
TYFE

T1

79

OF#y ASSEMBLY#,» RCOST ) 7925
OF#» ASSEMELY#,» EQUIF#s CHRONOL» RTIME ) 25
FAYDATEy EMF#» SALARYs TAX, NET ) 53

CUST#» ORD¥» FGFART#» SHQATY»y CRQTYs NQTY»

SALES# ) 38
SALES#y CHRONOL» $SSALE»> $SFRFT ) 41
EMF¥#y CHRONOLs» SALARY ) 93,54
EMF#y CHRONOL» SALARY» OVERSALARY ) 12,26

CHRONOL» FGFART#» QTYr QTYFGCOST» QTYRMTOT
QTYVARCOST» QTYFGFROFIT ) 51

CUST#y» ORD#y CHRONOL:» B-LAD¥s SALES#,

FGPART# ) \ 38
E_LAD¥s FGPART#, SH.QTY ) 36
CUST#» ORD¥» CHRONOL> B_LAD#, SALES# ) 35
ACCT> ADESCR, SUAMTs SU ) b6
PERIOD, ACCTDRs ACCTCR» TOTAL ) 61
ACCTDRs ACCTCR» TAMT ) 70
ACCTDRs ACCTCRs AMT ) 5461
FLOORs CHRONOLs BASEs TAXZ ) 8
OF#» ASSEMELY#» LABCOST, RCOST ) 28
RMPART#, $RMCOST,» $ROUTCOST, $LARCOST ) 31

EMFEy CHRONOL,» OF¥» EQUIF#,» HOURS, OVERTIME )26

BLANKy EXFDESCRs TOTEXP ) 71
BLANKy REVIDESCRs TOTREV ) 70
ACCTIRy ACCTCR» TDRESCR ) 67
ACCT >y ACT?PE: ALESCR ) 64965
ASSEMELY#y RMFRICEs ROTFRICEs LARFRICE ) 30



Arrendix B!

attributes?
ARS
ABSRAL

ACCT
ACCTA
ACCTA
ACCTC
ACCTCR
ACCTIR
ACCTE
ACCTF
ACCTG
ACCTM
ACCTF
ACCTR
ACCTT
ACTYFE
ADESCR
ASSEMBL Y#
BAL
BASE
ELANK

B~-LAD¥

l.List of attributes Used

meaning

ACCounT number

ACCounT number to be CRedited

ACCount rumber to be lebited

ACcount TYFE
Account number DESCRirtion
ASSEMELY number

BASE ta

Bill of LADling number

CALCULATEDEFRE

80

rade

66

66

57

b4y 65

64265

7+25

66



CHRONOL.

- CLASS
CRE
CRQATY
CRCHRON
CURNT
CURNTFAY

CURSALE

DEFRE
DISCARDATE
DRCR

DRE

ECOST
EMFCOST
EMF#¥
EQCOST
EQUIF#
EXF
EXFROESCR
FF
FF1sF12
FF78sFF79
FFE
FGFART#

FLOOR

CHRONOLosw of turles crested

Returrnied quantity

returned sgoods of the current reriod

CURRent month’s SALE

CUSTomer number

NISCARDImS DATE of ecuirment

Eauirment COST rer hour
EMFlovee COST

EMFlogee number
EQuirment COST

EQUIFPment rumber

Fund Flow amount

Finisned Goods FART number

Lower limit of the saslaries

60

60

66

67

71

64+ 65

74

49



FREIGTRATE
HOURS
INCyINC1yINC2
INVE
JANMAY 79
JANDEC?78
LABCOST
LARFRICE
LASTIME
LASTPERIOD
LATESTRATE
LATESTSAL
LABTOT
LIFE

MEMO#
NLDESCR

NET

NQTY

Or#

ORD#
OVERSALARY
OVERTIME
FART#
FAYDATE
FERCNT1sFERCN

FERCENT

FREIGHT RATE

labour worked HOURS

INVoice number

LABour COST

LARour PRICE

LARour cost TOTal
LIFE of the ecuirment

credit MEMO number

Net sale QuantiTy
OFeration number
customer ORDer number

OVERtime SALARY

T2

7

26

74

37

69

&9



FERCENT78yFERRCENT?79

FERIOD

FURCHASECOST

ary
QATYFGCOST
QTYRMTOT

QTYVARCOST

QATYFGFROFIT

RCHRON
RCOST
RECENT
REV
REVIESCR
RMFART#
RMFRICE
RMTOT
ROTOT
ROTPRICE
RTIME
SALARY
SALESH
SALVAGE
SALVAGEVAL
SCHRON
SHIFCHRON

SH.QATY

QuantiTyY

QTYXFGCOST

QTYXRMTOT

QTYXVARRCOST

QTYXFGFROFIT

The latest raw-materisls’ cost

Routing COST

REVenue

REVenue accoount DESCRirtion
Raw Materiasl rumber

Raw Material FRICE

Raw Material cost TOTal
ROuting cost TOTal

Routing FRICE

Routine worked TIME

SHLESman number

SALVAGE vslue

SALVAGE value

SHirred QuantiTyY

7

69

-y ry
L

59

36

36



5U

SUAMT

SURASSY# SUBASSemblY number
TAMT Total AMounT

TAXZ rercentade of TAX
TDESCR Transaction DESCRirtion
TFGCOST

TFGFROFIT

TO77TO78» TONOW

TOTALL1»TOTALZ

TOTAMT

TOTAX

TOTCOST

TOTREFPRE

TOTEXF

TOTFF

TOTIN

TOTNET

TOTOUT

TOTATY TOTal QuantiTy
TOTREV TOTsl REVenue

UFTONOW»UFTO?77yUFTOD78

VEND# VENDor number
$AMT AMounT
$CFRFT FRoFiT bwv Customer

$CR CRedit amount

66

66

16+30

70

8y54

71

71

64

64

17+42

70

84



$CRFROFIT
$CSALE
$FGCOST
$FGFROFIT
$FGFRICE
$LARCOST
$FARTSALE
$FARTFIT
$FROFIT
$RMCOST
$ROUTCOST
$5Al.E
$SFRFT

$S585ALE

rrofit to be CRedited
AMOUNT sold to customer
Finished Goods COST
Finished Goods FROFITY
Finished Goods PRICE
LARour COST

FART sold amount

FART sold sroFIT
FROFIT of sale

Raw Material COST
Routing COST

SALEs amount

PRoFiT by saslesman

Sold amount bw SALEsman

42
40
28

40

41

41
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