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1.= INTRODUCIION

In this repcrt, we fpresert an inventory ccntrcl systen
based on ALDAT using scme of the relaticnal algebra oreraticns.
In section 2, a brief introduction to relational algelre ané ALDAT
1s given as well as a shcrt intrcducticn to relaticns arnd tﬁe
relational algebra operations. In section 3, a brief introducticn tc
inventory theory is given, as is descripticn of the mcdel used in our
system. Section 4 provides a general view cof the system diagram with
its inputs and outputs. In sectiom 5, we give a desicn cf the inpute
to the system. Section € descrikes in detail the =system relations
(database files) used later in the creation of the detalase. In section
7, a detailed descripticn cf the cutputs from the system is given.

Finally, in section 8, we describe briefly hcw tc tuild the inventory

ccntrol database cn the IEM EC using MELS/FS.



The Eelaticnal alcekra is a ccllecticr of high-level operations
on relations, first intrcduced ky Ccdd in the early 7C'=s.

It is developed from mathematical set thecry. Data is orcanized
in another form of data structure, a relaticn or a table, which
resembles a traditional sequential file. Each colurmn cf the table
corresiponds to a field of the file and each row corresgcrds tc a
record. The relational algebra treats the relation as a unit and
manifpulates all the tuples (rows) at once, with the aié cf a set
of operators.

The Domain algebra is independent of and complemertary tc tte
relational algebra. It cperates cn dcrmains to define nes domains.
It is a facility whereby new attritutes can be createc &gs functions
of existing attributes in a given relation.

ALLCAT, an algetraic data language, is a high-level language
equipped with a set of powerful relational operators, arc¢ a pascal-
like programming structure. It frcvides the facility for easy
precgramming and general relation manipulations; anc¢ mcre impcrtantly,

it has the facility fcr dcmain algebra cperations which cperate on

attributes of relaticns tc create cther new attributes, independent-

ly of the relations they are in.

For a detailed descrigticr ccnsult [1] and [2].



L relation is defined tc te a set of tuples satisfying the

fecllowing properties :

1) A1l rows (tuples) are distinct.

2) The ordering of the rows is imwmaterial.

3) Each column is latelled ard sc the crdering ci the coliumns
is insignificant.

4) The value in each rcw under a given column is simgle.

The columns are called attributes, which are names
associated with a set of values called a domain.

A key of a relaticn is a mirimal subset of its attritbutes
which can be used to identify uniquely each tuple.

Through this repcrt, we will use cperaticns cf the
relaticnal algebra as well as thcse cf the domain algebra.
A detailed description of all the operatiomns may Lbe fcurd in
[2] and [4]. We now informally describe a few which are used

in this rerort.



Tanese functicns retrieve data frcm the datatacse arter it
has bezn ccnverted into relaticnal fcrm. We discuss cnly the ERCJECT

and the SELECT functions, and the MU-JCIN.

PRCJECT

The PROJECT functicn creates a result relaticn wlticlt is a
vertical subset of the ofperand relaticn, that is a =stukset of
attributes (columns) from the operand relation are€e ccpie¢ intc a
new relation. Any duplicate rows created in this [prccess are

elimirated.

Exawple 1 : Consider the fcllcwing two relaticns and tae
query : list all items with their ccrrespcnding

prices.
REL1
i IIEM PEICE QUANIITY REQRDEF 1EVEL  EQQ
01 radio 0.C0 22} 15 30
01 television 600.00 8 S 22
01 stereo 425.00 20 17 14
02 blender 75.00 1 12 2]
02 radio 50.CC 3¢ 2.3 35

02 stereo 425.00 (5] 16 28



(Mg

REL2

SUPELIER 1154 CCST/UNLE

GENERAL ELECTRIC tlender 625 G0

GENERAL ELECTRIC radio 41.00

SONY televisicnh 549. 60

SCNY stereo 405.00

SCNY racio 40.C0

BHI LT PS blender 64.00

PHILIPS televisicr 537 =00 4

then

PRICE_LIST <~ ITEM, PRICE' 4in RELA

PRICE_LIST

1IEYN EEICF

blender 7500

radio 50.00

stereo 425.00

television €00.0C
SELECT

Ihe SELECT functicn creates a new relation which is a sutset of
the operand relation, by includirg crly those tuples (rcws) which
satisfy a given condition. There are many types of orerctions on an

attribute which can be used as a select cenditions.

Example 2 : Consider the tuc relaticns descrited tefore and
the query : list all columns for items Lelcw
their recrder 1level.

then
ITEMS_BELOW_REORDEH_LEVEL <- where QUANIITY <= RECKRILEFEF IEVEI in REL1
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ITEMS_BELOW_REORDFR_LEVEL

WH  ITEH EFICF SUBNTITY REORDEE LEVEL  EOQ

01 television 600.00 8 g 2

02 stereo 42t . GO 6 16 28
MU-JCINS =

The MU-JCIN is a family cf furctions which perfcrc ceneralized
Set operations on pairs c¢f operard relaticns. Given two relations
defined on ccomon domains, then a mu-join can ke perfcrned teo
produce a result relaticn. This resuilt relation will ke composed
cf different sets of tuples depending on the mode cf the pu--cin.
Through this report, we will use crly the intersecticr cr natural
jein (ijoin) which concatenates turles where they have the same

values for the joining attributes.

Example 3 : Consider the relations ITEMS_BELCW_KECKCER_LEVEL
and RELz, and the gquery : list all the suppliers
of items which are btelow their recrcer level.

t hen
ITEH_SUEPLIEHS = IIEMS_EEICW_THEIB KECRDEER_TEVEL ijoin REL2

I1EM SUPPLIERS

WE  ITEY BRICE QUANIITY RECRDER IEVEL EQQ SUEEIIFF COST/UNIT

01 television 600.00 g 9 22 SCNY 549,00

01 television 600.00 8 g 22 PEILIES £37.00

02 sterec 425.00 € 16 28 SChY 405.00
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These fall intc twc categcries, hcrizontal and vertical.
Hcrizcotal domain operaticns have operands which dc nct cross tuple
bcundaries, that is all the operands for that opereticn ere fcund
in the same tuple. Some cf ther are subtraction, mtltiglication,
pinimum, etc. On the cther hand, vertical domain ofperaticns have
operands that are a result of a function on values frcm cne cr mcre
tuples. Through this regcrt, we will use two classes cf vertical

dcmain coperations, reduction and equivalence reducticr.

EEDUCTION (red)

This produces a simple result from the values frcm all tuples cf

a single attribute in the relaticn. Tctalling is an exarrle.

EQUIVALENCE REDUCTION (egv)

This is like simple reducticn but frcduces a different result for
different sets of tuples imn the relation. Each set is claracterized
by all tuples having the same value fcr scme specified attribute -

ar "eguivalence class™ in mathematical terminology. Suktctalling is

an exanmple.



Example 4 :

We consider tke twc relaticns

3,

calculate revenue

of Ezxample 1 and
ICI €ach itenw

the gquery :

{guantity * price), the total reverue, and tke
suktotal reverue jer iten.
then
Let REVENUE fe QUANIIIY x PRICE
Let TOTAL be red + of FEVENUE
Let SUBTOTAL be e€egv + of REVENUE by ITEH
REVENUES <- ®H, ITEK, CUANTITY, EEICE, REVENDE, TO012L, SUBTOTAL
in REI1 E
REVENUES
HH ITIEM QUANIITY [EEICF  EEVENUE TOTAL SUBICIAL
01 radio 33 50.00 1650.00 20715.00 3590060
01 stereo 20 425, CC 85C€0.C0 20715.00 11050.00
01 television 8 ©00.00 4500.00 20715.0C Lg00.C0
02 blender 17 75.0¢C 1275.00 20715.00 1275.00
024 radio 29 50.00 1940.00 20715.CC 3590.C0
02 stereo € 425.CC 2550.00 20715.00 11050.00

Note how we use projection to "actualize" the results cf the

dcmain algebra computations.

attributes, with no physical stcrage in arny relaticn.

Otherwise, they are "virtuel"
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3.= A BERIEF INTRQLUCTION 10 INVENICRY THECRY AND A LESCEIETICH
CF IHE HMCDEL USED

Inventory ccntrcl is a key element in manufactiring since
it 1s responsible for determining material reguirements, prcviding
direction and support tc froduction planning, stcres, warehouses,
etc., as well as mivimizing inventory costs (holdirng, crdering,
storage, etc.), and avoiding loss or theft of merckancise. Tke rmain

okjectives are the follcwing :

- maintain adeguate ccntrcl cf the physical movement cf materials
between various store locations

- maintain proper contrcl of all materials on hand

- provide input data and output data into the invertcry recocrd
file on all receipts

- control surplus and shortage

- provide the user witk currert stcck status of available inventory,
updated purchase crders, updated suppliers' price lists, custcrers!

accounting, etc.

- indicate when to crder an item fcr rerlenishment cf stock and

in what guantity an item should ke ordered.

BASIC TYPES OF INVENTCEYX

# Raw materials - materials that will be transformec, cut, formed,

or stamped tc prcduce ccmponent farts.
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* Semifinished compcnent parts in stock (work—-im-prccess) - materials
in various stages of production still in a partially
ccmpleted state.

* FPinished goods - end items in stock awaiting shipnert tc customers.

Our model used in this report will concentrate (fccus) on
finished goods inventcry tecause it satisfies the requirements for
stores (pharmacy stores, supermarkets, car-dealer agencies, €tc.) as
well as warehousing ccntrecl (electrcric spare parts, furniturte, etc.);

therefore, this model will be used in the ipplementaticn of our system.
Once we have selected the tasic type of inventcry, then we

proceed to select the inventory system category for cur mcdel. These

categories are summarized in Table 1.

——————————————— —— — T ————— —

| ccmponent cemanc ]

e e i e i ot o it st |

| forecast | fcruula |
----------------------- e e D e Bt s bt
] | gquantity | STATISTICAL | LCT EECCUIREMENTS |
| maintenance | only | CECEEF ECINT I ELANNING !
| of i e e [ ) B e e e
| status | guantity | TIME-PHASED | MATERIAL ]
| data | and | CRDER PCINT i EECUIKEMENTS |
| ] timing | | ELANNING ]

——— e ———— —— ———— T — - ———————————— T " — v o

Table 1. INVENIORY SYSTEM CATEGCKIES

From the abcve Table, the best alternative is the TIME-

PHASED CKDER PCINT because of the following reasons :
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- it is subject to independent derand (demand fcr & civen inventcry
item is unrelated to demand for cther units)
- it is suitable for service parts, finished prcducts in factory
stock, and field warehcuse iterns
- the requirements for independent-demand items are fcrecast usirng
any forecasting method thke user selects because they can not ke

calculated.

Finally, we have to select the type of ipvertcry stcck that

our model will use. These types are surmarized in Table :z..

—— - - ——————— ———— o ——— -

| economical crder size or fixec

] e¢rder guantity 1
] tuffer cr cafety stocks using |
| reorder point

——— e ——— — — T ——— ————— - ——— ———————

—— W ——— T — ———————— ——

- ———— . —————— ——— — T — i ———

Takle 2. 1ITIPES CF INVENTORY STCCH

From Talkle 2z, tke first twc tyjpes provide the Lest choices

which our model requires tecause of the fcllowing reasors :

- the number of units to be ordered each time (lct s=ize) and the
stock level which triggers a rerlenishment crder (recrder point) are

fixed by the decision-maker.

- the purpose of the recrder pcint is to provide ror protection
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against variations in item demand as a measure against stock-out.
Failure to have stock on hand to fill customer orders rcutinely frorn

stock could result in lost sales revenue and oppoertunity for profit.
P

MCDEL LESCRIPTION

The descripticn cf the rcdel used can be stmmarized in

Fig. 1. In addition, the model assumptions are the fcllcwing :

- our model is bacsed upon forecasts for such factcrs as user
demand and lead time. Fcrecasting is a methcd whereby cre uses a
projection of the past demand pattern as a base indicetcr of tke
future (more details may Le fcurd in [7])

- replenicshment orders arrive as single, complete shirments

A QUANTITIY
|
|
I

1 -—=----- STOCK
EOQ
SAFETY %4 ‘\l 1\4§ |
STOCK )| i
B e Bl B [l e » TIME
0 By, N, N, K,
LEAD
TIME

Fig. 1 TIME-PHASED CRDER PCINT WITH SAFETY STCCK

AV ERAGE

ON HAND

RECRDER
LEVEL
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and

The derivaticn cf the fcrrulas fcr our invertcry model

a complete description is found in [ 1].

demand (in units) per period (quarter, year, €tc.)

cost per order new inventcry

cost per unit

inventory holding ccst per fericd

= ecconomic order guantity (in units)

optimal number of orders tc ke fplaced per pericd

acquisition lead time (in days) = the time pericd Letween the
reguisition of ané tlte receipt c¢f a replenishrent shipment at

a place and in a form which makes the new units available to

meet user demands
reorder stock level (in units)

average stock on tand (in urites)

2 D A
EQQ = = ==——-
£ r
D E € 1
N = | @=———— R —
EC(C 20N
D
Ri=, ;1 ===== * T if period is cne year (3€5 day:
365
ECC
H = ~—=-— 4+ R
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Fig. 2.1 SYSTEM CCHFIGURATIGON

UONITGEDR ITEEGEN
A
3 2
v v
CUSTGEN SUPPIGEN

v \'4

B &

1 y

UONITGEN ITEMGEN ITEMMAST

——— ———— ———————— ——— ——— ————— —— —

‘/1 /u\
ITEMMAST ITEMIN ITEMOUT

N e
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(COXT) SYSTEE CCNFIGURATION

1 2 4
ITEEMAST SODEITEM
F

5 6
ACCTSDECQi VACCT

1 4
ITPMGEN< ITEMMAST ITEMQUT

5 6

CUSTACCT SUPACCT
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The inventory ccrtrcl databace system will stcre tte
relations (datatase files), bctt rermanent and tempcrary. These
felaticns are discussed in detail in section 6.

The inputs tc the syster will allow the user tc enter data
into the dataktase with the aid cf the MRDS relaticnal editor {refer
to [3]) which allcws the user to edit a relation a turle at a time
through the INSERT, DELETE, and UPDATE command modes. Letis take an

example of a customer entry into the CUSTGEN relaticn {see secticn 6).

The customer info is

CUST =008

CUSTNAME : McGill University

CUSTADDR : 805 Sherbrooke West H3A 2Ké6

CUSTPE : (514)392-5073

where CUST (008) is the search key an it is assigned ty the user.

1) First, once we call relaticn CUSTGEN, we get intc EECCESS mode.
2) Second, we go to INSEFT submode, and a tlank form will afE€ar on
the screen. We already assume tlat the fcrm template of the relation
was designed previously. Now we can enter the tuple by filling out

the fcrm. When we have finished entering the tuple, we tit CETL-C on

the keyboard to accept thke new turle.

Let's consider ancther examfple cf a supplier deletion

frcm the SUPPLGEN relation. The supplier info is
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SOBPENZN 389

SUPNAME : L[OMTAR PAPEE

SCUPADDE : 950 Maisonneuve West H1C 156

SUPPH : (514)681-3377

where SUPPL (339) is the search key, as assigned by the user.

.

1) First, once we call relation SUFPLGEN, we get intc EFFCCESS mode.
2) Seccnd, we go to FIMND submode and the editor will zsk us fcr the
search key (in this case, 339). Crce we enter the cearct key, if

the search is successful then tte tuple just retrieved will Le
displayed on the screen and then we go to DELETE sulmcde and the
current tuple displayed cn the screen will be deleted attomatically,

otherwise we get an error that the desired tuple dces nct exicst.

ITEMS CATALOGUE

This report will list general information on all items wkich
are nandled in the different warehcuses. It will be generated on
rFaper every month and will be received by the warehkouse Ianacers
in order to f£ill out the inventcry fcrms (see Fig. 6 in section 5) =
Mcreover, the user can check if the listed items are =till ip use

and make the necessary updates.



CCSTCMERS CATAIGGUE

Tkhis report will list general infcrmation on ctstomers.
It will be generated every mconth ard will be received by the user
ir crder to check if the information listed is correct. EBe car

otherwise make the necessary charges.

SUPPLIERS CATALOGUE

This report will list general infcrmaticn on Etprliers which
supply the necessary items to the warchouses. It will te generated
On paper every month and received Lty the user to revise the inform-

aticn and make the updates if needed.

STCCK CN HAND EKEPCET

With this report, the user will ke informed on thke current
stock point of all items irn the warehcuses. It will be generated
Cn parer every twc or four weeks and received by the warehouse
managers to compare the cktained results against the fhysical

inventcry in order to reduce loss or theft of merctarcise.
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INVENTCKY REPORT

This report will list all the inventory transacticrs performed
in the different warehouses. It will te generated Cn fajpe€r €Very
week and received by the user tc ccrmpare the listed results against
supplier invoices and customer factures, and make adjustments if

necessary.

PURCHASE ORDERS

With this report, the user will kncw frecisely which items are
below their recorder level and their associated ecorcric crder
quantity (EOQ) and the supplier that frovides the minimum cost per
unit for the item to be supplied. It will be generate¢ cn pager

daily at the end of the day and received by the user tc take the

appropriate action.

ACCCUNTS RECEIVABLE AND ACCOUNTS EAYABLE KEPCRTIS

These reports will list all payments made to suppliers and all
payments received from customers. They will list sultctels ty custormer
and by supplier. They will be generated cn paper every mcnth and
recived by the user to check if the information listec¢ is ccrrect

and make adjustments if needed.
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SALES REPORT

This report %ill inform the user of how all items in the
warehcuses are being sold. It will list suttotals ty item arc by
warehouse. It will ke generated cr fafer every mcnth and received
by tke user in order to help him for a better plannpicc ic tte

LY

future.

GENERAL LELCGER REPORT

This repcrt will inform the user cn the present eccnomic and
financial situation. It will ke generated at anytime the user
requests it and could te cttained cn fpaper cor displayed cn the

SCreen.



1) TRANSACTIONS ON THE CATAICGUE CF ITEMS (Fagea E)

2) TRANSACTIONS ON THE CATALCGUE CF SUPPLIERS {Fag. 4)

L8

3) TRANSACTIONS ON THE CATALCGUE COF CUSTOMEERS {EAgtg S)

4) INVENTORY TRANSACTIONS (Fig. 6)

S5) TRANSACTIONS ON PAYMEKNTIS FECM CUSTOMERS

6) TRANSACTIONS ON PAYMENIS 1C SUEFELIERS

The input forms in Figs. 3, 4, and 5 are used Ly the user
(Administration department, Sales department, etc.) €very time he
wants to enter data into the database. These three injut forms are
first filled out by the user and then later given tc the perscn who
will be in charge of updating the system relations in the database.
The user has the task of assigning a code number tc WKAKEHCUSE#,
ITEN#, SUPPLIER#, and CUSICMEF#. In addition, the user tas alsc to
calculate (forecast) the rarameters cf the input fcrim in Fig. 3,
based cn historic data. The input form in Fige. 4 will help the user
to record all price lists frcm suppliers in order to select ttle

minimum cost per unit wher the user frejares the ptrchase orders.
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With the input form in Fige. 5, the user will keep track cf all
Custorers when he bills them later.

The input fcre in Fig. 6 is used by the warehcuse managers
whe fill it out every time there is an inventory transaction coming
in and cut of the warehouses.

The input fcrms for payments frcm customers and payments
tc suppliers are already on paper in the form of custcmer 'bills
and supplier invoices which both ccntain the nececscsary information
(total amount of the fpayment, date, €tc.). Therefore, we¢ did rnct
have to design the input fcrms (laycuts) for these tuc types of
transactions.

A brief discussion to all these input forms with examples

was given previously in secticn 4.
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Fig. 3 TRANSACTICMS CN THE CATALCGUE OF ITEXS

FAEF AR RERRRRAE. 0 mmme o e e

* COHPANY NAME # | LCATE | | REFERENCE |
3 ok 3 ok % ok ook ok Sk koK X j=——mmmm | = —————————— ]

] DD ) MM | YY | = |

|e——Speme e

—--——_‘_————*_———_q-——_—_—-tﬂ———————-————————_*_——_——-——-‘-u———-————--

-———‘-—-—-"————ﬂ----————-“-‘---———“——-—--——q——-*-—-———*--'-—————-‘-‘

1 IT | WAREHOUSE# | ITEM# | CESCRIPTION |

e B e |
i ! i 1

‘ ———— i e . . i . e o — o~ —— — ————— T —— . — i ——— l
| UNIT | DEMAND | CCST/UNIT | CCST/OKLER | FECLICING COST |
= e B b

——-_——_————’_——_———’—-----—--—4-—n---————---q--—————-a‘-.————q-——————-

‘--————-“-‘—————----‘-—————---‘-——————-----————”—--—-————q-ﬁ--————--—

| UNIT | DEMAND | CCST/UNIT | CCST/CRLER | EOLLING COST |

e i b s e et R ICERMREEES (R :

DL D L D D D D Dy D ) D S S D D D D D DD S it e S W D Y A S N o — T —— . T ——— ————

| UNIT | DEMAND | CCST/UNIT | COST/CKLER | ECICING COST |

e [ i B B
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L=
=]
]

transacticn tyge
Types :

add
update

A
U
D delete

if TT = 'A?' then
£fill out all the fields of the fcrr
elseif TT = 'U' thern
£ill out ITEM#, WAREEOUSE#, arcé field(s) to
Le chanced
elseif TT = 'L then
£ill cut cnly ITEM# and WAFEHCUSE#
else
lferrtor fcund®
endif.

UNIT = represents the unit ccde on which the item
is handled

UNIT CCDES

inches 02 feet 03 yards 04 meters 05 square feet
sqguare yards 07 sguare meters 08 liters 0% callons
ounces 11 grars 12 kilcgrams 13 pcunds

tens 15 pieces 16 dozens 17 sets 19 other
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%

transaction type

Tyres :
A = acgc
U = update
D = delete

TT = 'A' then
£ill cut the fields cf the form
elseif TTI = '0U' then
£fill cut SUFPLIER# and field(s) -
to be changed
€lseif TI71 = 'D' then
#3779 out only SUPPLIELG#
else
Yerror fcund?
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IT =FEransacticenltyge
Types :
add

urdate

A
U
D delete

1E-TT-= *AY Yhen
£ill out the fields of the forrn
€elseif TT = *'0U'" tlrer

fill out CUSTCMER# and fielc(s)

tc ke changed

elseif TT = *'C!' then
£ill cut cnly CUSTCMEG#
else
Yerrcr fcund!
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ITEMMAST (¥H, ITEM, ECC, CTY, EECEDEE)
where <¥WH, ITEM> is tite key cf the relaticn. 1t contains

information on current stcck cn hand per item and the recrder level

associated with each item.

attribute-nanme attribute-description lengil(bytes)
WH warehouse code 2/ 0
ITEM item code £/N
E0Q econcnic crder guantity 4/ »
QTY stock cn Land 4,/N
KEORDER recrder level 4/1
record length 19
N = numeric data C = character data

Example 5 : Display relaticn ITEMMAST.

ITEMMAST
BE ITEY ECS £TY FECELEE
01 20116 28 58 35
01 55724 76 22 2.5
01 25279 9 8 3
02 20401 4 y 4
02 23138 6 5 1
03 09316 375 120 T
03 20116 31 39 42
03 20401 3 ) 3
0y 20116 24 28 25
04 27662 17 € 7

04 55724 65 53 17
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LT EHGENSW ITEN S ITEMDESE, UNKIT)
where <ITEM> is the key of the relation.

information on all the itens.

attritute-nanme attribute-descrirticn
ITEHN item ccde
ITEMDESC item description
UNIT urit ccde of the item

record 1length

Example 6 : Display relation ITENMGEN.

ITEMGEN
ITEH ITEMDESC UNIT
20116 tlender 14-speed 15
20087 focd processcr 17
20401 microwave oven 15
68005 luxor rug 6
55724 vhite paint 8
23138 portakle reccrder 15
27662 table lamp 25" h 15
25279 pocket camera instant 15

09316 brcwn sugar 12

It cortains general
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WHGEN (WH, WHDESC)

where <WH> 1is the key of the relaticn. It

inforration cn all the warehouses.

attribute-name attribu
WH warehouse code
WHDESC warektcuse description

record length

Example 7 : Display relation WHCEN.

WHGEN
&H HHDESC
01 PASCAL longueuil
02 PASCAL HMontreal
03 PASCAL Laval
04 PASCAL Quekec

FELATION UNITGEN

UNITGEN (UNIT, UNITLESC)

where <UNIT> is the key of the relation.

information on the tyfpe cf units that are handled (see Fig.

attribute-naue

unit ccde

UNIT s
unit descrigpticn

UNITDESC
record length

ccntains general

It cortains general

E).
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CUSTGEN (CUST, CUSTNAME, CUSTADDE, CUSTEH)

where <CUST> is

the key of the relation. It stcres ceneral

information on all cur customers.

e e v m wm —— ——

COST
CUSTNAME
CUSTADDR
CUSTPH

attrituvte-descripticn lergth (bytes)

custcrer ccde
customer name
custcrer address
customer phone numkber

-

record length

Example 8 : Display relaticn CUSTIGEN.

CUSTIGEN

CUSINAHE

Nikos Leocust
Frank Lok
Rokert Amper
Gerard Marelle
Frank Wayne
ChpiseStatis

CUSIADDE

Park 1320 Mcntral,Que
Guy 850 Cuebec,Que

Reed €€2 laval,Que
Stanley 730 Montreal,Cue
Eeel 3150 Fontreal,Que
Clark 490 Mcntral,Que

.

37

20 /C
30 /C
18/6

CUSTEH

(514)286-4359
f€10)396-1086
(514) 417-2233
(E14)937-8447
(£14) 352-5691
(514) 845-2086



EELATICN SUPELGEN

SOPPLGEN (SUPPL, SUENA¥E, SUEADLDF, SUFEE, SUPCKEL)
where <SUPPL> is the key cf the relation. It stores general

inforpmation cn all our suppliers.

attribute-nape attritute-descrirtion lergtl (bytes)
SUPPL supplier code /N
SUPNAME supplier rame 20/C
SUPADDR supplier address 20 .C
SUPPH supplier rhcne number 10 /1
SUPCRED supplier credit cond. 10 4C

reccrd length i3

Example 9 : Display relaticn SCUPPLGEN.
SUPPLGEN
SUPPL  SUPNAME SUPADDE SUPPHH
012 General Electric 2C0C Lincoln Hcuston,Tx 1664)266-1359
069 Osterizer Erod. 865 St Laurent Toronto,Ont (416)35€-90BE€
087 SONY Ltd. 3020 Pine Buffalo,NY {z12) 443-3233
105 Ducpont, Incs €55 lapierre Kingston,Cnt (613)927-2447
214 Panasonic Kr. 22 TransCanada (S14) 2C0-E691

426 Moulinex Inter. Km. 1€0C Aut. laurentians {(514) 866-0086
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ITEMSTATINH, ETEHY, DEXAKD, COSTURIT, CCSTORD, CCSTEOLL,
LEADTINE, EGC, N, RECEDER, H)
where <WH, ITEF> is the key of the relaticn. It ccntaims
statistical informaticn cr all the iters which are useé in tte

different warehouses.

’

attribute-name attribute-descrijticn iength thytes)
WH warekcuse ccde 2/ N
ITEN item code £E/K
DEMAND itenm denand fer period 5/}
CCSTUNIT unit cost per iten Te 2/N
COSTORD ccst tc crder new inven 6.2/H
CCSTHCLD inventory Lolding cost 2. 2/N
LEACTIME acguisiticr lead time 2/
ECQ economic order guantity L/N
N numbter cf crders 2/K
RECEKDER reorder stock level 4/N
H avg. stcck cn bkand 4/»
record length 43

ECQ, N, REOKDER, and H are derived from other other écmeins

by calculation (see secticn 3).



Example 10 : Display relation ITENSIAT.

IIENSTAT

WH ITEM DEMAND COSTUNIT COSIORD COSIHCLD LEADTIME ECC 1} EECEDER H
Qa2 EaNe 3 118 958 (e 10.0C . 115 10 280 35 14
OIS 57N TI5 () OS85 6.00 15 3 76 10 25 38
0N 25279 36 49.5S5 S.00 1S 7 9 y 3 5
02 20401 23 659.00 33.00 =15 15 4 6 4 2
2o G 8 19 o5 0 12000 ~ 1S 5 6 3 1 3
03 09316 6980 2,65 4.00 =5 1 375 19 77 188
03 2011580088k 54.0C 10.00 =45 10 31 12 42 16
03 20401 17 659.00 SIS0 = 25 15 = 6 3 2
g4 20116 228 54.CC 10.0C 215 10 24 10 25 12
04 27662 170 60 5.00 15 y 17 10 7 2
gy - 55724 550 e 3S 6.CC ald 3 65 8 18 33
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ITEMIN (WH, ITEX, CHECNCS1, CINTIN)
where <WH, ITEM, CHRONCS1> is the key of the relation.

It records all the item transactions coming into the warehouses.

attribute-name attritute-description lergtl (bytes)
WH warehouse code 2/\
ITEHM item code /N
CHRONOS1 date and time cf the
transaction (YYMHDDHHMM) 14,C
QTYIN infut guantity L/h
reccrd length 25

Example 11 : Display relaticn ITEMIN

ITEMIN
B ITEM CHRONGS1 CIVIN
01 55724 84,04,12,10: 35 45
02 20401 84,04,12,09:22 3
03 20116 84,04,12,1€21C 20
04 20110 84,08,12,18:24 20

04 55724 Eu4/C4,12,12: CC 167
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BELATICK ITEMOUT

ITEHQUT (WHFPITEM, CHRONOS2;!1@IYCUT)

where <WH, ITEFK,CHECNCS2> is the key of the relaticn.

It records all the iter transacticrns ccrming cut of the warehouses.

attribute-nane attribute-descripticn lerngtn(bytes)
KH warehcuse ccde z/N
ITEM iter ccde 5/0
CHRONOS2 date and time of the
transacticn (YYMMDDHH MY 14 ,C
CIYOUT output gquantity 4/N
record length 25

Example 12 : Display relation ITEMCUT.

ITEMCUT

i

01
02
03
03
04

ITEM CHECNCS2 £IY0UT
201106 84,04,12,11:03 10
23138 84,C4,12, 132 44 1
20401 84,04,12,10:50 1
09316 84,CU4,12,15212 5
20116 84 ,04,12,16:236 2
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AJE U]
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>

RELATICN

lta

SHELTER . (SUEPPL,ITEN, CCSTUNIT)
where <SUPPL, ITEM> is the key cf the relaticn. It stores

all the price lists of the suppliers.

attripute-nane attritute-description lergti(bytes)
SOPPL supplier code 3/}
ITENM item code SZN
COSTUNIT unit ccst per iten e 2N

—— -

record length 15

Example 13 : Display relation SUFITEN

SUPITEHN
SUEPL IIEE CCSTUNIT
012 20116 45.00
012 20401 g2 eds
069 20116 52200
069 20087 1128
c87 23138 88.00
105 55724 8.9%
1e5 68005 26.60
214 20401 S5EC.5(
214 23138 86. 40
426 20116 44.00

426 20087 123.75
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e S i e e

ACCISREC {CCLREF, DATE, CUST,.TACTURE, ANGUNT)
where <COLREF> is the key cf the relaticn. It records

ali the payments made from customers.

attribute-name attribute-description lencth(kytes)
COLREF till reference S/N
DATE date cf the fpayment(YYMMLI) g£/C
CHST custcrer ccde 3/N
FACTURE facture numkter 4/N
AMOUNT amount cf the frayment Ba2/N
record length 28
Example 14 : Display relation ACCTSREC.
ACCTSREC

COLREF DAIE CUST FACTUEE AMOUNT

00005 84,/04,/06 144 0066 100. 00

00017 84,04/06 SE0 0C85 323.00

00062 B4 ,04,06 655 0103 95. 50

00083 84,04/13 144 C14¢ 72.00

00141 84,04/15 296 0159 250.00

00210 84,/04/21 £E0 €231 178,25
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EELATIGN ACCISBAY

ACCTSPAY (PAYREF, DATE, SUPPL, INVOICE, AMCUNT)
where <PAYEEF> is the key of the relation. 1t reccrds

all the payments made tc suppliers.

attribute-name attribute-descrirtion lergth (tytes)
PAYREF invoice reference £/N
DATE date c¢f the payment (YYXMLCL) 8/C
SUBEL supplier code Z/N
INVOICE invcice runber 4/N
AMCUNT amount of the fpayment Ea2/N
reccrd lengtt zE

Example 15 : Display relaticr ACCISEAY.

ACCTSPAY
PAYREF  DAIE  SUPPL  INVCICE ANQUNT
0C016 84,04,09 CE7 0C20 32795010
00022 84 /04,10 105 0135 4826.0C
00027 84,/04/10 €12 0260 5910.75
00035 84,04,/15 214 0348 6131.00
00094 B4,/04/16 CET 0357 10552 .0C

00159 84,04,27 105 0563 1630. 3%
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where <CUST> is the key ¢if the relation. It stores

accounting information on all customers.

attripute-name

e e e e ey e o e

CUST
CUSTBAL

customer code
customer ralance

record length
Example 16 : Display relaticr CUSTACCT.

CUSTIACCT

CUST CUSIBAL
144 =1520.0C0
580 -600.00




EELATICN SURBACC

I3

SUPACCT (SUBEL, SUPELEAL)

where <SUPPL> is the key cf the relatiomn. It stores

accounting information on all suppliers.

attribute-name attritute-description
SUBEL supplier code
SUPFLBAL supplier tkalance

reccrd length

Example 17 : Display relaticno SUPACCIT.

SCTPACCT
SUEEL SUBPLBAL
087 -35200.C0
105 -18900. 00

214 =10650.CC

e o ot =
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A) ITEMS CATALCGUE

BE) CUSTCMERS CATAICGUE

C) SUPPLIERS CATALCGUE

L) STOCK CN HAND FEECET

E) INVENTORY REPORT

F) PURCHASE ORDERS

G) ACCOCUNTS RECEIVAEBLE AND ACCCUNTS FAYABLE REECETS

H) SALES REPORT

I) GENERAL LEDGER REFCRI

A brief discussion on these reports was given in section 4.

NCTE : All the following €xamples are based on data from the

relg tiencaans section 6.
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Let T0T/%H be egv # of ITEM Ly ®EB
ITEMCAT <- WH, ITEM, ITEMLDESC, UNIIDESC, TOT/WH in ITENMETAT ijoin

(ITEMGEN ijoin UNIIGEN)

Example 18 : Display items catalogue.

1 1EHCAT
ER-  IIEM ITEMDESC UNIIDESC I1CT/E
01 20116 blender 14-speed Eieces 3
01 55724 white paint liters 3
01 25279 pccket camera inpstant Fleces 3
02 20401 microwave oven pieces 2
02 23138 pcrtakle reccrderx rieces 2
03 09316 brown sugar kilcgrams 3
03 20116 blender 14-speed pieces 3
03 20401 micrcwave CVETN Fieces 3
o4 20116 blender 14-speed Fieces 3
04 27662 table lamp 25" h pieces 3
04 55724 white paint liters 3

s e e e e e o

Let TET /COST Ee red # of i

CUSTCAT <- CUST, CUSTMNAME, CUSTRALLEF, CUSTEH, TOT/CUST it COSTIGEN

(see exarmple 18)

SUPPLIERS CATALOGUE

Let TOT/SUP te red + cf 1

SUEPLCAT <- SUPPL, SUPNAME, SUPADDR, SUPPH, TOT/SUE in SUEPIGEN

(cee example 18)
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SICCK OF HAND BERCRI

i i
-

EStUCTY /ITEM be egv + of (TY by ITEHM

STOCKREP <- WH, ITEM, ITEMDESC, UNIIDESC,

CTY, QTY/ITEN

in ITEMMAST ijoin (ITEEGEN ijcin UNITGEN)

Exazple 19 : [PDisplay current stock con hand.
STCCKREP
jioun ITEM ITEFDESC UNITDESC Q1%
01 20116 blender 14-sgeed pieces EE
01 55724 white fpaint liters 22
01 252179 pocket camera instant pieces 38
02 20401 micrcwave CVer pieces 4
02 23138 portaktle recorder Fieces 5
03 09316 brown sugar kilograms 1zC
03 201106 blender 14-speed Fieces =9
03 20401 microwave oven pieces 5
O4 20116 tlender 14-sgeed pieces 28
04 27662 takle lamp 2859 b fieces 6
04 55724 white paint liters 53

let SCBTCTIN be egv + of (TYIN Lky ITEN

Let SUETOTOU ke egv + cf (TYCUT Lty ITEM

MERCHIN <~ WH, ITEM, CHRGCNOS1, QTYIN, SUBICIIN in ITERIY}

QI¥/ITEYN

MERCHOUT <- ®WH, ITEM, CHECMNC52, (TYCUT, SUETOTOU it ITEMCUT

Let NEWQTY ke QTYIN - QTYCUT

INVREP <— ¥H, ITEM, ECC, MEW(CTY, FECFLER in MERCHIN ricin ITEMMAST

l1jcin MERCHCOUT

ITEMMAST [ %H, ITEM, EOQ, CTY, RECRDER, <- WH, ITEER,

EECEDER ] INVEEE

FEC,

NEWCTY,
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Example 20 : Display invertcry repcit with the tpcates
EONTREEMMNAST

MERCHIN
HE  ITEN CHBOKNOS SIYIN SUBICII)
01 55721 84,64/12, 103 3= 45 212
02 204 01 84 04,12,09:22 3 =
03 20116 804,12, 162 1C 20 40
04 20116 B4 04,12, 18 224 20 40
04 55724 Bus04,12,12:CC 167 207 R
MERCHCUT
§8  IIE# CHRONOS2 91¥CUI  SUBICICU
01 20116 Ba4y 012 011 (3 10 12
02 23438 84,04,12,13244 d 1
03 20401 84,C4,12,10: EC 1 1
03 09316 84 /04 /712,15 =12 5 £
04 20116 B 04,712, 1€z3¢ 2 12
ITEMMAST
WE IIEY E0Q Q1Y RECRDER
01 20116 28 48 35
01 55724 76 67 A
01 295279 9 8 g
02 20401 4 7 4
02 230138 e 4 1
03 09316 275 15 77
03 201186 3] 59 42
03 20401 3 y 3
04 20110 24 4é 25
04 27662 17 8 7

04 55724 65 220 17
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Let MINCOST be egv min of COSTUNIT by ITEH
DUNMY1 <~ WH, ITEM, EC( where CTY <= EKECKLER in ITEMMASI
DUMHY2 <- SUPPL, ITEM, CCSTONIT where COSTUNIT = EINCCST in SUPITEM

PURCHASE <- WH, ITEM, SUPFL, EOQ, CCSTIUNIT in DUMMY1 ijcin DUNMY2

Example 21 : Display purchase orders.

PURCHASE
¥§  I1EM SUEEL 03  CCSIUNII
g 55704 105 76 £-95
U200 1204014 20214 4 589.50
030062201168,/ 0426 31 44.C0

ACCOUNTS KECEIVABLE A
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Let SUETOT/C ke egv + of AMOUNI Ly CUST

Let SUBTOT/S be egv + of AMOUNT ky SUPPL

Let TCTI/C be red + of ANCUNT

Let TOT/S be red + of AMOUNT

ACCTREC <— CUST, COLREF, LATE, AMCUNT, SUETOT/C, T01/C in ACCISREC
ACCTPAY <- SUPPL, PAYEEF, DATE, AKCUNT, SUETOI/S, 1C1,S in ACCISPAY
Let NEWCEAL ke CUSTBAL + SUBIOT/C

Let NEWSpAL be SUFPLBAIL + SUBTCI/S

ARECREP <- CUST, NEWCEBAL in CUSTACCT 1ljcin ACCTREC

AEAYREP <- SUPPL, NEWSBAL in SUPACCT ljoin ACCTPAY

CUSTACCT [ CUST, CUSTEAL <- CUST, XEWCEAL ] ARECREE

SUPACCT [ SUPPL, SUPPLEAL <- SUPPL, NEWSBAL ] APAYKREE
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ACCIEEC
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Dlspilay accounts re
payable reports wit
2

CUSTACCT and

LATE
84,04,/06
84 ,04,06
84/04/C¢
84 ,04,/13
84,04/15
84,0421

DATE

84,/04,09
84/04/10
84,/04/10
84,/04/15
84 ,04/16
84/04,27

CUSTBAL

-1348.30

SUPPLBAL
-21373.0C
-12443.75

-4515.C0

h
SUERCCET,

cel
) o

AHQUNT

3275.0¢C
4826 .00
5910. 75
6131.0C
10552.00
1630.35

vanple and acccunts
he updates

tC
SUFICT/C TCI/C
172,00 9630255
4S7.25  €10.75
95.50  610. 75
172.00 610.75
250.00 610.75
4€7.25  610.75
SDEIQT/S  I0I/S
13€27.0C 32325.00
6456.25 32325.00
5¢10.75 32325.00
6131.00 32325.00
13€27.00 32325.00
6456.25 32325.00




55

BT — TP Y

Let SALES ke DTYCUT * COSIUNIT

let SUBTOTWH be egv + of SALES Lty WH

Let SUBTOTIT ke eqv + of SALES ty ITEM

et GOTSALES be red '+ of SALES

DUNMY3 <- WH, ITEMDESC, QIYOUT, COSTUNIT in ITEMMASI ijcin

(ITEMSTAT ijoin (ITEMCUT ijoin ITEMNGEN))

SALESREF <- WH, ITEMDESC, (TYCUT, CCSTUNIT, SALES,

SUBTOTIT, TOTISALES in DUNMMY3

Example 23 : Display sales report.

LY

SCEICIWH,

SALE SREF

WH ITEMEESC QIYOUT COSIUNIT SALES SUBTCI®H SLEICIIT LCTS ALES
01 blender 14-speed 1C 54.CC 540.00 540.C0 658.00 1324.75
02 rortable recorder 1 104.50 104.50 104.5C 1650 132U THS
03 microwave oven 1 65S%.0C 659.00 672.7Z5 £EE9.00 1324575
03 brcwn sugar 5 2465 1325 672 <25 13..25 13245175
04 blender 14-speed Z 54.00 108.00 108.00C €58.0€ 1324575
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Let CHEDIT
iet DEBIT
Let EALANC

LEDGEER <-

Exam

LECGER
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t=
lto
-3

2305.00
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ke red + of SUPPLEAL
pe red + of CUSTEAL
E te DEBIT - CREDI1T

DEBIT, CREDIT, EALANCE in CUSTACCT ujoin SUEACCT

ple 24 : LCisplay ledger report.

CREDII EALANCE
38835275 36030. 20
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MiKDS/FS (McGill Relaticnal Database System sith Functional
Syntax) is an interactive relaticnal expression interpreter built by
Ted Van Kkossum [4 ] for his master's thesis in 1983. It frovides the user
with a complete set of relaticnal jrcgramming functicrs such as the
relatiocnal algebra operations, domain algebra operaticms, ccnditional
execution functions, tranching furcticns, and housekeepinc furcticas.
MEDS/FS has a facility fcr relaticr mapijulation in arp interactive
envircnment as well as a facility to create new user cefined functicus
(UDF), which allow the user tc defire a new functicn as a series of
MRDS/FS functions which will be executed one after the cther without
user intervention.

MRDS/FS is an extensicrn cf MRDSA, a Pascal data sub-language
built by George Chiu [3] for his master's thesis ir 1982, wkich provides
the user with a litrary cf subrcutires fcr the execution of relational
operaticns such as prcject, mu-jcir, etc.

MEDS/FS reguires the following hardware anc scftware
environment :

- 8080, 8065, or Z-80 based microprocessor system sith

UCSD P-System versicn 4.C (cperating system)

128 K bytes of EAK

2 double sided disk drives or hard disk

MEDS/FS software (object code)
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Uur system prctctype will be inplemented cn tie IBM PC
using sample data.

we will show one example of how MRLS/FS wcrks.

Example 25 : let's consider the stock on hanc¢ repcrt

descritred in secticn 7.

Using ALDAT nctaticn

Let QTY/ITEM te egqv + cf QTY Ly ITEHM

BTUEKEEP <= WH, ITFEE., JITEMNDESG, JNITLESC, 0OTY, CIY¥,33EN

in ITEMMAST ijcir (ITEMGEN ijcin UNITGEN)

Using MRDS/FS functions

LET [ OTY/ITEM ] [ EQV + CF QTY BY ITEN ]

TEMP <— MJOIN [ I ]J[]{] ITEMGEK UNITIGEN

TEME1 <- MJOIN [ I ] []J [] ITENMFMAST TEME

STOCKREP <- PROJECT [ WH ITEM ITEMDESC UNITDESC QIY C1Y,/ITEM ] TEMP1

PEINT_REL [ STOCK CKF HAND FEECFT ] [ PBINTER: ] STCCEKEE

For a detailed description of the MFLDS/FS functions refer toc [4].




The Inventory Ccntrcl System fpresented irn this regport
represents a new apprcach to coping with the inventcry ccntrcl problen.
It uses the tools of the relational algektra, where data is crcanized
in the form of relaticns cr takles. The dcmain algetra, shich creates
new attributes as functions of existing attributes in a c¢iven
relation is used. MEDS/FS is an interactive relaticnal expression
interpreter, which prcvides the user with a set of relaticnal
programming functions suck as relaticral algebra operaticns, domairn
algebra operations, etc. And ALDAT, a high-level prcgramming language,
frovides the facility for easy programming and general relaticn
manipulaticns.

we have selected finished goods (end items in stock awaiting
shipment to customers) as the kasic tyre cf inventcry because it does
nct have many variables attached to inventory model. In acdition, we
also have selected safety stocks using recrder poirt as the restocking
technique since it is the best suitable fcr finished fprcducts in
factcry stock and field warehouse items.

At the present time, few ccmmercial systems suprort inventory
control ard these provide very easy tyres of inventcry stock such as
ABC classification and the prices of these systems are very €xpensive.

our inventory ccntrcl systen is capable cf generating many
reports such as stock-on-tkand repcrts, purchase orders, sales reports,

etc., which are very useful to the user for Letter cecisicrn raking;

moreover, it has the capaktility cf allcwicng the user to enter data
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(transacticns cn items, on suppliers, on payments, ob inventory, etc.)
interactively into the system relations (datakase files) with the aid
of the relaticnal editcr.
gur system has Leen designed in such a way that it is feasible
tc implement it in a micrccomputer, such as the IEM EC with a minimum
required configuration (refer to section 8), and ccrpseqguently become

affordakle for future use. .

In contrast, one of the drawbacks of our system is that
it is not easy to use by the user, who needs knowledce cf trle
relational algebra and ALDAT; hcwever, it has higher cperational
pcwer than many commercial systems availakle in the nmarket.

There is still a great deal cf wcrk to dc in the MRDS/FS
scftware. A Teport generatcr facility coculd be added to the existing
one which is very rudimentary, as well as a racility tc enalle the
user make validation frocess in the input data editiocn. Furthermore,
a replacement (update) function is also needed to be inilemented in

order to allow the user to make replacements of dorains in tke

existing relations.
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