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INTRODUCTION

NUMAQ is a program for HP 49g+ & HP 509 calculators.

Briefly, NUMAQ’s goal is to calculate the amount of machines needed per

workstation to produce a certain amount of products.

NUMAQ is developed in UserRPL and also uses an input form developed in
SysRPL. Initially, 1 made the input form with the help of Steen Schmidts’
InFormBuilder v1.81; then the form’s code was modified and significantly improved

by César Vasquez Alvarado.

Contents of the ZIP file (ENGLISH Folder):
NUMAQ.hp: HP directory with all variables needed to run the program. It

S
advisable to transfer this file to HOME by the means of an SD card.

NUMAQ_v1.1 Manual_ENG.PDF: This document.

NUMAQ_v1.1 Quick_Guide.txt: Brief version of this manual, to read on the

calculator.
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THEORETICAL FRAMEWORK

Suppose we have to produce “n” different products, each one of them must be
processed by one or more of the “m” workstations needed to carry out the
production. Suppose each workstation is composed by one or more machines of the
same kind, with a given standard process time for each product.

For each workstation we determine an efficiency E, utilization U and scrap rate p.

The plant will have to work a gross time of T minutes along a given time horizon
when demand of Di units for each product must be met. In the same time horizon,
we’ll have R minutes of time losses because of rest periods, lunch, etc.

The problem is to calculate the number of machines to be placed on each

workstation to meet demand at the planned time horizon.

INSTALLATION & NUMAQ DIRECTORY CONTENTS

To install the program, copy the file NUMAQ.hp to HOME, either using the USB

cable or through an SD card, the latter being more practical.

Using an SD card, the installation procedure is as follows:

-By the means of a PC with an SD slot, open NUMAQ.ZIP and extract
NUMAQ.hp to the SD card.

-Extract the SD card from the PC SD slot and put it in the calculators SD slot.

-Copy NUMAQ.hp from the SD card to HOME, using the Filer (Left Shift APPS).

For the remainder of the manual, it is assumed the user has FLAG 117 SET
(Soft Menu) and FLAG 95 CLEARED (RPN mode).
Located in the HOME directory, by pressing the VAR key we see NUMAQ

directory where all variables needed to execute the program are stored.

Inside the NUMAQ directory we find the following variables:
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n'c HEW K~ '
HE NUHAL: UEK

s

T N T e EE

nUHAS| FORM [DATAJRESUL] | |

NUMAQ: variable where the main program is stored, by pressing F1 the program
is run, opening the data input form in the first place.

FORM: SysRPL program of the data input form, used by NUMAQ program. It's
placed there just to be called by the NUMAQ program.

DATA: variable where data entered by the user (through the data input form) is
stored in a list.

RESUL.: directory where result variables are stored, after running the program

DATA ENTRY
Located in NUMAQ directory, pressing F1 (NUMAQ) shows the data input form,

as follows:

#ECALC NP OF WACHINES REQUIRED 3
TChinl EEITEEE FIninl Z00.
ECfi=1i0041 € .3 .3 .3 .3
Uci=ioodl € .85 .85 .85 .85
Dilunit] £ 10000, 5000, 2000, 120
tijlHinl £ { 4.35 2.15 2.75 2.5 &
pli=io0dl £ .005 005 005 005

GrafE TiHe in TiH@ harizan

EDIT] [ |  [cAncL] b |

The following data must be entered:

T [min] gross work time in minutes, for the given time horizon when demand
must be met. For example, if the plant works the whole year in 2 x 8h shifts, 5 days a
week, and demand must be met in a 1 year time horizon,
T[min]=2*8*60*5*4*12=230400min (holydays should be discounted if any in the time
horizon , example, if there were 15 holydays a year: T[min]=2*8*60*5*4*12 —
2*8*60*15=216000min). In this case, data to be entered is a number, for ex.: 230400.
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R [min] represents time losses (rests, lunches, etc), also in minutes for the given
time horizon when demand must be met. In last paragraph’s example, if we have
30min per shift for lunch and 15min for rest, R[min]=2*(30+15)*5*4*12=21600min.

Data to be entered is also a number, ex.: 21600.

E [1=100%] efficiency of machines in each workstation, for example amount of
time machines worked, divided by amount of time machines should have worked.
E=1 means 100% efficiency. Data to be entered in this case is a list of m numbers,
where m is the number of workstations, for ex. if we have 5 workstations the
efficiency list to be entered could be:

{ 09 08 095 075 08 }

U [1=100%] utilization of machines in each workstation. Utilization is the fraction
of time that's decided the machine will be producing. Commonly for this model we
suppose a utilization of 100% for all workstations, but in practice high utilization is
assigned to expensive resources (ex: 95%) while lower utilization is assigned to
cheaper resources. U=1 means a utilization of 100%. Data to be entered in this case
is a list of m numbers, where m is the amount of workstations, for example if we have
5 workstations, the utilization list to be entered could be:

{ 07 0.8 095 0.75 06 }

Di [units] demand, i.e. amount of units of each product type to be produced
during the planned time horizon. A list of n numbers should be entered, where n are
the different classes (or types) of products being produced. Example, if 7 different
product types are produced, the demand list could be:

{ 1500 2000 3400 2300 500 250 800 }

tijimin] are the production times, in minutes, for product i in workstation j. Ex.:

product 3 requires a 1.5 process time in worstation 5, hence '[35 =15

Data to be entered has the form of a “list of lists” with the following format:

{ {ty ot} {t tpetin) {tis taetia o {tyy toet
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Where n are the different classes (or types) of products being produced and m is

the amount of workstations. Each sublist contains the process times that one station

employs to process a unit of each product type, for example {t,; t,;....t,;}is a list of

process times used by workstation 3 to process one unit of each product type.

p [1=100%] scrap rate for workstations, ex: if workstation 3 produces 98 good

units for every 100 processed units, we say it has a 2% scrap rate, i.e. P; =0.02. A

list of m numbers should be entered in this field, for example for a plant with 5
workstations could be:

{0.04 0.1 0.08 0.05 0.01}

It is assumed the scrap rate is associated with the workstation, regardless of the

type of product being processed.

When all data is correctly entered, by pressing F6 (OK), the program will save
this data in N_MAQ_REQ variable in the hidden directory. It also saves this data in
global variable DATA to be accessible to the user in case of need for any further
calculation with this data.

After running the program for the first time, any subsequent execution of NUMAQ
will display, in the input form, data that was entered in the previous execution of the
program, so, should you made a mistake in the entry of any data or having to partially
change data regarding the last run, this way is much more comfortable for the user.

Manual changes of the DATA variable by the user will not affect the next
execution of NUMAQ, as the program in each execution calls the variable
N_MAQ_REQ from the hidden directory to auto-complete the fields of the input form,
and after the user makes the necessary changes to each field in the input form,
pressing F6 (OK) saves the data entered to variable N_MAQ_REQ in the hidden
directory and also saves it to the global variable DATA, and then perform calculations

and shows results on screen.
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DATA LIST FORMAT, DATA VARIABLE

After entering the data in the input form and pressing F6 (OK) the program stores
data entered in the DATA variable.
The DATA variable is a “list of lists” with the following structure, according to

previous definitions:

{T {E B, By} R{U U, U} { D, D,.D, } { {ty tyty} {t, typotp oty et b { Py Py

The user doesn’'t need to directly interact with this variable to run the program,
but as said earlier it can be useful if the user needs to do any other calculations

involving this data.

RESULTS PRESENTATION, OUTPUT VARIABLES

NUMAQ gives the following results (output):

WLJ., Work Load of each workstation in minutes, during the considered time

horizon. It uses the following equation to calculate it:

ATj, Available Time for production in minutes, for each workstation, during the

considered time horizon. It uses the following equation to calculate it:

ATj =(T-R)xE;xU,
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N, the “machine fraction”, a non necessarily integer quantity, representing the

theoretical quantity of machines one must have in each of the j workstations to be

able to satisfy demand. It uses the following equation to calculate it:

WL,
n=—->1=:
AT

Nj , the integer quantity of machines one must have in each workstation to be

able to satisfy demand, according the following criteria:

Nj:{x/xGZ A OSX—nj<l}

That is, if n; is an integer then N, =n,, otherwise N, is the integer immediately
superior to n;.

Results are presented individually at the stack and tagged, in the following order:

Level 4*m: WL,
Level 4*m-1. AT,
Level 4*m-2. n,
Level 4*m-3: N,
Level 4*k+4: WL,
Level 4*k+3: AT .
Level 4*k+2: N,
Level 4*k+1: N,

Level 8: WL, ,
Level 7: AT, .
Level 6: Ny
Level 5: N1
Level 4: WL,,
Level 3: AT
Level 2: n,
Level 1: N,,
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For the example we’ll see further ahead, results are presented in the following

way:

THOHE NUMARE U=k E-

=F T ATE: 1oRERE.
£t RE: . DEGSETTES]
5 He:l.
31 WLT:ZD6TI4. 6093070
I AT7: 126600,
2: n7: 1. $r27a5 1155
TLIWA] FORK | DATA RESULL ]

With a smaller stack font and removing the header, it's easier to see the order of

results previously explained, in this case m=7:

ia: HLG: 153237, FREiN2
11: ATS: 120000,
: n5:1.41156462525

[
-

ns:3a,

HLE: 116235, 520512
ATG: 120000,

nG: . IE3ZE7P551

ne:d,
HL7: 226724, 652278

ATZ:i3onoa.
: TR
nuHAe| FORM [ DATR JRESUL] [ |

= Pl ed ST S S T

In page 14 you can see the full output for the given example.

All the output data is stored as global variables in the RESUL directory, as seen

in the following images:

EAD HYZ HEX K~ 'H' FAD HYZ HEX K~ 'H'

~ME NUMAR REXUL> 07 1& 11:AFE ~HE NUMA¢ REXUL> 07 17 11:AFE
ik i

=E G

o o

g1 L

o =}

2 2

1: 1:

[ WLl | ATL | ni | nd | WL2 | AT2 | | nd | N2 | ML [ AT2 | n? | 02 |
EAD HYZ HEW K~ 'H° RFAD HWYZ HEW K~ 'H'

~ME NUMAZ REZLLZ 07:17 11:AFE ~ME NUMA¢ REXLLZ> 07:1F 11:AFE
i i

=L H

- =H

g1 s

ot =H

i i

[ HLY | ATH | nH | nY | HLE | ATE | | n5 | N5 | HLE [ ATE | n& | NE |
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RAD HYZ HEH Ko '3
~HE NUKARY RESULY 07:1g 11:AFF
i
=H
aH
L H
=H
=H
1:
(WL fate [ e [ 07 | | |

It's important to notice that every time NUMAQ is ran, all global variables

previously stored in the RESUL directory are overwritten with new values.

EXAMPLE

A factory produces nine products using seven workstations. Standard production
times tij (in minutes) for each product in each workstation are given in the table

below. Also annual demand for each product is given.

Workstations
ST1 ST2 ST3 ST4 ST5 ST6 ST7 Demand
P1 2,5 0 0 0 1,7 0 0 20000
P2 0 0 0 3,2 0 0 1,8 30000
P3 0 0 1,5 0 0 2,1 0 20000
P4 1,3 0 0 0 0 0 0 50000
Products P5 0 2,1 1,5 0 0 0 0 75000
P6 0 0 0 2,8 0 0 1,2 35000
P7 0 0 0 0 0 0 1,7 80000
P8 1,8 0 0 0 2,2 0 0 60000
P9 0 0,9 2 0 0 1,5 0 48000

The factory works for a single 9h shift a day, 250 days a year. Workers have 45
minutes for lunch and a 15 minutes break in the afternoon.

There’s a 2% scrap rate for all products in all workstations.

To make things simpler, efficiency and utilization are considered to be 100% for

all workstations.

Calculate the quantity of machines needed in each workstation to be able to

satisfy demand.
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Resolution:
1) Calculate the gross work time for the year and time losses for the year due to
lunches and breaks.

x250 days = 2250 hx60 % 135000 min

T=9
day

R= (15+45)?x250 dias= 15000 min
1a

2) Calculate the Work Load (WL) for each workstation.

n
Z D, x tij
i=1

WLJ. =1
D,xt,
WL =51 _ 20000x2,5 +30000x0+20000x0+50000x1,3 + 75000 x 0 +35000x 0 +80000x 0+ 60000x1,8 + 48000 x 0
tol-p, 1-0,02

WL, =227551,02 min

n
> Dixt,
WL == _ 200000+ 30000 %0+ 20000 x 0+ 50000 x 0+ 75000 x 2,1+ 35000 x 0+ 80000 x 0+ 60000 x 0+ 48000 0,9

2 1-p, 1-0,02

WL, =204795,92 min

D. xt
s ~20000x0+30000x0+20000x1,5+50000x0+75000x1,5+35000x0+80000x0+60000x0+48000 x 2

—p, 1-0,02

Mo

s

WL, =

WL, =243367,35 min

n
D. xt.

WL _i; " 20000x0+30000x3,2+20000x0+50000 %0+ 75000 x 0 + 35000 x 2,8 + 80000 x 0 + 60000 0+ 48000 x0
4" 1-p, 1-0,02

4

WL, =197959,18 min

n

D.xt.
; "5 20000x1,7+30000 %0+ 20000 x 0 + 50000 x 0+ 75000 x 0 + 35000 x 0 + 80000 x 0+ 60000 x 2,2 + 48000 x 0
S 1-pg 1-0,02

NUMAQ v1.1 — Daniel Oliva — jdoliva@gmail.com Page 10 of 14



NUMAQ - Number of machines to use on workstations

WL, =169387,76 min

n
WL, =EL

6 _ 20000x0+30000x0+20000%2,1+50000x0+75000x0+35000x0+80000x0+60000x0+48000x1,5

D, xt,
6 1-pg 1-0,02

WL, =116326,53 min

WL,

D, xt.
_= i _ 20000x0+30000x1,8+20000x0+50000%0+75000%x0+35000x1,2+80000x1,7+60000x0+48000x0

1-p, 1-0,02

WL, =236734,69 min

3) Calculate the available time AT for each workstation.

AT, =(T-R)xExU,

In this example, as efficiency E and utilization U are equal to 100% for all
workstations, then available time for work is identical for all workstations:

AT, = (135000 -15000) x1x1=120000 min V]

4) Calculate the machine fraction n for each workstation, that is, a non integer
representing the theoretical amount of machines every workstation should have to
satisfy demand for all products. The number of machines N needed for each
workstation is deduced from the machine fraction n, N being the immediately superior
integer for each workstation with an n machine fraction.

_ WL,

n, = NjZ{X/XEZ/\OSX—nj<1}
AT]-
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n, = WL, _227551,02 rnm 1,896 = N,=2
AT, 120000 min
N = WL, 204795,92 min
? AT, 120000 min
n, = WL, 243367,35 rnm ~2,028= N, =3
AT, 120000 min
n, = WL, _197959,18 mln _1,650= N, =2
AT, 120000 min
WL, 169387,76 min
AT, 120000 min
WL, 116326,53 min
AT, 120000 min
WL, 236734,69 min

n, = = —=1,973= N, =2
AT, 120000 min

=1,707= N, =2

=1,412= N, =2

=0,969= N, =1

The quantity of machines needed for each workstation is given in the following

table:
ST1 ST2 ST3 ST4 ST5 ST6 ST7
2 2 3 2 2 1 2

SOLVING PREVIOUS EXAMPLE USING NUMAQ

Start by going into NUMAQ directory, then we should see the following:

EAD ®YZ HEX K~ 'R’
LHOHE NUHAL: UEk

Ll W TR BT [n R

nuHAC] FORM [ORATRRESUL] | |

Pressing F1 (NUMAQ) the data input form will show. In case you run the

program for the first time, some default data will appear.
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#2CALC N9 OF WACHINES RECUIRED 33
TCHin] EEITUNEEE F[vinl 200.
ECi=1io0#1 € .3 .3 .3 3 3
Uri=iondl € .85 .85 .85 .85 3
Dilunit] { 10000, 5000, 2000, 120
tijlHinl € € Y4.25 2.15 Z2.7F 2.5 &
pli=i00:d1 € 005 005 005 005 2

Grozs TidHe in TiHe hdrizaen

EDIT] | |  [CANCL| OH |

We enter the following data (T and R must be calculated previously), pressing
ENTER after typing the data corresponding to each field:

T=135000

R = 15000

E={ 1111111}
Uu={ 1111111}
D,={ 20000 30000 20000 50000 75000 35000 80000 60000 48000 }

t,={ { 25 o 0 13 0 0 o 18 o0 }

{ 0 0 0 0 2.1 0 0 0 09 }
{ 0 0 1.5 0 15 0 0 0 2 }
{ 0 3.2 0 0 0 2.8 0 0 o }

p={ .02 .02 .02 .02 .02 .02 .02 }
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Once all data is entered, press F6 (OK). NUMAQ will run for a few seconds

(aprox. 6 seconds for this example on an HP 50g) after which the following results

will be shown at the stack:

LHOHE MUNARY UzF E-
TER WL 197909, [2267E
15: AT4: 128806,

THOHE NiUWAge: Uzk K-

7 CCTATE! 1 PREAE,
X NG . 9693877551
5 H&:l.,
d:  WLT:Z36734. 693578
Er AT7: 126868,
§: sl 9?2?59h%555
NUHAE] FORR | DATA JRESUL] | |
THOHE NUMAR> U=k F-

ek ATZ: 1=BHE6EA,

14: nd: 1.849535398635394
1=: Hd: 2.
122 ML3: 1&93257.73251082
11: ATS: 1288HEA,
18: n3: 1.41138452355
EL Ha: 2.
[ ECHi | WTEM [ EDIT | PICK [ ROLL [ROLLD|
LHOHE NUNHAYS Uk F

e AT1: 1288684,

225 N2 128.53361224449 25 nl: 1.596232568354
21= Hz2: 129, 2. M1: =2.
Z2@ds ML= 243367, 245929 235 MLZ: 154267=4.5939
19: ATZ: 1286800, 2 AT=: 1288680,
18 n3i Z.8z288612:2449 22 nZ2i 1258.3561224493
17+ H3: 3. 21 Ha: 129,
[ECHO | WIEW | EDIT | FICK | RLL [RALLD| [ECHO | WIEW [EDIT [ FICK | ROLL [ROLLD]
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