HP Prime TORA

Platform: HPPrime

Software version: 2.1.14730 (2023 04 13)

Hardware version: D

Programming: HP PPL

Calculator Mode: Radians, Standard Number Format
Type: App

Version: 1.4 (31/01/2025)

Size in HPPrime: 246 KB

Description

HP PRIME TORA is a program to solve Linear Programming exercises with the simplex method
(variants of Constraints <,Gran M, Two Phases, Dual Simplex) and the Graphic method.

Installation:
With the calculator connected or with the emulator open, the HPPrime TORA.hpappdir folder
can be dragged into the HP Connectivity Kit:
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Using the program:
Once the program is installed as an application, it will appear in the Application Library from
where it can be opened by clicking on it or selecting it and pressing Enter:
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Note: If you obtain a screen like this:
HPPrime TORA Symbolic View

v Il V1|(6+X+4%Y<=24) AND [1%X+2%Y<=6] ANI
v Il V2: 6%X+4%Y=24
v Il V3: 1$X+2%Y=6
VI V4 - 1R EY=T
v Il V5: 0%X+1%Y=2
B ve:
B v

Enter an open sentence

| Edit L v | x| v |show | Eval J

Shift | [ l
Then you have to compile the program again: Press [. ram_v| and select the app
program:

Program Catalog

S2 HPPrime TORA (App)

lrnr'r-||~.|-|"|' A T LD

---

After that press Edit then Check and OK:




HPPrime TORA:Main(PPL) HPPrime TORA:Main(PPL) S
R L LR LR LR L bbbl o I B e e S L L e L T LT LT
2// HP Prime TORA 1.3b 2// HP Prime TORA 1.3b
z// By Carlos Mavarro Cera z// By Carlos Mavarro Cera
4// En esta versidn 1.3: 4// En esta wversion 1.3:
s/ -se cambia fondo para visualizar s// —cp ramhia fondn nara wisualizar
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18HPPrimeTORA(); //Prototipo 1o HPPrimeTORA(); //Prototipo
11 LOCAL tituloProblema:="", fObj; 11 LOCAL tituloProblema:="", fObj;
12 LOCAL MatrizRes, L{FtESigHDS, MatrizRH 1zLOCAL MatrizRes, ListaSignos, MatrizRH
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Finally, press OK ,

Then a welcome screen will appear:

Enter J
=

HP Pdnme ORA version 1,3b
Methods: simplex <=, Big M, Two F'hase,
Dual Simplex and Graphic
©2023 Carlos Navarro Cera (HPCarnace)
Ing. Ind. Universidad del Atlantico

Press [Enter] or [Esc] to continue...
Closing in 6 seconds

This screen can be skipped by pressing Enter or Esc
Then the main menu appears:

(1P | ] config [Eimina About | Exit ]
In this screen you must select the first button of the Menu (PL) and it will ask if you want to
Enter a New Problem or Select a stored variable.

Introduce A New Problem:




With this option you must write all the data of the problem (later it will ask if you want to save
that data in a variable), for example:

If you want to solve the example of the book Operations Research (Taha), Reddy Mikks model:
Maximize z = 5x; + 4x;

subject to

6x; + 4x; = 24 (1)
X+t 2x;= 6 (2)

—Xq + Xy = 1 3}
n= 2 (4)
x,x2= 0 (5)

You must write: (non-negativity restrictions are implicit, that's why 4 restrictions are written):
HPTora Simplex Method bl

Problem title: |Reddyf Mikks

Maximize:

Minimize:
Mbr. of Variables: 2
MNo. of Constraints: 4
No. decimals: 2

Show as fraction:

Problem name

ot L ] | lcancell OK |

After giving OK, it will request the Objective Function (Maximize z = 5x; + 4x,), which must be
written as a matrix:
Objective Function

Max Z=[[[5, 4]]

Func Obj in matrix form

2]

NSRS S S 7 T

After giving OK, it will ask for the first restriction: 6x; + 4x, < 24 (1), which must also be written
on the left side of the inequality in matrix form:




Constraint No 1

(15, 411 <= ® 24

Constraint in matrix form

i3]

(SR SN SR S ) T

Then the same should be done with the foIIowmg constraints:
Constraint No 2 o

0, 21 <= |6

Constraint in matrix form

|l*| 2
----- (x, + 2%, < 6)

Constraint No 3

Constraint in matrix form
-1 1 +
+ +

1] Jcancel| ok [ESORNRRED




[0, 1] <= 2

Constraint in matrix form

]

|| | [cancel| Ok JINPEP)

Then it will ask if we want to save the data. If we select Yes, it will request a variable name,
which can be selected in case we want to solve the same exercise by another method (such

as the Graph method):
Save Problem

Variable name: |NoName

Write variable name
ReddyMikks

(SR SN [ S ) T

The variable name must conform to the HP Prime variable naming rules, otherwise it will not
save anything.

Then it will ask the method to select:
HPPrime TORA

HP Prime TORA
© 2023 Carlos Mavarro Cera

(HPCarnace) Select method:

%E?ECEE%??; 1All constraints <=

2M-method
2Two-phase method
4Dual Simplex
sGraphic

(SRR SO (RN A — T




In this case, since all the constraints are <, you can use the first method (All constraints <=)
and the Graph method (since there are two variables: x1 and x2)

All constraints <=:

The right hand S|de of all |neuaI|t|es must be positive. The first Simplex table will appear:

}i'.2 51 | 5 53 54 SDLUT[Dh
. . . . . 0.00
6.007] 4.00)1.00{0.00)0.00 'CI.'CI':I 24.00

]
3

1@
=
=

w
™
0
LA
=]
=
i
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

& | 1.00]2.00(0.0001.00[0.00)0.00[ &.00
3 |-1.00] 1.00]0.00]0.00{1.00j0.00{ 1.00
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Enter X1 leave si

The variable that enters for the next iteration will be highlighted with green lines and the variable
that leaves will be highlighted in red. At the top of the table it will show the selected method,
the iteration number and the problem name. At the bottom will appear the input variable and
the output variable.

Either Esc or Enter must be ressed to continue to the next table or iteration.

Hma)| X1 | X2 51 | s2 53 54 SDLLIT[Dr'.
Basic [0.00}-0.67| 0.83|0.00{0.000.00[ 20.00
X1 [1.00] 067|047 [0.00J0.00(0.00] 4.00
52 (0.00] 1.33-07(1.00/0.00(0.00) 2.00
53 [0.00) 1.67 | 047 (0.00)1.00(0.00]  5.00
4 [0.00] 1.00( 0.00 [0.00j0.00(1.00] 2.00

Enter X2 |eave 52 (tableau 2)

53 54 SDLUT[Dh
0]0.00 CI.'."S- 0.5010.00{0.00] 21.00
1.00]0.00] 0.25 [-0.50{0.00]0.00f  3.00
0]1.001-0.13]) 0.7510.00{0.00]  1.50
0.0010.00{ 0.38 [-1.25(1.00]0.00]  2.50
0]0.00] 0.3 -0.75]0.00[1.00]  0.50
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Since two display decimal places were selected, the results are displayed that way. At the end,
it shows a summary:

!rc E:F{E!!}’ MI!!S

Final iteration No.:3

Final state: (optimum)
Objective value (Max) = 21.00
1 =3.00

M2 =1.50

53 =2.50

54 =0.50

In case of having selected to show the data as a fraction, they would look like:
HPTora Simplex Method el All Const, < Tableau 3 (optimum) [Reddy Mikk
= X1 [KZ] 51 | 52 [53|54]SOLUTION]|
Problem title: Reddy Mikks Basic [0[0]374[1/Z[0]0] 27
¥ |1]|0|1/2|-172|0]0 3
Maximize: Y2 |01 B[00 32
53 |0|0|WE[54[1]0] w2
Minimize: & |00 /B3 a[1] 172

Mbr. of Variables: 2
Mo. of Constraints: 4

Mo. decimals: 2

Show as fractic
Show as fraction

e e e | CGEL | e DK
wm

Final iteration Mo.:3

Final state: (optimum)
Objective value (Max) = 21
1=3

M2 =3/2

53 =5/2

54 =1/2

Stored Variables:

If a stored variable is selected, several already loaded will appear:




HPPrime TORA Select the variable to load

HP Prime TORA : .
Variable: [+ datosD
© 2023 Carlos Navarro Cera q
(HPCarnace) atos1
carnace@gmail.com ReddyMikks
Todos los de Ejemplo3_5_3
tIntroduce New Problem OzarkFarms
z5elect stored variable Ejemplo2_4_1
Ex2 4 9

Select from drop down list
(NN N D (N S T 200 (NN (S VN S_——
The variable datosO and ReddyMikks contain the same information.
The variable datosl1 contains example 3.4-1 from the Operations Research book (Taha).

Big M method:
Example 3.4-1

Minimize z = 4x; + xa
subject to

3+ =3

4 + 35, =6

N t+2np=4

X1. X2 = 0

20t dd

HPTora Simplex Method s Objective Function

Problem title: [Ej3.4-1 Min Z=[[4, 1]]

Maximize:

Minimize:
Mbr. of Variables:

Mo. of Constraints:

MUJM..:“

Mo. decimals:

Show as fraction:
Problem name Func Obj in matrix form

Ceic] | ] Jcancell ok Jedt] | ] Jcancell ok |




Constraint No 1 Constraint No 2

I3, 111 = ¥ 3 [[4, 311 >= 6
Cnnstraint in matrix form Constraint in matrix form
--- ---

Constraint No 3 HPPrime TORA

HP Prime TORA
© 2023 Carlos Mavarro Cera

[, 211 <= 4 (HPCarnace) |[EESNPATETLTE

carnace@gmai

1 i <=
Todos los dere All constraints

zM-method
2Two-phase method
4Dual Simplex
sGraphic

Constraint in matrix form

720 N N S (= TT) T3 (S VS S — T




M value:[100

Write the value of M big

LBt | ] | [cancel] oK |
—W

Zmin)|[ X1 51 52 R2 |SOLUTION
Basic |0.00 1E-'.-‘.{I{l 100.00 ﬂ.ﬂ{l-232.ﬂ{l 0.00( 204.00
¥1 [1.00] 033 | 0.00 |0.00f 033 000 1.00
RZ (0.00] 1.67 | -1.00 |0.00] -1.33 |[1.00{ 2.00
52 |0.00] 1.67 | 0,00 [1.00f -0.33 |0.00[ 32.00

Amin)[ X1 I{Z 5 5 R RZ |S0OLUTION
Basic |696.00/399.00]- 1{Iﬂ.".]{l 0.0010.00{0.00] 900.00
R1 | 300 | 1.00 | 0.00 |0.00{1.00)0.00{ 3.00
R | 400 | 3.00 | -1.00 [0.00(0.00]1.00[ &.00
sd | 1.00 | 2.00 | 0.00 [1.00]{0.00]0.00{ 4.00

Enter X1 leave R1

let. Big M Tableau 3 [Ej3.4-1
Amin)| X1 [ X2 | s1 52 R1 RZ  [SOLUTION
Basic (0.00)0.00| 0.20 (0.00]-98.40-100.20]  3.60
*1 [1.0010.00| 0.20 (0.00] 0.60 [ -0.20 0.60
¥2 0 (0.0001.00-0.60(0.00]-0.B0( 0.60 1.20
52 (0.00)0.00] 1.00 (1.00] 1.00 | -1.00 1.00

Enter X2 leave R2

Met. BIE’l"-.'l Tableau 4 {optimum]) [E3.4-1
rmin[ X1 [ X2 | s 5 R RZ  [SOLUTION
Basic (0.00)0.00{0.00(-0.20-98.60(-100.00] 3.40
1.00(0.00/0.00]-0.20 0.40 | 0.00 0.40
0.001.0010.00{ 060 [-0.20 [ 0.00 1.E0
0.0000.007.00( 1,00 1.00 | -1.00 1.00

A

Enter 51 |leave 52

!rc elf3.4-1

Final iteration No.:4
Final state: {optimum)
Objective value (Min) =
1 =040

2 =180

=1 =1.00

3.40




Double Phase Method:
HPTora Simplex Method

Problem title: [£j3.4-1

Maximize:

Minimize:
Nbr. of Variables: 2
No. of Constraints: 3

No. decimals: 2

Show as fraction:
Pmblem name

---

Amin) ¥1 | X2 5d SOLUTION Emin){ X1 KE 5 R‘ RE SDLUT[DN
Basic |7.00 4.{I{I-‘I 00 ﬂ.{l{lﬂﬂ{l {I.{I{I 9.00 Basic |0.00(0.00 {I{I{I 0.00]-1.00]-1.00]6.00:-12
R1 |3.00]1.00] 0.00|0.00{1.00)0.00{ 3.00 X1 [1.00]0.00{ 0.2010.00] 060 [-0.20{ 0.e0
R |4.00]3.00]-1.00]0.00{0.00)1.00{ 6.00 X2 [0.0011.00(-0.60[0.00]-0.80[ 0.00[ 1.20
s |1.00]2.00] 0.00[1.00{0.00j0.00f 4.00 54 [0.00)0.00{ 1.001.00) 1.00 [-1.00{ 1.00

Enter X1 leave R1

HPPrime TORA S ﬂmﬁ e ESDEHILUT[DNI
. minj 5 5
HF Prime TORA Basic |-1.0e11 |-1.0=12 | 0.200.00] 3.60
© 2023 Carlos Navarro Cera X1 | 1.00 000 [0.20]0.00] 0.60
(HPCarnace) X2 | 0.00 100 |-0.60/0.00] 1.20
carnace@gmail.com s2 | 0.00 000 [1.00(1.00] 1.00

Todos los derechos reservados.

End of phase 1: Feasible solution
found--5tarting Phase 2




Amin)f X1 ¥ |s sd [SOLUTION

Basic|-1.0e-11 [0.00]0.00-0.20] 3.40
Eil 1.00  10.00(0.00]-0.20] 0.40
EH 0.00 ]1.00{0.00]060[ 1.BO
51 0.00 J0.00[1.00)1.00f 1.00

X1 =040
%2 =1.80
s1=1.00

Dual Simplex Method:

HPFTora Simplex Method

Problem title: [Ej3.4-1

Maximize:
Minimize: +/

Nbr. of Variables: 2
MNo. of Constraints: 3
12

Mo. decimals

Show as fraction:
Froblem name

Cancel
E|3.4-1
Zrmin)[ X1 2| s 5 53 | 54 |SOLUTION
Basic [-4.00/-1.00{0.00{0.00[0.00]0.00[ ©0.00
1 [3.00(1.00 1.00[0.00j0.00[0.00] 3.00
52 [-4.00[-3.00]0.00(1.00]0.00[0.00] -6.00
5 1.00| 2,00 (0.0010,001.0010.,00[ 4.00
-3.00/-1.00/0.00{0.00f0.001.00] -3.00

| LA
| L

HPPFrime TORA

HP Prime TORA
© 2023 Carlos Navarro Cera

WA o cc e
Todes Iosﬁere 1All constraints <=
zM-method
2Two-phase method
4Dual Simplex
sGraphic

Dual Simplex Tableau 4 {optimum) [Ej3.4-1

Zirnind| X1 | X2 | = 5 53 4 [SOLUTION

Basic (0.00)0.00(0.00(0.00-0.20(-1.40]1 3.40
1 [0.00(0.0007.00]0.00{0.00] 1.00 0.00
W2 (0.000.0000.00{0.000 060 [ 0.20 1.B0
A1 (1.0000.00)0.00(0.00(-0.20)-0.40[ 040
52 [0.00(0.00)0.0001.00( 1.00-1.00{ 1.00

Enter ¥2 leave s2




!rc ef)3.4-1

Final iteration Mo.:4

Final state: (optimum)
Objective value (Min) = 3.40
s1=0.00

2 =1.80

M1 =040

52 =1.00

Graphic Method:

In this method, the feasible region of a linear programming model with two unknowns (X,y or xi,

X2) is visualized.

Selecting the same Reddy Mikks example:

HPTora Simplex Method ke
HP Prime TORA

Problem title: |Redd Mikks
y © 2023 Carlos Navarro Cera
Maximize: (HPCarnace) Salect method:

carnace@gmai

HPPrime TORA

Minimize: Todos los dere 1All constraints <=
Nbr. of Variables: 2 ZM-method
. zTwo-phase method
Mo. of Constraints: 4 p,
, 4Dual Simplex
No. decimals: 2 sGraphic

Show as fraction:
Problem name

LBt Lo Lo ). Jeancell ok I L L L L | OK]
A calculation screen will appear (it can be slower in the real calculator, but in the emulator it is
a bit faster. Possibly it will be fixed in future versions):

Calculating...17.93% Lines: 53
Then it will show at each vertex of the feasible region how the solution of the objective function
changes:




)

Z(Max)= 0.00, X=0.00¥=0.00 Z(Max)= 18.00, X=2.00Y¥=2.00

S

Z(Max)=21.00 X=3.00 ¥=1.50

It is possible that the final screen does not show an optimal solution, for example, when it is an
unbounded area or there is no solution, so it must be checked with the other methods.

N

Warning:

There may still be some errors, since | have my calculator since May 3, 2023 and this is my
first program for the HP Prime, there may also be cumulative rounding errors due to the
precision of the calculator.

Thanks:

(in no specific order)

Edwin Cérdoba for his VigaG program and for the help to make the Application work in the
emulator (for those who have the same problem, you have to run the emulator with Windows 8
compatibility).

Responsibility
I am not responsible for the possible damage that this program may cause at the data level or
at the physical level in your calculator.




Comments or suggestions

Carlos Navarro Cera

Industrial Engineer Universidad del Atlantico, Barranquilla - Colombia
carnace@gmail.com

Versions:

1.0First version of the program (June 28, 2023).

1.2 (08/29/2023) :

» An application file (Config.txt) is now used to store program settings (such as maximum

number of iterations, etc).

e

4Bl Select method:
Winston Example6 4 ed

e, Mo suitable method selected,
_o_l Two Phase will be used

T TWO-prase Metnoa
4Dual Simplex

* A custom MSGBOX created with GROBSs is now used:

. You can now use the touch panel in simplex tables:
1ase 1 Tableau 1 [Winston Exampled 4 ec
IEE 2 EE] X4 51 52 53

£ |407.0000)208.0000{155.0000/509.0000/-1.0000(-1.0000]-1.000C
400.0000{200.0000{150.0000/500,0000/-1.0000) 0.0000 | 0.0000
3.0000 | 20000 | 0.0000 | 0.0000 |0.0000]-1.0000{0.0000
£.0000 | 20000 | 40000 | 40000 |0.0000]0.0000 [-1.000C
2.0000 | 40000 | 1.0000 | 5.0000 |0.0000]0.0000 [ 0.0000

< =

scrolling with touch screen

General configuration

Epsilon:|0.000000001
Max Iterations: 100
Xxmin: -0.5
¥min: -0.5

Labels on Axes
X Tick (Gr... 1 uto X Tick (Graph Meth.)

Y Tick (Gr... 1 uto ¥ Tick (Graph Meth.)
Enter the limit of E for the conversion to 0

+ New Config Dialog: (EEEIS SN SREZYENRNE) CIT) TN

* Improves the graphical method by showing grid:



mailto:carnace@gmail.com

Pt ey

Z({Max)= 4.00, X=0.00Y¥=1.00 Z(Max)=21.00 X=3.00 ¥=1.50

1.3 (02/10/2023):
» Dark Mode display is improved:
pl

1

New in ver 1.3:
-Dark maode fixed.
-In graph method: constrains

enumerated: -

Nbr. of !

No. of Co

SN Title:Ejemplo

E75000.0 700 7.200 8.100] 1.3 12 | 0.000

i ] 0 - 7593750 | [ ) -6562[7.187-8.125] 0313|0312

7.000]-2.000 2 125 | 2375000 ’ ; 5000.000 0625 0.675-1250] 0125|0425 T 00.000

0.000] 11,000,000 TS0000.0_| s 687 [0.000 0.000] 0.062 |0.000 X 31250.000

[0:000] 0.000 | (5620000 ; T6875.00 HP Prime TORA 000[0.562 0.000[ 0.000 |0.062 : 00.000

0.000] 0.000 |€.000|0.375]0.000] 0.000 7500000 ‘Alternative solution detec 0,000 0375 0000|0000 Eo

[0.000] 7.000 | £.000 | 0.000[0.000] 0.000 5000000 The next iteration will generate the alternative tableau 312 0.000 0.000] 0. 0.000 00} Yot

0.:000] 0.000 |C.437]0.000|0.000] 0.063] 04 7312500 Enter X1 000 0.637_0.000 -0.063, 00 J1 :

0.000] 0.000 | C.000 | 0.625[0.000] 0.000] -0 35000.00 |eave 56 0.000 0625 000 - 75000.00 |4 5000.000

0000.000 5625.000
25.000 3125.000

0.000 25000.000

* In the graphical method the target value is now displayed in a red circle. In addition, the

restrictions are numbered:
75 I I

E
N

Z(Max)=21.00 ¥=3.00 ¥=1.50

e The feasible point is shown in the graphical method in a red circle, the restrictions are listed
1.4: (January 31, 2025)

el exicographic tests are added (Prawda Juan. Métodos y Modelos de Investigacion de
Operaciones. Vol 1. Métodos deterministicos. México: Limusa. 2004. p. 122-126) 11/08/2024




Limitations:

e There may be rounding errors.

eIn the Big M method, confusing results can be obtained when selecting an “inappropriate big
M?, that is why this method is not used much in computers and the Two Phase method is usually
used instead.

eThis program is purely academic, so it is not a commercial program to be distributed with any
payment. This program is free.

e| hope to fix the bugs and expand the capabilities of the program with other features.
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