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Dyalog App Library

e TAMSTAT — TAMing STATistics Package

New features include

* Non-Parametric Statistics

* New Anova Designs

e Theoretical Probability Graphics

* ADAGE — A Dyalog APL Generalized Equation Solver
e TAMSTOP —TAMing STock OPtions
* TaMPA — Taming Mathematical Programming in APL



What is Mathematical Programming (MP)?

* A mathematical program (MP) has three components:

1. Decision Variables —e.g. How much product to make X;,X,,..., X,
2. Objective Function - e.g. profit f(X{, X5, ..., X},,)
3. Constraints — e.g. resource limitations g, (X1, X5, ..., X,,) < by,

 Linear Programming (LP) is a special case of mathematical
programming where
(X1, Xy, ., X)) = 21 ¢iX;, and
Ik (X1, X3, o, Xy) = Xioq g X; -



Linear Programming

* In linear programming we can replace summations with matrix
notation.

 The matrix notation for linear programming (LP) is:
max c'x subjectto Ax <b
X
 Where c is the vector of coefficients in the objective function, A is a

matrix of coefficients for the constraints, b is a vector of resource
limitations, and x is a vector of decision variables.

 APL is a natural way to handle linear programming due to its array
handling capabilities.



APL Syntax for LP/NLP

 We propose the following syntax for linear programming (LP) or (NLP) :
NS « [ optimize ¢ x subjectTo A x < b
NS « | optimize f x subjectTo G x 2 0

1 1 1 1 1
Result Runs the builds a creates a right
Namespace LP/NLP tableau namespace arg

maximize « [ optimize A Monadic operator with left
minimize « | optimize @A oper. produces max or min

Key: Array Function Operator NameSpace



Example 1: Blue Ridge Hot Tubs

Hot Tub Aqgua-Spa | Hydro-Luxe | Typhoon- | Resources
Brand: Lagoon Available:

Unit Proflt $350 $300 $320

Pumps 1 1 1 200 pumps
Required
Labor 9 hours 6 hours 8 hours 1566 hours

Required
Tubing 12 feet 16 feet 13 feet 2880 feet
Needed



Questions to
ask

 How many hot tubs of each type
should Blue Ridge produce?

e What is the maximum profit?

 How much additional profit can
be realized with additional
resources?

 What are the costs of deviating
from the optimal solution?

This Photo by Unknown Author is licensed under CC BY


https://www.flickr.com/photos/eileenmak/5156330660/in/photolist-8RDxsL-c6FFgh-8nbzfX-8neGnj-8nbzii-8neGm9-95wNko-cd2ZW9-a64iWU-bGWApH-8Svz5q-VZy6G-oCr55c-FfBzX-vXbpd5-4Fmytv-vXbBrJ-wTsUQo-JvGapb-4Zr9YF-vXkdxt-wUcCrD-vXk3Pk-vXkfyT-wBAkFd-vXk3ni-4VTqCS-4kmHRx-7NMsHk-Eoft1r-2dZ9Vjx-8cxKKh-2h5U861-e4Bfpd-6myKb-8cxKS3-J3SSWB-rRHgV-EtgcP-23oN47N-24LGVdz-yTzSx-9nMWxp-Tf2uEQ-xv3wVv-7WQkVR-51wMQ6-6PULu9-7dJonQ-6768jC
https://creativecommons.org/licenses/by/3.0/

Problem formulation in mathematical

notation

X; = Number of Agua-Spas to produce
X, = Number of Hydro-Luxes to produce
X3 = Number of Typhoon-Lagoons to produce

Maximize 350X; + 300X, + 320X,
Subjectto: X;+ X, + X3 < 200
9X; + 6X, + 8X3 < 1,566
12X; + 16X, + 13X; < 2,880
X, X, X3> 0

Let
X1 350
X = X2 c =300
X3 320
1 1 1
A=19 6 8 b =
12 16 13

Maximize ¢’x subjectto Ax < b

200
1566
2880

|



Problem formulation using TAMPA

c«350 300 320 A Objective coefficients
A<3 3p1 1 1 9 6 8 12 16 13 A Constraint coefficients

1 1 1
9 6 8
12 16 13
b«<«200 1566 2880 A Resource limitations
NS<«maximize ¢ x subjectTo A x < b A Perform the LP
NS.Decision A Produce 122 Aqua Spas and 78 Hydro-Luxes
122 78 0

NS.ShadowPrice @ Each add’l pump available contributes $200 to profit
200 16.66666667 0 A Each add’l labor hour contributes $16.67 profit

NS.ReducedCost a Each Typhoon-Lagoon produced reduces profit by $13.33
0 0 "13.33333333



NS<«maximize ¢ x subjectTo A x

NS« A x<b

INS.Onl 2 3
A b rel

NS.rel

IA

NS« ¢ x subjectTo NS

INS.Onl 2 3
A T b C rel
NS.T A Tableau
200 1 1 1100
1566 9 6 8 010
2880 12 16 13 0 0 1

NS<«maximize NS
NS.Onl 2 3
A
Decision
Objective
ReducedCost
ShadowPrice
T
b
C
optimum
rel

<

b



The x operator depends upon the structure
and class of its operands

x<{Aoo: A Matrix al[i;j] = coefficient of ith constraint, jth variable or function array
Aww: Relation, e.g. < or train (<,=,2) or subjectTo function
Aw: b - right hand side of constraints
A<: Namespace containing values
2=[NC'w"' : 0l {NS<[INS "' A Create namespace
NS.b«w ¢ NS.rel«ww A Assign values

NS.A<«co ¢ NS}ww w

NS<«w A Right argument is namespace

3=0NC'aa':0a{w.cvaa ¢ Geww A Is left operand an array?
WwHow w A Is objective a function?

NS.T«ww w A Build tableau

c<NS.ao A Coefficients

NS.c<«c

NS}



The optimize operator

XZE £ A & @search... X v|% % B A B F
ﬁ[O] E optimize«{
[1] 3 poc: [ - Maximize; | - Minimize; n - Goal Programming
[2] Aw: A - Namespace containing Tableau
[3] Aw: b - right hand side of constraints
[4] | Ad:
[5] C+Ww.cC A Save original coefficients
[6] w.c+cx 1x~b<oo 0.5 A Negate them if minimum
[7] = NS«{ A Perform the optimization
[8] NS<«w
[9] F 3=0ONC'NS.A':NLP w A
[10] re(Fw.b)pt0 1-.w.rel 1 0 A Relation: 1<, 0=, 712
[11] Me1000x[/|w.c A Big M
[12] C+-w.cC A Use neg coefficients
[13] TO«(tdpw.T)t0,c ,Mxrzl A Assemble tableau
[14] TO-eMx+£(r#£1)4w. T A Adjust first row to remove bigM
[15] « mal*{0Aa.<14w[0;]}TO% A Apply primal until reduced costs = 0
[16] B<Z[s;1+1#c] A Determine the basis
[17] B«Bx51+B[0;]=0 A Zero out non-basis columns
[18] w.Objective«tZ A Objective
[19] w.Decision«Z[;0]+.xB A Primal Solution (Decision Variables)
[20] J«(1+#c)+1#w.b A Indices for Dual Solution
[21] ((r="1)/J)«(-r+.="1)t112pl A Get last n columns for equality constraints
[22] w.ShadowPrice«Z[03;J]-Mxr=0 A Dual Solution (Shadow Prices)
[23] w.ReducedCost«-72[0;1+1%c] A Reduced Costs
[24] w
[25] | Yw



The primal algorithm does most of the work

[0] E Primal«{

[1] -1 AV Full Tableau Implementation of the Simplex Method

[2] Ae Written by Steve Mansour 9/23/2005

[3] Aw Starting Tableau (Numeric Matrix)

[4] | A<« Revised Tableau (Numeric Matrix)

[5] x<«1ldwl[ ;0] A x-vector - solution to Ax=b
[6] celdwl[0s] A Reduced cost vector

[7] aj«l+cil/c A Index of Entering variable
[8] a<l+cil/c A Index of Entering variable
[9] u«ldwlsol A jth column of A matrix

[10] rex+u+u=0 A Get smallest ratio

[11] p«u>0 A Restrict to u>0

[12] be«par=l/p/r A Bland's Anticycling Rule

[13] Ll«(b\0=4AA"1¢(0,b)#w)11 A Index of Leaving variable
[14] prew[l+1;]+ull] A Normalize pivot row

[15] zew-wlsta]oe.xpr A Subtract various multiples of pivot row
[16] z[1+L; ]epr A Replace with normalized value
[17] z A New Tableau

[18] L}




/IN|#X| |.]s|pldlel®| |T|=[%|.|=¢6e| DORBEBEZzts |¢awavE [T

XgEEfﬂQe|Search... x v | % € [ aAa Al F

Uifo] RunTAMPA<«{

1] E A Add Insert/Delete buttons

[2] A¢ GUI.RunTAMPA HotTubs

I[31] A¢ GUI.RunTAMPA WeedWacker

[4] I Ae GUI.RunTAMPA Blank

|[5] = we{O=w:##.Blank ¢

[6] i 2=2w:Init w ¢ wlw

071 OTHIS.H«#.Abacus.Main

[8] #.Abacus.DialogBox.H«#.Abacus.Main

25[9] f«#.Abacus.TriDocument.New O

[10] hd«<H.GetHeader f

C[11] hi«hd H.New'h1' 'TaMPA'

[12] h2«<hd H.New'h2' 'Taming Mathematical Programming with APL'
|[13] m<H.GetMain f

[14] m.Content<«#.Abacus.Grid.New ObjectiveGrid 2tw
[15] m.Content,«#.Abacus.Grid.New(0[1>w)ConstraintGrid 2>w
[16] t«m.Content[1]

[17] BC«dH.BodyCells t

- [18] BC[;3].class«c'orange’

- [19] BC[;0].class«c'grey’

[20] = ARAAAAAAAAA Temporary Fix AAAARARAAAAARAAAAAAAARA
;;[21] A _+BC[:;2].Content<c'’

- [22] A _+BC[;2]#.Abacus.DropDownList.New'c,"'<=" "="' '>='
[23] i ARAAARARPAAAAAARAAAAARAARANAAARAARANAAAARARAAAAAAAR
2w BOPT<«®H BodvCells m.Contentl 01




B | Caption (]

TaMPA

Taming Mathematical Programming with APL

Variable X1 | X2 X3 | Total Profit
Decision O 0 0 |0
maximize 0O |0 |0
Reduced Cost 0 |0 (O

Include Constraint X1 | X2 X3 | Used Relation | Available | Shadow Prices
1 Constraintl | O 0 O | O < 0 0
1 Constraint2 0 0 O | O < 0 0
1 Constraint3 0 |[O O 'O < 0 0

Add Delete Add Delete ‘Optimize‘ ‘ Cancel ‘




J TaMPA

«

Taming Mathematical Programming with APL

Variable AquaSpa | Hydro-Luxe Typhoon-Lagoon | Total Profit
Decision 0 0 0 0
maximize 350 300 320
Reduced Cost O 0 0
Include Constraint AquaSpa HE:;:' TEE;;;:' Used Relation Available S:ﬁ:::’
1 Pumps 1 1 1 0 < 200 0
1 Labor 9 6 8 0 < 1566 0
1 Tubing 12 16 13 0 < 2880 0

Add Delete Add Delete ‘optimize‘ ‘ Cancel ‘




- TaMPA

Taming Mathematical Programming with APL

Variable AquaSpa Hydro-Luxe | Typhoon-Lagoon | Total Profit
Decision 122 78 0 66100
maximize 350 300 320
Reduced Cost O 0 ~13.33333333
Include Constraint | AquaSpa Hydro-Luxe Typhoon-Lagoon Used Relation | Available Shadow Prices
1 Pumps 1 1 1 200 < 200 200
1 Labor 9 6 8 1566 < 1566 16.66666667
1 Tubing 12 16 13 2712 < 2880 0

Add Delete Add Delete ‘ Optimize H Cancel




B ' Caption

TaMPA

Removing a Constraint

Taming Mathematical Programming with APL

Variable AquaSpa | Hydro-Luxe | Typhoon-Lagoon Total Profit
Decision 108 99 0 67500
maximize 350 300 320
Reduced Cost O 0 ~10.55555556
Include | Constraint | AquaSpa HE:;:' TE::;:;:' Used | Relation | Available | Shadow Prices
0 Pumps 1 1 < 200
1 Labor ) 6 8 1566 < 1566 27.77777778
1 Tubing 12 16 13 2880 = 2880 8.333333333

Add Delete Add Delete ‘ Optimize H Cancel




" Caption Adding a Constraint 0o
TaMPA
Taming Mathematical Programming with APL
Variable AquaSpa Hydro-Luxe | Typhoon-Lagoon Total Profit
Decision 113.2 73.6 13.2 65924
maximize 350 300 320
Reduced Cost O 0 0
Include Constraint AquaSpa e Used | Relation | Available | Shadow
Luxe Lagoon Prices
1 Pumps 1 1 1 200 < 200 176
1 Labor 9 6 8 1566 < 1566 14
1 Tubing 12 16 13 2707.6 < 2880 0
1 MaterialCost 600 500 40O 110000 = 110000 | 0.08

Add Delete Add Delete ‘ Optimize H Cancel




Example 2: Weedwacker Company — Make or Buy

 The company produces two types c+55 85 67 95
of lawn trimmers: Electric and Gas A1 0100101 .2.400
- A,«.3 .500 .1 .100
Electric Trimmers | Gas Trimmers Total Hours
Available A<5 LI'pA
Production 0.20 hours 0.40 hours 10,000 b«30000 15000 10000 15000 5000
Assembly 0.30 hours 0.50 hours 15,000
Packaging 0.10 hours 0.10 hours 5,000 rel«=,=,<,<,<
Egiggﬁke izg 222 NS«minimize ¢ x subjectTo A x rel b
Number required 15,000 30,000 NS .Decision

30000 10000 O 5000

Minimize 55M, + 85 M, + 67 B, + 95 B, NS.Objective @ Total Cost

ST M, + B, = 30,000

2975000
M, + B, = 15,000 NS.ShadowPrice
0.20M, + 0.40M, < 10,000 60 95 25 0 0
0.30M; + 0.50M, < 15,000 NS .ReducedCost
0.10M, + 0.10M, < 5,000 00720

M, B, > 0



1= =1 | le=m! " |7 ]

1 = 1 ] e el el |l (e | | = 1 T | 1 " LN

1= 1=1 T 1=1 1 =1

B ' Caption

TaMPA

Taming Mathematical Programming with APL

Variable M1 M2 B1 B2 | Total Cost
Decision 30000 10000 O 5000 2975000
minimize 55 85 67 95
Reduced Cost | O 0 7 0
Include Constraint M1 M2 B1 B2 Used @ Relation Available Shadow Prices
1 D1 1 0 1 0 30000 = 30000 60
1 D2 0 1 0 1 15000 = 15000 95
1 Production | 0.2 0.4 /0 'O | 10000 < 10000 —25
1 Assembly 0.3 0.5/0 O | 14000 < 15000 0
1 Packaging (0.1 /0.1/0 O | &000 | < 5000 0

Add Delete Add Delete ‘ Optimize ‘ ‘ Cancel ‘




Example 3: Garden City Beach — How Many Lifeguards?

e Each summer, the city hires lifeguards to assign five
consecutive days each week followed by two days
off. The city’s insurance company requires the
minimum number of lifeguards each day:

Day Sun Mon Tue Wed Thu Fri Sat
Day O Day 1 Day 2 Day3 | Day4 Day 5 Day 6

Lifeguards 18 17 16 16 16 14 19

Required

|

* Let X; = Number of workers who start on the following Day: i.e. Day

7]i+1

MIN

Xo+X1 + Xo+ X5+ Xa + X5+ X6

ST

X1 +Xo + X3+ X5+ X5 > 18
X+ X3+ Xg+ X5+ Xg > 17
Xo+ X3 +Xs+ X5+ Xs > 16
Xo +X1 + Xq+ X5 + Xg = 16
Xo+X1 + Xy + Xs + X6 > 16
Xo+X1 + Xo+ X5+ X > 14
Xo+X1 + X5+ X3+ X, 2> 19
Xi>0

EX3<«[JNS °~’

EX3.A«<(-17)¢°0 11 5 1/0 1 O
EX3.b<«18 17 16 16 16 14 19
EX3.c«7/1

EX3.optimum<«]
EX3.rel«x,2,2,2,2,2,2

EX3«LP EX3

EX3.Decision

4.6 1.6 5.6 1.6 5.6 3.6 0.6

EX3«<IP EX3 A Must be integer
EX3.Decision

33508 23

24

EX3.0bjective



Conclusion

e Optimization techniques can extended to the following
e LP — Linear Programming
* [P - Integer Programming
e TP — Transportation Problem
e NLP — Non-linear Programming

 We can use HTML Renderer via Abacus to generate the user interface.

* |Insert and Delete Rows and Columns
e Use Checkboxes and Drop-Downs where useful.

e Web site and Documentation

e www.tamstat.com
e Paper: Optimizing with Defined Operators



http://www.tamstat.com/
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