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Facharbeit: Linear Optimization in Relational Databases

The concept of optimization refers to solving complex decision problems, involving the se-
lection of values for a number of interrelated variables. The goal of an optimization problem
is to maximize (or minimize) an objective function, that quantifies the quality of the decision,
subject to a set of constraints that limits the selection of decision variable values. A special
case of optimization problems is Linear Programs (LP) [1]. The term LP refers to optimizing a
linear objective function under constraints that are expressed as a set of linear equalities or
inequalities.

Linear Programs are utilized in the context of feed mills to determine compounds of feeds
that satisfy various restrictions, that domain experts specify to optimize the efficiency of the
livestock, and have minimal cost. Information about nutrient content of feeds is usually provided
by warehouses like the Swiss Feed Database'. Relational database systems do not support
optimization problems and the usual solution is extracting relevant data and calling external
solvers. This is a time consuming and prone to errors process.

The goal of this project is to study algorithm Simplex [2], that is the prevalent algorithm for
solving Linear Programs and design and implement an SQL operator in kernel of PostgreSQL
that reads from relations representing a Linear Program and solves it using Simplex. As an
example, assume the following relations:

Thttp://feedbase.ch
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fact_table
costs i i
_ diet nid | fid | g
fid feed c - - 88 2 3
2 Ha 20 nid | nutrient I - 88 | 749 |1
i 88 | Ca | 93 |102
749 | Barley | 1 141 P 204 | 21.2 141 | 1104 | 4
1104 | Corn | 4 37 Fe 12.8 13'1 141 | 234 | 5
234 Soy 2 : . 37 | 749 | 2
37 | 1104 | 1
that represent a LP of the following form:
Minimize Tz
Subjectto A.-z >l ()
A-xz<b,
z>0
Where,
3 100 9.3 10.2
A=|(0 0 4 5 |, bp=1204 |, b,=] 212 |,
0 210 12.8 13.1

T=[20 14 2]
SQL syntax must be extended so that it can receive a query like the following

SELECT solution.fid, solution.feed, solution.v

FROM SIMPLEX (COEFFICIENTS fact_-table(nid, fid, g) — Matrix A
LBOUNDS diet(nid, 1) — Matrix b
UBOUNDS diet (nid,u) —— Matrix b,
COSTS costs(fid, c¢)) AS solution; — Matrix cT

and return a relation representing the solution of the LP:

costs
fid feed c
2 Hay | 0.92
749 | Barley | 6.5
1104 | Corn 0
234 Soy | 4.08
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Tasks

e Study and understand the linear optimization problem and the algorithm Simplex [1, 2].

e Study [3, 4] and the source code of PostgreSQL in order to understand the workflow of
parsing, analyzing, optimizing, and executing a query.

o Extend PostgreSQL parser to accept operator SIMPLEX as described in the example abo-
ve.

o Extend PostgreSQL analyzer and optimizer so that SIMPLEX can be integrated into a
query plan tree.

o Develop a plan node that implements algorithm Simplex.

e Compare the implemented solution with existing external solvers (e.g., GLPK, R, Sol-
veDB) using the dataset of the Swiss Feed Database or benchmark linear problems of
http://www.netlib.org/lp/data/.

e Summarize you work in a report.
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