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Ipractice

The simplex method takes 2(n +d)

pivot steps to solve an LP.



-ist-casecomplexity

Theorem The simplex method
has exponential worst-case

complexity



-ist-casecomplexity

Theorem The simplex method
has exponential worst-case

complexity *

*terms and conditions apply



Theorem For your favorite

pivot rule* and any di 1,



Theorem For your favorite

pivot rule* and any di 1,
there exists an LP with

withd variables and
Old) inequalities,
such that



Theorem For your favorite

pivot rule* and any di 1,
there exists an LP with

withd variables and
Old) inequalities,
such that from a

specific starting
vertex

,



Theorem For your favorite

pivot rule* and any di 1,
there exists an LP with

withd variables and
Old) inequalities,
such that from a

specific starting
vertex

, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :

pivot rule* and any di 1,
there exists an LP with

withd variables and
Old) inequalities,
such that from a

specific starting
vertex

, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with

withd variables and
Old) inequalities,
such that from a

specific starting
vertex

, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
Old) inequalities,
such that from a

specific starting
vertex

, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
- greatest

Old) inequalities, improvement
such that from a

specific starting
vertex

, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
- greatest

Old) inequalities, improvement
such that from a - smallest index

specific starting
vertex

, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
- greatest

Old) inequalities, improvement
such that from a - smallest index

specific starting - shadow vertex

vertex
, you do

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
- greatest

Old) inequalities, improvement
such that from a - smallest index

specific starting - shadow vertex

vertex
, you do - least used

exp(a(d)
pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
- greatest

Old) inequalities, improvement
such that from a - smallest index

specific starting - shadow vertex

vertex
, you do - least used

exp(a(d)
- random facet

pivot steps.



Theorem For your favorite
*From this list :
- most negativepivot rule* and any di 1, reduced cost

there exists an LP with
-steepest edge

withd variables and
- greatest

Old) inequalities, improvement
such that from a - smallest index

specific starting - shadow vertex

vertex
, you do - least used

exp(e(d+)
- random facet

- random edge
pivot steps.



Simplex method is
good in practice
bad in theory



Simplex method is
good in practice
bad in theory

this is a question for science



Simplex method is
good in practice
bad in theory

this is a question for science

many sophisticated papers
are written about this



SlackratiosSimplex method is
good in practice
bad in theory

this is a question for science

many sophisticated papers
are written about this



Avere

SlackratiosSimplex methodecse
good in practice
bad in theory

this is a question for science

many sophisticated papers
are written about this



Avere

Slackratios anaecasenSimplex method is
good in practice

Lattice bad in theory
polytopes is a question for science

many sophisticated papers
are written about this



/

Slackratios tuercig
Simplex methoccasi
good in practice

Lattice bad in theory
polytopes is a question for science

many sophisticated pap te
are written about this



Avere

Slackratios anaecasenSimplex method is
good in practice

Lattice bad in theory
polytopes is a question for science

many sophisticated pap te
Maximum are written about this

subdeterminants



Hoestheory reflect reality?

O
.
On true but useless theorems

1. an instancewise assumption

2. a distributional assumption

3
.
"real" simplex method



Hoestheory reflect reality?

Ee ontrue but useless theoreus

1. an instancewise assumption

2. a distributional assumption

3
.
"real" simplex method



Tostart :

Q ? How much water will you drink
during your life ?



Tostart :

Q ? How much water will you drink
during your life ?

A: Under reasonable assumptions,
at most 1386110% km



Hoestheory reflect reality?

O
.
On true but useless theorems

instancewiseassumption

2. a distributional assumption

3
.
"real" simplex method



Blackratios
&

Suppose V is the vertex set of feasible region
Maximize I

subject to AlEb



Blackratios
&

Suppose V is the vertex set of feasible region
Maximize I

subject to AlEb

Let 4) = maxibi-Aix : eV, i = 1, ..,m



Blackratios
&

Suppose V is the vertex set of feasible region
Maximize I

subject to AlEb

Let 4) = maxibi-Aix : eV, i = 1, ..,m

and S = mindbi-A, : eV
,
i

...
n biA



Blackratios
&

Suppose V is the vertex set of feasible region
Maximize I

subject to AlEb

Let 4) = maxibi-Aix : eV, i = 1, ..,m

and S = mindbi-A, : eV
,
i

...
n biA

TS
--

After T pivot steps the optimality gap isae d4



Blackratios
&

Suppose V is the vertex set of feasible region
Maximize I

subject to AlEb

Let 4) = maxibi-Aix : eV, i = 1, ..,m
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After T pivot steps the optimality gap isae d4

Optimal solution after log*) steps
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Herformancevariability

sometimes the algorithm gets lucky
and is faster than usual

Sometimes it gets unlucky
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Is S also NP-Hard to approximate?
CC a MIP solver do it anyway

?

Does a goodb correlate with faster solving ?
does presolve improves ?

Are these the right questions to ask ?
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Can any of the resulting
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Ministry of Defense 
Coordination of Government Activities in the Territories 

 

–Gaza Strip  Food Consumption in the 
Red Lines 

1 January 2008 
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SLIDE 2 
 

Goals of Analysis 
 

 As part of the policy formulated by the Security Cabinet on September 19, 2007, Israel will limit the entry of goods into the Gaza Strip. 

 In order to allow for a basic fabric of life in the Gaza Strip, the deputy defense minister approved allowing 106 trucks carrying basic humanitarian products into the Gaza 
Strip, mostly food (all products are specified in the appendices). In addition, food in seed form was approved for entry via the aggregate conveyor belt located near the 
Karni crossing. 

 This research examines the main food component. 

 The goal of the analysis – to identify the point of intervention for prevention of malnutrition in the Gaza Strip. 

 The basis for the analysis is a model formulated by the Ministry of Health (at this point, according to average Israeli consumption) and a model formulated by the 
Palestinian Ministry of Economy. 

 The Ministry of Health is conducting work for calculating the minimal subsistence basket based on the Arab sector in Israel. The “minimum basket” allows nutrition that is 
sufficient for subsistence without the development of malnutrition. 
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SLIDE 6 
 

General Daily Food Consumption in the Gaza Strip per Ministry of Health Scale (in tons) 
 

Age/Type 
of food 

Male/Female Female Male Total for 
general 

population 
(minus 6-
12 month 

age 
bracket) 

Food 
additive 
for -12 
month 

age 
bracket) 

Total 
quantity 
required 

for 
general 

population  

2-3 4-6 7-10 11-24 24-50 51+ 11-14 15-18 19-24 24-50 51+ 

Grains 11.94 37.15 40.43 63.94 53.52 14.65 25.66 25.71 25.71 68.33 15.23 382.28 3.98 386.26 

Vegetables 12.62 37.00 40.52 60.03 50.25 14.64 24.64 24.68 24.68 65.61 14.85 369.53 4.21 373.74 

Fruit 16.99 58.80 67.42 102.65 85.92 23.84 43.69 45.02 45.02 119.68 25.80 636.86 6.33 643.19 

Milk 39.49 70.18 68.53 140.88 78.61 26.18 51.40 26.34 46.34 82.13 22.13 672.22 13.16 685.38 

Meat 14.09 39.83 62.61 60.93 51.00 15.57 24.08 23.38 23.38 62.15 14.95 371.98 4.70 376.67 

Oil 0.00 1.18 1.81 0.00 3.39 0.56 0.82 2.22 1.85 7.87 1.06 20.75 0.00 20.75 

Sugar 4.35 5.04 5.58 4.95 5.27 2.01 2.87 5.18 4.07 12.78 1.85 53.95 1.45 55.40 
 

 The figures are in tons per calendar day (consumption over seven days per week, unlike supply which is calculated based on five days per week). 
 The portion of consumption is measured by the Health Ministry in Israel and provides for 2,000-2,500 calories per adult and 1,550 calories per child. 
 The quantities in this table are average consumption according to Israeli standards and are not minimal subsistence portions. 
 The Ministry of Health has been requested to calculate the minimal subsistence basket according to the Arab sector in Israel. The “minimal basket” allows for nutrition 

that is sufficient for subsistence without the development of malnutrition. 
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SLIDE 13 

 
Additives in Wheat 

 
Number Added Vitamin/Mineral Quantity  

1 Thiamine (Vitamin B1) 4.4  Milligram per Kilogram 

2 Vitamin B2 2.6  Milligram per Kilogram 

3 Niacin 35  Milligram per Kilogram 

4 Folic Acid 0.4  Milligram per Kilogram 

5 Iron 25  Milligram per Kilogram 

6 Folato 1  Milligram per Kilogram 

7 Vitamin B6 2.5  Milligram per Kilogram 

8 Zinc 15  Milligram per Kilogram 

9 Vitamin A 1  Milligram per Kilogram 

10 Vitamin B3 0.02 Milligram per Kilogram 
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SLIDE 14 

 
Summary and Conclusions 

 
 According to the model supplied by the Israeli Ministry of Health, there is a need for a daily supply of 104 food trucks (5 days a week). 

 The model takes into account an exaggerated consumption of milk (3 times the known consumption in the Gaza Strip). Thus, on decreasing the milk component, the 
working assumption of 106 trucks (+ Karni conveyor belt) which includes about 90 truckloads of basic food, certainly meets nutritional needs in the Gaza Strip. 

 The Ministry of Health Model assumes lower consumption of flour than what is known to be in effect. 

 The Ministry of Health model is based on the average Israeli consumption, rather than a minimalist basket according to consumption habits in the Arab sector (the 
Ministry of Health is currently analyzing this). 

 Following receipt of the new basket, it will be possible to define a red line as a warning sign. 

 The Ministry of Health estimates that the new basket will be 20% lower than the current basket.  
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could smoothed analysis
have predicted that
the first computation
be fast ? ↓

1
-

/
probably not .
1. different algorithm ti
2a

. non-negativity constraints ↓

26. multiplicative error =15%, noisy
but need additive error measurement
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OpenQuestions

What would it mean to test
shoothed analysis' conclusions?

Is more noise really better ?
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ewe studying the simplex method?

This geometry Fil doesn't exist

numerical linear algebra

What does exist : E bound shifting
bound perfurbations
Harris' ratio test
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variables & constraints :

- All variables & slacks have value 00: I

- All colums & rows have 11-llo

-
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Fesibility

if Ax < b
,
feasible &

if A, x > b + 100, infeasibleX

Otherwise
,
solver chooses
-
-
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if Ac = 0
, optimal /

18 (ATc) : < - 100 suboptional X

otherwise
,
solver kooses
-
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Accumulatingerror

solver maintains
a sparse 14 decomp

Esolution xreduced costs

Rank-1 update every pivot step

When errors grows too large, recompute
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&ound shifting

What if your current solution

< Abe is infeasible?

Ecisy : Set b : = max (bi , A , (c)

and proceed as normal
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We solved max in for B b.

st AxeB,

Duality gives yERRY,
with y =0

and yTA = c

Decisiblefor original ducl LP !
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Nothingis sacred

If you mess with your bounds,
the dual simplex method will solve

your problem with a handfull of steps.

How can we use this?
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&ound perturbations

Before you start,
Set b

e < bi + Unif)(0
,
103)

This removes all degeneracy
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Harris'ratio test

From [C(n]
,

IF1 =d
,
we set = Ald:

I gift you somejo

for K= 0,
....

T
S

Paul Harris
- K

you drop some itL

Maximize determinant

youpick some je Ik

you
set [

*
= [" vj]-sib

you want Azi" -b + 106
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eQuestions
terminate in finite time ?

- why do these tricks help ?

- Do they help for equal or opposite
reasons?





- YMosek
university
Edinburgh
HIGHS

Zuse Institute

SCIPCS
Gurobi
Xpress

Google
GLOP

Bocconi Universityunreleased
M

LP solver
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Smary

Our existing theories are

- largely untested

-
about an oversimplified algorithm

- ripe for improvement "



Postdoc opening pre-announcement
- I position
- up to 24 months
- in Clermont-Ferrand

,
France

- no teaching required
- generous travel money
-starting date flexible
keep an eye on net


