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Guns and butter
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tificate of optimality

max T + Yy
ix—y < 3
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5x—2§ i S
S0 \Lk><43‘j = 7
X, Y > 0 o *Zj = O
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Stigler diet

calories 3000
protein /0g
calcium ./8g
iron | 9mg
vitamin A 5000iu
thiamine |.8mg
riboflavin 2.7mg
niacin |8mg

ascorbic acid /5mg

/




Tanre A. Nurerimive VaLoes oF CostoN Foons rex Donrar oy Exrexprrvre, Avausr 15, 1039

Asocarbic
Acd
(mg.)

Nincin
(=g.)

Ribo-
flavin
(wg.)

Edible

Price

A Thiemine

Vitamin

Iron
(mg.)

Fat
L
o
£
%
=

Compodity

(mg.)

Calories Protein  Caleiom
(1,000)  {(grams)  (grams)

Nk

T LVUINIE J. JVILLI

¢ = g * 33%383sc33
38282283888 To* ~* © 3% § 2838278 EHEUIC2LEROss

398‘9‘3’3‘00 SOy wNu-Y DAY 00 aNRDENEDEERNY 3853“9

u13!11488618 0”. &m&&. otk el w &&&l&LlLLttt& B P

6!0340018998 S0 mpXode - CRCE-PTHRELEDT PPV DO

. - .
....................................

“3437027339! - i = PP - CBNMELaBe manN BEAT~

TS s, T

= @ Eowzuam & wue v o = =n< ~omea<e
3 £ Sgggsgs « g veE Zgrg us

. - ™
232823TIRRATRLOCCRINET SURSUIRLFREIERFISERIZERIAE

ﬁﬂ‘l?&‘lﬁ?l"‘l!‘ﬂ‘?OQ lll'i!ll"!"llﬂ8‘517080‘8

R EELEL L R P L LR PR EEPET EEEEE EELELETLE D

. .
. i . . . T R T T S )

—
"l"“”ﬂuwnua¢‘80”1736301.!338!83300.8!!6661!*!* -

PEELR SR

1, 055'

’0‘.!-.’0

13901‘58‘3!"

A I ‘lv"IQ

0.333.8.‘6“138“"‘-!"‘

$58S7330322 535005 ERRIEFE333E5R20E5R

oooooooooooooooooooooooooooooooooooooooooooooooooo

e e s EEL T PR B R PR AN PP T A PO

......... .. mkd
258543855554 m%Mmmmmmnmmmmmmmmmmmmmwmmbmmmmmmmmwumm

—_ —_

£ : £ -

M W = mw m m o w m M d M

Sl i i h B i igE |
Fired,3a8 Teu e HE sy Swcd [ it
P e H R A e R
podsdsndegidddsnddgiiddiddiddgidasdanusvvdigides



.‘61. thtou 15 I, M0 16,810 14.% hRTS 1.8 118 6.7 0.4 7.1 188 e 52
*"5%. Spinach 1 b, 8.1 4,508 1.1 100 - 138 918.4 8.7 1.8 s8 2,755
58, Swent Polstors 11b. 5.1 7,048 9.8 138 L7 54 0.7 8.4 6.4 A3 i,912
54. Peaches (can) No, 2 16.8 4,504 37 -4 10 1.5 .5 1.0 n 196
“0 P’m (m) NO. ! !o-‘ ‘.o” 300 8 .s 8 Os '8 .8 5 8‘
54, Pincapple (can) No. 2 £1.8 S, vas e.4 16 4 s 2.0 2.5 .8 7 S0P
7. Aaparagua (can) No. ¢ 7.7 1,045 .4 b3 3 it 16.8 i.4 L 17 e
88, Green na (esn) No. 2 10.9 4,588 1.0 53 2.0 a5 568.0 1.8 4.3 I 451
89. Pork and Beans (can) 16 oz, 7.1 6,880 7.5 834 4.0 54 8.8 8.3 7.7 50
80, Corn (can) No, 2 10,4 5,400 s.2 13¢ .2 16 12.0 1.6 .7 4" %18
41, Peaa (can) No, ¢ 185 4,100 z.3 136 .0 4“5 4.0 4.9 2.5 37 370
€2, Tomstoes (can) No. 2 5.6 8,203 1.8 63 T 5 58.% sS4 L5 % 1,258
¢3. Tomato Soup (easn) 10‘03. 7.6 $,017 1.6 7 .8 48 57.9 8.5 2.4 87 802
*84. Peaches, Dried 11h. 18.7 2,860 8.8 ST 1.7 178 56.8 it 4.3 a8 57
gs. Pn!ltl. Dl’lcd 11b. 9.0 b, 285 12.5 9 2.5 154 R5.7 3.9 4.8 a5 LT
ad, R&ul?nl)ned 15 oa. 2.4 4,524 18.5 104 .5 136 4.5 6.3 1.4 24 150
87, Peaa, ed \ 11k, 7.9 5,740 0.0 1,487 4.2 345 2.0 3.7 18.4 1%
%83, Litea Brans, Deied 11b. 5.9 5,007 17.4 1,055 87 459 5.1 0.9 96.2 ]
**¢5. Navy Beans, Dried 11, 8.9 7,088 W 1,881 11.4 792 i5.4 24.6 w7
70. Coffee 1 Ib. 0.4 2,026 — ps - - 4.0 5.1 50
L. Tea b, 17.4 a5 - .- - — v.3 "
72. Cocoa or. g.a 2. 4657 8.7 287 50 e 2.0 11.9 40
73, Chocolate S ox. 10.2 1,400 8.0 77 1.3 s .0 5.4 14
76. Sugar 10 I, 51.7 8,773 4.0 —_ - —
75, Cora Sirup 24 oa. 18.7 4,908 14.7 -- 5 74 s
76. Molulu 18 oz, 13.8 S, 70 9.0 —_ 10.3 LFERY 1.9 7.5 146
77. Strawberry Proserves 11k, 20.5 2,218 8.4 1 4 7 .2 2 4 s
* Quantitics ineluding inedible purtions,
Tarre B. Nutnitive Varues oF Comxox Foops rer Dortar or Exrenpirune, AvcUst 15, 1044
Commodity AugP:iS“lMt Calaries Protein Caletum Tran Vitamin A  Thismine Riboflavia  Niscin Aﬁ{gm
{ecnta) (1,000) {grama) (grams) {mg.) (1,000 L.U.) (mg.) (mg.) (mg.) (mg.)
1. Wheat Flour d4.8 24.0 756 1.1 WS 0.9 15.8 240
8. Wheat Cerenl 3.2 12.8 3498 15.0 188 15.0 9.% 119
5. Corn Meal 6.3 20.9 655 1.2 72 2.0 2.7 5.8 7
4. Rolled Outa 2.9 18.1 831 3.7 £ 21 WS a.4 48
18, Evaporated Milk 10.0 5.0 2\ 10.1 6 17.4 2.0 154.7 T &0
40. Ca 4.0 2.0 2] 8.0 L 14 3.4 6.8 8.4 20 4,034
51. Potatoes 80,1 6.1 148 .8 50 2.4 12.5 8.0 54 1.071
8%. Spinach 11.0 .A 74 — a0 641.8 4.0 8.8 23 1,9%4
53, S_.tct Potatoes 2.3 4.0 7 1.1 $ 4 120.5 3.5 2.2 sS4 T8
89. Navy Beans 10.¥ 14.7 924 6.2 4384 25.0 15.4 119
Th Sugsr a7.0 26.9 — — —_
78. Pancake Floar! 12.¢ 16.0 470 18.1 40 8.7 1.9 41
70. Beets? 7.4 2.2 58S 1.1 70 19¢.3 L0 6.5 0 Sus
80, Liver (Pock)? 1.9 L7 408 .2 518 145.0 10.4 51.5 L &850

! Unit: 90 oz.; edible weight: 4,647 &, * Unit: 1 bunch; edible weight: 4,071 g. ¥ Usit: 1 Ib.; edible weight: 2,07) g.

FONTISIBENG JO IS0)) THJ,

08
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Brownie Dumpling Espresso Roois
cost 5 2 3 S
cals 400 200 150 500
choc 3 2 0 0
sugar 2 2 4 4
fat 2 4 0 5
requirements: 500 calories, 6 oz choc, 10 0z sugar, 8 oz fat
/\ —
&‘[\) Txy & Zxz 4 by o xg SJ»{)@E‘F .
G qd,v R T4
LDsy + 20wz + \SD<3 + TD\%«( S 00
’Zm 4 Zxr +« Oxtdt Oxq 7 L

— L(}g(,(7/ (O
S <y 72 D

L+ Lxz =t “ X3
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shortest paths as LP

SDUIL@
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rﬁ
inputs: Q: C\/\(Z)Igj oo QQ) 7 N

OM" HQJ IQM o el ﬂu" Qf’ﬁ‘% % Hle
Slf\ﬁf%és’\‘ (wh,\
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snortest patns as L
A Aifc: :Z;/ &
max d;

dy—dxgl(x,y) Ve = (x,y) € E

L dS:O







max flow as Ip

input: (G,c,5,t) G=(V,E) ¢:E—Z+

MaxX ? f(%,\h " ? §CV; 9) oA
o)< c(e)  Afar e\ﬁ/f cc E

Z 5‘(%0 — z f(v)u) = 0 for eV Ej, ij

Jev UEV

fCun) 2 o



max flow as Ip

max ) f(s,v) —) f(v,s)

F(1,0) < e(u,0) for (u,v) in E

flu,0) 20 for (u,v) in E



mMiNn-cost flow as Ip




MiN-cost flow as Ip
§/>Qf@ Lor emdn aﬂ}c
"Q\ﬁ(b\) A OQ)Q

7 §60)- 2 Sl = A

\)&\/

(QQM wﬂﬁm:/\j\f &5 QFQJL'M) Q\W)




MiN-cost flow as Ip



L standard form

?max Z xiQi v aX
X

X= (K
C: CC CV\ : “
( Lj U<
<
- C



getting to standard form

i ;o ex Do
x al <
Yoy <b

xi>0



getting to standard form

max Z X;C
X

—

‘. - = \D‘
— 5 /) —any X = C

Y aix; 2 b
xiZO



getting to standard form



getting to standard form

\« — < X)
X |
Xz O
Zai]-x Sb
><H 7/ 5

(non-negative)
le, what if there
1S
no constraint

on x?
—



76r0-SUM games
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76r0-SUM games

COLIN

_3"3 '_Izl

ROWENA

/

22 | |-l




76r0-SUM games

COLIN

3,-3 -1,

ROWENA

-2,2 |,- |




76r0-SUM games

50 Mecce + (2)en,
COLIN

C( ¢z _'{'[\1C2_
1 q
S 3 -| .
U a\ue & e
ROWENA
Gl .
nl o | /




76r0-SUM games

COLIN

ROWENA

E GijTiCj
1,] -




76r0-SUM games

S
colin
fop 3] -1
rowena

rowena announces 2| -2 | |

her strategy first: 3 - 5 Lt

e
(\/\ AX ‘\/‘Em Z 2{\\ — Z\/\Z_ — 1 <V é C-b(:m Con
g
frax 2 gt



76r0-SUM games

colin
3 | -1
rowena
rowena announces -2 | |

her strategy first:

(r1,72) mm{ 3ry — 2re, —r1 + 79 }



76r0-SUM games

colin
3 | -1
rowena
rowena announces -2 | |

her strategy first:

max z

z < 31’1 — 219

z < —11+4+2r
r+r=1
ry,rp 2 0



76r0-SUM games

C\ C 2z
colin
T3] -]
rowena
colin announces G | -2 |

his strategy first:

(Cl,Cz) (N UX E gC( '-Czj “ZC( ~ CZ )}



76r0-SUM games

colin
3 | -1
rowena
colin announces 2| |

his strategy first:

pick

(Cll CZ)
E—

so as to min max{3ci1 — ¢y, —2¢c1 + o}




76r0-SUM games

rowena
colin announces
his strategy first:

colin

3

-2

min w

—3c1 + ¢ +w
2c1 —cp+w
C1 1+ C»

C1,C2

VIV IV

O = O O



76r0-SUM games

—colin—
rowena 2 |
maxX z
—3r1+2r+z < 0
ri—1r+z < 0
ri1+r = 1
ri,rp 2 0



76r0-SUM games

rowvena

VA IATA

C1+ C2
C1,C2

min o
—3c1+c +w
201 — )+ w

VIV IV

O = OO



76r0-SUM games

27 5/7 colin
3/7 3 | -1
fowena
A7 2| |

value of the game ’



max min g Gi;y; = minmax E GiiTiy;
1, t,J






C' [ https://www.inf.ethz.ch/personal/fukudak/cdd_home/ @ - Q'

-Welcome to the

cdd and cddplus Homepage

Last update: May 15, 2015

Currently, the C-library version cddlib of cdd packages is the only one being updated, while
standalone codes cdd and cddplus are still useful. To know what cdd, cddplus and cddlib are, please
read

cddplus readme

cddlib readme
Manuals (html version):

cdd/cdd+ manual

cddlib manual
Get source codes:

cdd/cddpuls directory click here

cdd package cdd-O61a.tar.gz
cddplus package cdd+-077a.tar.gz (to be compled with g++ 4.1. With more recent g++, try

patch) new . With g++ 3.1, use cdd+-077 tar.gz
cddlib package cddlib-094h tar.gz new
To know the implementation:
““The double description revisited" gzipped ps file
To learn the fundamental concepts of Convex Hull, Vornonoi, Delaunay, etc.:
“*Polyhedral Computation FAQ" (still experimental) html version or pdf file
Links to cdd/cdd+/cddlib users and more. New




H-representation
begin

24 13 rational

0 001/25/12 1/3 1/4 1/6 1/12 -1

@ 0 7/22 5/22 5/33 1/11 1/22 1/66 0 -1
0 0 7/44 1/11 1/22 1/55 1/220 0 0 -1

@ 14/99 7/99 1/33 1/99 1/495 0 0 0 -1
@ 7/99 7/264 1/132 1/792 0 0 0 0 -1
1/11 1/33 1/132 1/924 0 0 0 -1
1/22 1/99 1/792 0 0 0 0 -1

1/11 1/55 1/495 0 0 0 0 0O -1
1/22 1/220 0 0
1/6 1/66 0 0 @ 0
1/12 0 0 0 0 0 0
-1 -1-1-1-1-1-
11

(SIS RO RO IO R S R O

0
0
0

(S IO RO R S IO RO R oS I S RO

0
0
0
0 -1

(SR Oy
P FRPOOOS
(SIS IO
(SIS O
SO

|

=

-1
-1 -1-1-120

P OO0

o
=
=
=
=
=
=
=
(B
S

OSSO OO0 OS
OSSO0 S
OSSO0 OO rrOO0 S
OSSOSO OO0 S
OO0 OO0 O
OO OO KRrRR OO S
OSSO O0ORrRPROOOOOOOS S
OO RO O
O RO S
P OO0 OSS
SIS I RN oS IS RO RN S B R O RN S ROy

>
X QOO0

aximize

©S3S DO S

S
S
S
S
S
S
S
S
S
S
()
=



< Loilpieed 100 RdllOlldl EXAdCU AT LLULNCLLC wilith Ulfir
*cdd LP Result
xcdd input file : 12.ine (24 x 13)
*LP solver: Dual Simplex
*LP status: a dual pair (x, y) of optimal solutions found.
*maximization is chosen.
*0bjective function is
O + 0 X[1] + @ X[2] + @ XI[3] + 0 X[4] +
0 X[5] + 0 X[6] + 0 X[7] + @ X[8] + @ X[9] +
0 X[10] + @ X[11] + 1 X[12]
*LP status: a dual pair (x, y) of optimal solutions found.
begin
imal/Solution
280/1643
2 4217/14787
3 130/477
4 . 280/1643
5 : 120/1643
6
7
8

140/4929

12 1 70/4929

599/73935
:  74/14787

22 : 1003/98580

23 + 173/14787

1 : 74/4929
3 1 99/1643
264/1643
462/1643

1540/4929
1 : 280/1643
2 : 70/4929
timal_valu

: 70/4929
end
xnumber of pivot operations = 8

*Computation starts at Tue Apr 19 12:54:03 2016
* terminates at Tue Apr 19 12:54:03 2016
*Total processor time = @ seconds

* = @h Om 0Os

closing the file 12.1ps

closing the file 12.ddl



now to “evaluate™ an Ip

max ¢t 7

AZ < b
Tz >0

vV A



definitions

feasible point:

vertex:

neighbor of vertex v:



simplex

INit:

while

do:







max 2x1 + dx»
2x1— x> < 4
X1 +2x <9
—x1+x2 <3
x1 >0
x> >0




max 2x1 + dxp
2x1—x2 < 4
X1 +2x <9
—x1+x2 <3
x1 >0
x> > 0




max 2x1 + dxp
2x1—x2 < 4
X1 +2x <9
—x1+x2 <3
x1 >0
x> > 0




max 2x1 + dxp
2x1—x2 < 4
X1 +2x <9
—x1+x2 <3
x1 >0
x> > 0




max 2x1 + dxp
2x1—x2 < 4
X1 +2x <9
—x1+x2 <3
x1 >0
x> > 0




