4102
421.201¢

abhi shelat



Guns and butter

maxx +vy
38
10
—2
0

VA

dx —y
2x +y
Dx — 2y

Y

AVARRAVARRVAN

http://il6.photobucket.com/albums/b20/safebuy/ak47/ak47-electric 1g.jpg

http://2.bp.blogspot.com/ NX4zcMNX4VE/SbS8MOfff11I/AAAAAAAAALQ/eud4J0dfFhIJE/s400/gourmet-butter. jpg




—2

< 8
< 10
>

> 0

2x +y
bx — 2y

dx —y

X,y

V\/\("é( 2,S< a9

v
NN
V| NN
NN
NNNNNNNN
D NN NN NN
ARRRRARRR R
ARRRRRA R AR RN
IT RRRARRRRR NN AR A
ARRRARRRR RN AR AR
RRRRARRRR RN AR AR
= RRRRARRRR RN AR AR
N ARRRARRRR RN AR AR AR
ARRRARRRR RN AR AR RN
L L L L L L L L VL L L L L LWL LWL LY
ARRNRA R R RRRA N R AR AN
A ARRRA R R AR RN AR AR AR
NN ARRAR R AR RN AR AR AR
NN AR AR R AR AR AR AR A AA]
NN RRRRARRRR RN AR AR R
ARRRRNARR AR RRRRARRRRR NN AR R R
ARRRRARRR RN RRRRARRRRRN AR AR
ARRRRR AR RRR R TR AR AR R AR AR AR R RN R AR RN AR AR A
ARRRARRRRRR AR AR R R AR R R RN AR R R RN AR AR R RN AR AR R
ARTRRRRRRRR AR AR R R R AR RRR R AR AR R RN AR AR RN R R AR RN AR A
ARRRARRRRRR AR R AR R AR TR RRRR AR AR R RN AR R AR RN A A AR
ARRRAR TR AR AR AR R RRA R AR T AR AR AR R AR AR AR AR R AR RN AR AR
ARRRAAA R TRRRR AR RRR AR R AR R RNR R AR R AR AR R AR AN AR AR R RN N R AR
ARRARARARAR AR AR AR RN AR AR AN ARRRAR R AR RN AR AR AR
ARAARAARAARAARANAARAARARNARAARNARNAN AANAARAARARARAARNARNA
ARRRAR A AR RA AR A IRRR AR R AR RN AR A AR AARNRAR A AR AR N AR RAA
AIRRARR AR AR R AR R AR TR AR R R AR RN N AR AR AARRAR R AR AR AR
ARRAR AR AR AR R R AR AR R RRRRRR RN NN AN AANRARRRRRRR AR AR AA]
ARRRAARRRRR AR AR AR AR AT R R R RN AR R R RRRRARRRRR N AR AR AR
ARRRRA R T RRRR AR RR R AR AR RN AR RRR RN AR R R R RRRRARRRR RN AR AR R
ARRRRAR AR AR RARRRR R AR R RR TR A RR AR AR R AR AR AR AR AR AR R RR AR AR AR RN AR AR RN AR A
ARRRRAR AR AR R AR RRR R AR R RR AR TR RRR AR AR ARR R AR TR AR AR R AR AR AR RN AR AR RN AR R AR
ARRRRRARRRARR AT R RRRR AR R RR AR AR TR AR AR RR R AR AR R AR AR R AR AR R AR RN AR AR R RN AR AR AR
RARRRARRARRRRR R AT RRRR AR R AR AR AR R TR AR R RRR AR R AR TR AR R AR AR AR AR RN AR AR R RN AR AR AR
RARRARRARARRR R AT RRRR AR R AR AR AR R TR AR R RRR AR R AR TR AR AR R AR AR AR RN AR AR RN AR AR AR
RARRRRR AR RRRA R RRRR AR R AR AR AR R YRR AR AR RN N AR AR ARRRARRRR RN AR AR AR
RARRARR R AR AR R ARRR AR R AR AR AR AT RN AR R AR RN N AR AR ARRRAR AR RN AR AR AR
RARRARR R AR RN AR AR AR AR AR AR R YRR AR R AR RN N AR AR ARRRAR R AR RN AR AR AR
RARRARAR R AR AR AL AR AR AR AR R AR R R TR AR AR AR RN AR AR ARRNRARRRRRA N R AR AN
NN NN NN NN NN DN OO NN
AARRAARAAARRAA AL AR RA AR AR R R AR AR NRARA AR A AR R AR RAR AANRRRRRARARARAAARA]
N ARRRARR AR AR AR AR AT AR AR AR AR AR R AR TR AR R AR RN AN NN A RRRRARRRR RN AR AR R R
ARRARRARRRRR AR R RR LA R RRR AR AR AR AR R TR RRR R AR AR AR AR TR AR AR RRR R AR AR R AR AR AR R AR R R RN AR R R AR R R R
ARRRRRRRRR R AR AR AR R AR TR AR AR RRRR AR AR TR A AR R AR AR R RR TR AR AR AR AR AR AR AR R RR R AR AR R R R AN AR RN AR AR RN AR A
ARRRARR R RRR AR AR AR AR AR AR AR R RR R AR AR R R R AR RRR AR AR AR R R TR RRR AR AR AR AR AR YRR AR AR AR AR AR R RN AR AR RN AR R AR
ARRRRAR AR AR AR RRRR AR R RRR AR AR AR AR AR AR TR RRR AR R AR R AR AR T RRR R AR AR R AR R RN R R RR AR AR R AR RN AR AR RN AR AR
ARRRRAR AR LR AR RRR R AR AR R AR RR AR AR AR AR AR RRR R AR R AR AR AR AR TR AR AR AR R AR R AR R AR AR R AR AR RN AR AR RN A AR
ARRRRRARARR R AR R RRR R AR A AR AR AR T RRR R AR R RR R AR AR TR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AN AR AR AR AR RN AR A
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
RN AR RRRR NN AR R RARRARARAR R A RRRA R RRRA AR R AR AR AR AT RN AR R AR RN N AR AR ARRRARRRR RN AR AR AR
RN AR AR RN AR AR RARRARARRARRRA R AR AR AR AR R AR R R YRR AR R AR RN N AR AR ARRRA R R AR RN N R AR AR
RN AR AR RN AR AR RARRARR R AR AR R A RRA AR R AR R AR R R YRR AR R AR RN N AR ARRRA R R AR RN AR AR AN
NARRARARAR RN A RARRAAR R AR AR AL AR AR R R AR R AR AR TR R AR AR AN AR AR ARRRA R R AR RN N R AR AR
NARRARAN R RRAAA RARRAAR R AR AR AR T AR R AR AR AR R AR AR TR AR R AR RN N AR AR ARRARRRRRN AR AR AR
DOCVNNNNNNNNNNN NN NN NN NN NN NN NN NN NN NNANNNNNNNNNNNNNN
RRRRRARARRRRRARA K RRRRRARRRRRRRARAARRRRARAARRR AR AR R NRRARARRRR R AR R AR RRRNRARRRRRRARRRR RN
RRRRRRARRRRR AR RRRRRRRRRR R AR RRR R AR R AR AR R AL RRRR AR R RR R AR TR AR R RR RN AR R R RRRRARRRRR NN R AR
ARRRRRARRRRR AR RRRR AR R RR R AR AR RRR AR R RRR AR AR R TR AR AR AR R AR AR R RN AR AR RN AR R R RRRRARRRRRN AR AR
ARRRRRA R AR AR AR RRRR AR R AR AR A AR TR R AR R RRR AR R AR TR AR AR RR AR AR AR AR R RR AR AR AR AR AR AR R AR AR AR AR AR AR AR AR R RN AR A
ARRRRRARARRR R AR RRA AR R AR AR A AR TR AR R RRR R AR AR TR AR AR RR AR AR AR AR R AR AR AR AR AR AR AR R AR R AR AR AR AR AR AR R AR RN AR A
ERR AR RRRR AR R AR R AR AR R RR R AR R RR R AR AR AR AR AR R AR AT AR AR R AR AR AR AR TR AR R RRR R AR AR TR AR AR R AR AR R RN AR AR R RN AR AR AR
ERR AR R RR AR AR AR R AR AR AR AR AR R AR R AR AR AR AR R RR AR AT R RRR AR R AR R AR AR TR AR AR AR AR AR AR TR AR AR R AR AR R RN AR AR R RN AR AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
RN AR RRRR AN AR AR RARRARARR R AR AR ARR R AR R AR RN AR YRR AR R AR RN AR AR AR NRRRANRARRR N AR RN AR A
RN AR AR RN AR AR RARRARA R AR AR AL AR R AR R AR RN R YRR AR R AR RN AR AR R RARRANRARRR NN R AR A
NARRANARRRAAAA A RARRRARR AR RRARA AL AR AR AR AR R AR AR YRR AR R AR RN R AR R RARRANRARRA NN AR RN AR A
NARRARAN R AR A RARRAAR R AR AR AL AR AR AR AR R AR AR TR AR R AR RN R R AR NARRANR AR AR RN AR RN A
NARRARA R R RN N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN NARRA NN AR RRRR R AR RN
NN NNNNNNNNNN, AARRRARRRAR AR R AR T RARRRRRR AR AR R AR RN AR RN NN NARRR AR AR AR R AR R AR AR AR
ROCVNNNNNNNNNNN ARRRRR AR AR AR AR LA R R R AR AR AR R AR AT A AR AR R AR AR R R NN NN
RRRRARRRRRRRRR R RRRRARRRRRRARRAARRRARRRRRRRARARANRARARARRRRRRARRR AR RRRRANARRRARRRARRRRRRA]
ARRRRRARRR AR AR RRRR AR R AR AR AR AL RRR AR R RRR R AR AR RN R AR AR R AR AR NN AR R R RN AR AR R R RRRRRN AR AR RN AN AR R R
ARRRRRA R AR AR AR RRRR AR R AR AR A AR TR AR R RRR AR R AR TR AR AR RR AR AR AR AR R AR AR AR AR AR AR AR R AR R AR AR A AR AR AR AR RN AR A
AARRRRRA R AR AR AR R RRR AR R AR AR A AR TR AR R RRR R AR AR TR AR AR RR AR AR AR R AR R RR AR AR AR AR AR AR AR AR RR AR A AR AR RN AR A AR RN AR A
ERR AR R RRR AR R AR R AR AR R RA R AR R RR R AT AR AR AR AR AR R AR AT AR R AR AR R AR AR TR AR AR AR AR AR AR R AR AR R AR AR R RN AR AR R RN AR AR AR
ERRARRRRR AR R AR R AR AR R RR R AR R ARR LR R RR AR AR AR R AR AT R RR AR AR AR AR AR R TR AR R AR RN AR AR AR ARRAN AR RRRR N AR AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN ARRAN AR AR AR NN R AR
ERR AR RRRRN N R AR RN N RARRARA R AR AR AL AR AR R R AR R AR R YRR AR R AR RN AR AR R ARRAN AR AR AR NN R AR AN
ERRARRRRRN N R AR RN NN RARRARR R AR AR AL ARR AR AR AR RN A YRR AR R AR AN R AR R ARRAN AR AR AR NN R AR AN
RARRARANRARRRAN NN NN RARRARA R AR AR AL AR AR AR AR R AR AR TR AR AR AR AN R AR R ARRAR AR AR RN AR AR AN
RARRARANR AR NN N RARRARA R AR AR AR T AR AR AR AR R AR AR TR AR R AR RN R R AR ARRAR AR AR AR AN R AR
RARRARAR AR RN NN RARRAAR R AR AR AR T AR AR AR AR AR A AR TR AR AR AR AR AR R N N N N N NN
RRRRRRARRRRR R AR R N AARRRARRRA R AR R AR TR AR AR R R AR AR R R TR AR RN NN NN RRRRNRRRRRR AR AR R R R
RARRRRRARRRRR RN AR R R RARRRRRARRRRR AT RRRR AR R RR AR AR TR AR AR RN AR R R RRRRNARRRRR AR AR R R
RN O RN ARRRRRARRRRR AR TR AR R AR AR R AR AR R TR AR AR R AR R AR R AR R NN NN NN
Nej 1O <t ap N —

L1

X




dx—y < 8
2x+y < 10
bx =2y >

—2

> 0

X,y

v
NN
V| NN
NN
NN
D NARRARRARRA]
ARRRRARRR RN
ARRRRRNA R AR RN
IT NRRRARRRRRN AR AR A
ARRNRARRRR RN AR AR
o0 ARRRANN AR AR RN AR R AR
= ARRRARNR AR RN AR A AR A
a ARRRAR AR NRRR AR R AR NN A AR
\/| ARRARAR A RAR AN R R AR RN AR AR AN
ARAARAAAAARAAARAAARANRARAARARNARARNAANNN,
v RRRRAARRRRR R AR RN AR AR RN AR R AR
RRRRRARRRRR R AR RN AR AR RN AR R AR
RRRRARRRR AR AR AR AN AR RN AR AR
RRRRARRRRRRR R AR RN AR AR NN AR A
RRRRARR AR AR AR RN AR R AR NN AR A
RRRRARRARRR RN RN AR R AR RN AR A AR
RRRRAAR R AR RN AR RN AR R AR RN A AR
RARRAR R AR AR AR RN AR R AR NN A AR
RARRAA R AR R AR RN AR R AR AN A AR
RARRAA R AR AR AR R NN AR R AR RN A AR
RRRRRRRRRRR R AR RN AN AR RN AR R AR
RRRRRRRRRRR AR AR AN R RR RN AR R AR
RRRRRARRRRR AR RN AN AR NN AR A
RRRRRRR AR AR AR RN AR AR NN R AR
ARAARAARAARAARAARAARARAARAARARNARAKARNAARN
ARRRARA AR RA AR AR AR R AR R AN AR
NN RRRRAR R AR AR AR RN AR R AR RN AR A AR
NN RARRRARRARR AR AR NN AR R AR RN AR AR
NN RARRAR R AR R AR RN RN R R AR AN A AR
NN RARRRRRRRRRRRRRRARRRRRR RN NN NN AN
NN RARRRARRRRRRRRRRARRRRRR RN AN NN AN
NN RRRRRARRRRR AR AR AN AR RN AR R AR
ARRRRRARRR AR AR AR RN AR AR RN AR N RRRRANR AR RN R AR R RN AR A
ARRRARAR AR AR AR RR R AR AR AR AR AR TR AR AR R RN RN A RRRRANR AR AR N AR RRR RN AR A
ARARRRRRRRR AR AR R AL AR R RRR AR R AR R AN TR R AR R AR RN AR R ARRRNN AR RRRN NN R AR AR
ARRRARRRRRRR AR AR R AR AR AR RN R AR AR AR T AR R AR R AR RN AR R AR N ARRRNARRRRRN AR AR
ARRRARLARRR AR AR AR R AR AT RRRA AR AR R AR AR AR TR AR R AR RN R AR RN AR NRRRAA ARRRANNANARARAA
ARRRAAA R TRRR AR R ARAR AR R A AT AR R AR AR AR R AR R TR AR AR R AR R AR R AR AR AR AR R AR R RN YRR RN
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N R NNy RN
N N N N N NN N N N N NN N N N N NN N N N N N N N NN NN NN NN NN NN NN NN NN NN DN
ARRRARRRRRRARRARAARARRARARARARARARAR AL A RAAAA R AR A AR A AT AR AR R AR AR AR AR A NRARRRRARAA NN AN A NN AR AR AR AR AR AR AR
AARRRARAR AR R AR AR AR AR RRR R AR AR R AR A RRR AR AR R RR AR AR R AR AR AR AR AR TR AR AR R AR AR AR AR R RN AR AR A
ARRARRARRRARR AR R AR LA R RRR AR AR AR AR R LA AR R AR AR AR AR TR AR AR R RR R AR AR TR AR AR R R AR AR R AR A AR AR AR AR R
ARRRRAR AR RRR R AR A RRR AT A RRR AR AR AR AR AR RRRR AR R AR AR AR AT RRR AR R RRR AR R AR AR R AR AR R AR AR RN AR AR AR AR AR R AR
ARRRRR R RRR AR AR AR AR AR AR AR AR AR AR AR R TR AR AR R AR R AR AR TR AR AR AR AR AR AR YRR AR AR AR AR AR AR AR AR R AR RN N R AR
ARRRARR AR AR A AR AR AR R AR AR AR AR AR AR AR AR R TR RRR R AR R AR R AR R TR AR AR AR R AR R AR AR AR AR AR AR R AR N A R AR RN AR AR R A
ARRRAAR AR LA AR AR A AR A AR AT A AR R AR AR AR AR AR LA RR A AR R AR AR A AR TR AR AR AR AR AR AR R R AR R R AR AR R AR R R R AR R RN AR AR
ARRRAA AR AR AR AR A AR A AR A AR A AR TR A AR A AR A AR A A TR AR AR AR A AR AR AR T AR AR AR R AR R AR AR AR AR AR AR AR R AR AR R AR AR R AR AR RN AR A
AARTAA AR A AT A AR A AR AR A AR AR A A AT AR AR A AR A A AR A AT AR AR A AR A AR AR AR TR AR AR AR AR AR AR A AR R AR R AR R AR R AR R AR AR AR R AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N TN
ARRRAR AR R AR AR AR R AR AR R AR R AR AR AR AR AR AR AR AR AR TR AR AR AR AR AR AR R TR AR R R AR AR AR AR R TR AR AR AR AR AR AR AN R AR AR AR AR AR R A AR
ARRRRRARAR AR R AL RRR R AR AR AR R AR TR AR AR R RRR R AR AR TR AR AR R AR AR AR R AR AR AR AR AR AR AR AR R AR R AR AR AR AR AR AR R AR A
ERR AR RRRR AR R AR R AR AR R RAR AR R AR AR A RRR AR AR AR R AR AR AR R AR AR R AR R AR TR AR AR R RR AR AR AR TR AR R AR R AR AR AR RN AR AR AR AN AR R AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN NN NN NN NN
ERRARRRRRARRR AR R A AR A AR AR AR RARR AL ARAR AR AR AR R A AR A RRRAARR AR R AR AR IRRAARRRRR R A AR AR NRA AR AR R AR A AR AR NR AR AR R AN AR AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
AARRTAAA A AR TR A AR A AR AR A AR AR AR AT AR A AR AR R A AR A AT AR R AR R AR AR R AT AR AR AR R AR R AR AR AR AR AR A AR R AR R R AR AR AR AR R AR AR A
ARATAA AR AR TR AR A AT A AR A AR A A A AT AT A AR A AR A AR A AT AR AR A AR A AR AR AR TR AR AR A AR A AR R AR AR AR R AR R AR AR AR AR AR AR R AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N LY
ARRRAR AR AR AR AR AR AR AR AR R AR AR AR AR AR R AR AR R AR TR AR AR AR AR R R AR R TR AR R R AR R AR AR AR TR AR AR AR AR AR AR AR AR A AR AR R AR R A AR
ARRRRRARAR AR R AL RRRR AR R AR AR R AR TR AR AR R RRR R AR AR TR AR AR AR R AR AR AR AR AR AR R AR AR AR AR AR AR R AR AR AR AR AR AN AR R AR A
LR AR R RR AR AR AR R AR AR R RA R AR R AR AR R RRR AR AR AR R AR AR AR R AR R AR AR R AR TR AR AR RR AR AR AR TR AR R AR R AR AR R R NN R AR AR AN AR R AR
ERRARRRRR AR R AR R AR AR AR AR AR R AR AR R RRR AR AR AR R AR AT R RR R AR R AR AR R AR TR AR AR RR AR AR AR TR AR AR R AR AR R AR R AR AR R RN AR AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
AARTAAA A AR TR A AR AR A AR A AR A AR AT AR A AR AR A A AR AR TR AR A AR AR AR AR AT AR AR AR R AR R AR AR A AR R AR R AR R AR R AR R AR AR A AR AR AR A
ARRTAA AR AR LA A AR A AR A A AR A AR AT AR AR AR A AR A AT AR AR AR R AR A AR AT AR R AR R AR AR AR R A R AR AR R AR R AR R A A R AR AR AR R AR AR
ARATAAA A AR A AR A AT A A A AR A A A A A A AT A AR A A A A A AR A A TR A AR AR AR A A AT A AR A AR A AR AR AR AR A AR AR R A AR AR AR AR AR AR R AR AR
RRRRRRRRRRRARRARRRRRRARRARARRRRRARRRRARRARAAARRARRR A AR AR R AR AR AR R AR ARRAR AR AR AR AR AR RN R AR ARARRRRRR AR AR AR AR AR AR R AR AR
ERRARRRRR AR AR R R AR AR R RA AR AR AR AL A RRR AR AR AR R AR AR RRR AR AR AR R AR TR AR AR R RR AR AR AR R R AR R AR AR R AR RN R AR AR AN AR R AR
LR AR RRRR AR R AR R AR AR R RA R AR R AR AR A RRR AR AR AR R AR AT R RRR AR R AR AR R AR TR AR AR RR AR AR AR TR AR AR R AR AR R AR N AR AR AR AN AR R AR
LR AR RRRR AR R AR R AR AR AR AR AR R AR AT AR AR AR AR AR R AR AT R AR AR AR AR AR R AR TR AR AR AR AR AR AR TR AR AR R AR AR R AR R A R AR R RN AR AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
N N N N N N N N N N N N N N N N N NN
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN
AARTAA AR AR TR A AR AR A AR A AR AR AR AT AR AR AR A AR A AT AR AR AR R AR AR A AT AR AR AR A AR R AR AR AR AR AR R AR R AR R AR N R AR AR AR R AR AR A
AARTAA AR AR TR AR A AT A AR A AR A A A AT AT A AR AR A A AR A A TR AR A AR AR A AR AT A AR AR AR A AR AR AR A R AR AR R AR R AR R AR R AR AR A AR AR AR
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN TN
RRRRRRARAR AR R AL RRRR AR AR AR R AR TR R AR RRR R AR AR TR R AR AR R AR AR R AR AR AR AR R AR AR AR AR AR AR AR AR AR N R AR AR AR AR R AR A
ERRARRRRR AR AR R R AR AR RRAR AR A AR AR LA RRR AR AR AR R AR AR RRR AR AR AR R AR TR AR AR RR AR AR AR TR AR AR R AR AR R AR R A R AR AR AN AR R AR
ERRARRRRR AR R AR R AR AR R RR R AR R AR AR R RRR AR AR AR R AR AT R RR R AR R AR AR R AR TR AR AR R AR AR AR AR TR AR R AR R AR AR R AR R AR AR AR AN AR AR
ERRARRRRR AR R AR R R AR AR AR AR R ARR TR R AR AR AR AR R AR AT AR R AR R AR AR R AR TR AR AR AR AR AR AR TR AR AR R AR AR R AR N AR AR R RN AR AR AR
N N N N N S N N N N N N N N N N N N N N N N N N N N N N N NN NN N NN NN N N NN NN NN NN
I~ Nej LO <t o N —

o |

L1

X



dx —y < 8
2x+y < 10
obx -2y > =2

x,y = 0

= O
NN
V| AONNN
NONNNN
NNNNNNNN
N NNV
NRRRRRRRR AR A
RRRRRAR R AR AR R A K]
IT NRRRRRRRA AR R AR R K]
ARARRRRRRR AR AR R R RS
ARRRARRRRRRR R R R R R R AR
< ARRRRRARRRRR AR AR AR R AR
a ARRRRRRRARAR AR R R R R AR
ARRARRRR AR AR AR AR AR AR AR R AR
AAAAAARAAARAARARARARARAARARAAARARN 4
N NARAAARAR AR R AR AR AR AN
EN RARRRRRARRR AR AR K]
BN RRRRRRRARAR AR AR R K]
EN RARRRRRRA AR AR AR K]
LN NARRRRR AR AR R AR A
LN NRRRRRRA AR AR AR A A
LN RARRRRARARRRRR AR AR R R AR
LN RARRRRARARRRRRR AR AR R AR
LN RARRRRARAR AR AR AR R AR R AR
LN RARRRARARAR AR AR AR AR AR
N AARRRAARAR AR AR AR AR AR AR
LN RRRRRARRRRRRRR AR KRR K]
LN RRRRRARRRRRRR AR KRR K]
LN RRRRRARRRRRRR AR AR R R AR
LNLN LNLNLN ARAARAARAARARARAARAAARNARAARARARN] 3
(XN RARARARARRRRR AR AR AR A
LN RARRRRARARRRRRR R AR R AR
LN RARRRRARARRR AR AR AR R AR
LN RARRARARARRRRR AR AR AR
LN RARRRARARARRR AR AR AR AR AR
A NARRRAARAR AR R AR AR RS
N RRRRARNRRRRR AR R R AR R A
RAAA R URNRARN AR R R AR A
R ARRRRAAA AN NN AR A
N ARRARRRRA AN NN NN
N A N LN NN NNNNNNN
NN A AR NN NNNN
KRR A RARARRIRKAR ARRRARA]
AR A RRRRAR AR AR AR RN
KRN LN AAAN ARAARAARARARARKSSN
RN A ARARRAARRRRRRRR AR R AR
NN NRRRARRRRRRRR R T RRRARR AR R AR AR TR R R AR RN R RN AR ARRARAR AR RRRRRRRRR R AN
NN NRRRARRRRRRRR AR TR R RARR AR R AR AR R TR AR AR AR AR R AR AR AR R R R A
N AR AR R RRRRA AR AR AR AR R AR R AR AR AR R AR AR AR AR R AR AR AR RN A
AR ARRRRRRRARR TR R AR AR AR AR AR AR AR AR AR AR AR NRRRAR AR AR AR AR QA
NN NARAAN NAN RARTRRRRRARR AR AR AR AR RRARARARNRRR AR AR R AR AR QA
NARARR NARARR NN RRTRRRRRRRR AR AR R R AR A RRRRRARRRRRRR R AR R A
RARRRRRRRR R AR R RARRA AR AR A N ARIRRRRRRRRRRR AR R AR A RRRRRARRRRRRR R R R AR A
RARRRRRRR R AR R RRR AR AR AR AR RRIRRRRRRRRRRR AR R A RRRRRARRRRRRRR R AR R R A
RARRRRRRRRARRRRRRRR RN RRA AR RRRRR AR R AR AR R R AR RRRRRARRR AR AR AR AR R QA
RARRARRRRRARRRRRRRRR RN AN ARNYRRRRRRRRRRRRR R RN AARRARARARRRRRRRRR AR AR AN
RARRRRRRA RN R RRR RN LN SO ENN NN NN NN LN ENN ARRRAR AR R AN
RARRRRRRARARRRRRRR AR RN NARRRRRARRRR NRRRRRRRRRRRR RN AR AR AR RN AN
RARRRRRRR R AR R RRRRR AR RN NARRARRRRR AR NRRARRRRRARRRR R AR AR IR AR RN R AN
NN CENN NN RO PO ENN RARRRIR RN RN R KRR
RRRRRRRRRRARRRRRRARRNARAN RRRARARRRRRRNARR RRRAARRRARNRR RRAAARARRNRARRRRARARARRAR
RARRRRRRRRRARRRRRRRR RN NARARRRRRARR AR AR ARA A RRRARRRARNARR AR AR R AR
RARRRRRRRRRARRRRRRRR RN RARRRRRRR AR AR AR AR A RRARRRRARNAR AR AR AR A K AR
RARRRRRRRR R AR R RRRRA AR AR RRRRRRRRR R AR AR RRRRAR AR A RRRRRRARNA AR AR R A
RARRARRRRRRARRRRRRR RN AN RRRRRRRRR AR AR R R ARRARARR AR LN RRRRRR AR R AR K AR
RARRRRRRRRRARRRRRRRR RN NARRRRRRARRR R RN NN R N RARRAR IR R AR
RARRRRRRARANRRRRRR AR RN RARRRRRARRRN YRR NN RN LN RARRRA AR AR AR RN
RARRRRRRARARRRARR R AR RN NARRARRRARRR YRR RRRRRK AN N RARARA RN AR RN R AN
RARRRRRRARARRRRRRRA RN NARRARRRARAR YRR RRRRRK LN NN AR RN AN
LRRRRRRRRRRRR AR LR AR AR AR AR AR AR AL AR AR AR AR R RRR AR LR RRRR AR RN AR AR AR AR AR AR RRAA
FRRRRRRRRRRRR AR LR AR AR AR AR AR AR AL AR AR RRRRRRRRR R RRRRR AR AR AR AN AR AR AR AR AR AR R R AR RRRR
LRRRRRRRRRRRR AR LR AR AR AR AR AR AR AL AR AR AR AR AR R AR R LR RRRRR R R AR RN YRR AR AR AR AR AR R R AR KRR
ERRRRRRRRRRRR AR LR R AR AR AR AR AR AR LA AR R AR AR R R R AR R LRRRRRR R AR AR AN YRR AR AR AR AR AR R R AR AR
ARRRARAR AR AR AR AR R AR R AR AR AR AR R RRR AR AR AR AR AR TR AR AR AR AR AR AR AT R AR AR R R R A AR
ARARAR AR AR AR A A LA R AR R AR AR AR R AR AR AR R AR A AR AR AR LA A A A A AR A A A A A AR AR R AR AR AR AR RN R NARR o
RRRARRRRRRRRRRR AR RRRRRRRARRRRRRARRRRRARRRRRR AR ARRRRRRAARRRARRRANRARRRRRRRARARRR AR R RRRA
ERAR AR AR AR AR R AR R TR R RR AR R AR AR R AR T AR AR AR AR AR AR AR TR R R AR R AR AR AR AR AR AR AR AR R R R AN
ERA AR AR R AR R R AR R AR AR AR AR AR AR R AR TR AR AR R AR AR AR AR TR R R AR AR AR AR R R AR AR AR AR R AR AR R R AN
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN N N N RN RN LN
LRRRRRRRRRRRR AR LR AR AR AR AR AR AR LA AR AR R R R AR AR AR LR RN AR AN YRR AR AR AR AR AR AR R R R LN
LRRRRRRRRRRRR AR LR R AR AR AR AR R AR AT AR AR AR AR AR AR AR LRRRRR AR AR AR AR YRR AR AR AR AR AR R R AR LN
ERRRRRRRRRRRR AR LR AR AR AR AR AR AR AL AR R AR AR R R R AR AR LRRRRRR AR AR AN YRR AR AR AR AR AR R R AR LN
LRRRRRRRRRRAR AR LR R AR AR AR AR AR AR LA AR R AR AR AR AR R R LRRRRRR R AR AR AR YRR AR AR AR AR R AR R AR LN
ARRRARAR AR AR AR LA R AR R AR AR AR RRRLRRRR R AR AR AR AR TR AR AR AR AR AR AR R R A AN
ARRRRRA R AR AR AR LA R AR R AR AR AR AR AR AR AR AR AR AR AR R TR AR AR AR AR AR AR AT RRR AR AR AR R R R R AN
ERR AR R AR R AR R R AR AR AR AR AR AR AR AR R AR AR R AR R AR R AR AR AR AR R RR AR R R R TR AR AR R R R AR R R KRR
ERAR AR R AR AR R R AR R AR R AR R AR AR AR R AR TR AR AR AR AR AR R AR RRR AR AR AR R R AR R AR AR R AR AR AR R R LN
ERAR AR AR R AR AR R AR R AR R AR R AR AR AR R AR T AR AR AR AR R AR R AR TR AR AR R AR AR AR R AT AR AR AR AR AR AR R R R N
EU AR TR A AT A AR AR AT AR A TR R AT AR AR AR AR AR A AR R AR AR TR A AR AR AR A AR AR TR AR R AR AR AR AR AR AR R AR AR R AR R AR R YRR AR AR AR AR AR e
N N Y N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N NN NN |
I~ 1O <t (am) N — (-

L1

X



Certif
tificate of optimality

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

. =
?j = 7

§<~+j < g



Certificate of optimality

maxxr + Yy

dx—y < 8

2x+y < 10 [ 14X +7y < 70

X—2y 2 =2 -1 Bx+ 2y =2
x,y = 0
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Brownie Dumpling Espresso Roots
cost 5 2 3 3
cals 400 200 150 500
choc 3 2 0 0
sugar 2 2 4 4
fat 2 4 0 5

requirements:

500 calories, 6 0z choc, 10 0z sugar, 3 oziat

Min Ty 4 2x2 = 3wyt by

Goow, 4 2R%t (SVxzr SNy 7 529
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Brownie Dumpling Espresso Roots
cost 5 2 3 3
cals 400 200 150 500
choc 3 2 0 0
sugar 2 2 4 4
fat 2 4 0 5

requirements: 500 calories, 6.0z choc, 10 0z sugar, 8 oz fat

=

min dxq + 2xo9 + 3x3 + 814

A S 2 _ b
400 200 150 500 T1 500
3 2 0 0 To > 0
2 2 4 4 3 — 10

i 2 4 0 5 1 L L4 _ i 8 _
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min dxq + 229 + 313 + 814
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min dxq + 229 + 313 + 814

400 200 150 500 | [ a1 | _
3 2 0 0 Lo \>
2 2 4 4 X3 o
i 2 4 0 5) 1 L L4 il
x| a
H-representation SN2 7
begiln Xy oY
@) rational wy
-500 400 200 150 500
-6 3 2 0 0
-10 2 2 4 4
-6 2 4 0 5
0 1 0 0 0
0 o 1 0 0
0 2 0 1 0
0 o 0 0 1
end
minimize

052 38




min dxq + 229 + 313 + 814

- 400 200 150 500 | [ - 500 |
3 2 0 0 vz | o 6
2 2 4 4 X3 R 10
i 2 4 O 5 1 L L4 i i i i

H-representation - -
*0bjective function 1is

begin 0 + 5 X[1] + 2 X[2] + 3 X[3] + 8 X[4]
8 4 rational xLP status: a dual pair (x, y) of optimal
-500 400 200 150 500 begin

-6 3 P 0 0 primal_solution
-10 2 2 4 4 -
-6 2 4 0 5 31
o 1 o o o T
0 0 1 0 0 ual_solution
2 -1/4
0 0 0 . 0 5 ¢ -11/4
0 o 0 0 1 3 : -3/4
end 8 : -5

minimize optimal_value
end

\? 5238 xnumber of pivot operations = 4




max flow as Ip

@mef(s,v)—Zf(v,s) max fit s~ i
0 0
f(u,v) < c(u,v) for (u,v) in E ?jz
Y f(e0) = ¥ fow) e

L fu,0) 20 for (u,v) in E et

; D(V‘{% - {z —
3 ¢
s of AR >f B
| £i 7;0




MiN-cost flow as Ip

input: (G,c,s,t) G=(V,E) c:E—Z, x:E—7Z, d




MiN-cost flow as Ip
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76r0-SUM games

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

her strategy first:



76r0-SUM games
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rowena
rowena announces 2]
her strategy first:
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76r0-SUM games

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

her strategy first:

‘maxz

z < 3r1 —2r
z < —r1—|—2rr2
r+r=1

\/rl,rz > 0



76r0-SUM games

colin
3 | -1
rowena
colin announces 2| |

his strategy first:

(c1,¢2)



7Er0-SUM games

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

his strategy first:

pick (c.¢2) soastomin maxi3c —cz, —2¢1 +ca}




76r0-SUM games

rowena
colin announces
his strategy first:

colin

3

-2

min w

—3c1 + ¢ +w
2c1 —cp+w
C1 -+ C»

C1,C€2
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76r0-SUM games

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

ri1,72



/\

max z
-3r1 + 210 + 2z
ri —r) 42
r + 12

k ri1,72

76r0-SUM games
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min w

—3c1+ ¢ +w
201 — )+ w
C1+ C»
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76r0-SUM games
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-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): X

cdd/cdd+ manuab——"

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




now to “evaluate™ an Ip

max ¢t 7

AZ < b
Tz >0

vV A



simplex
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init: of Y of"ij/ /@///0,,.-\@

: % (:f T/ 5
while « V\éf?\q\av Wes & \/\ls\/{f et C-X 2c L

do:
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WE HAVE BEEN SOLVING
PROBLEM A BY SOLVING
SMALLER VERSIONS OF
PROBLEM A



GENERAL IDEA:
SOLVE PROBLEM A BY SOLVING
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PROBLEM 2 Classrooms

Before the start of the Spring semester, the Registrar must assign each class to a time and
a classroom. The classroom must be larger than the class it holds to properly seat all the
students. Suppose there are n classes such that class i has s; students enrolled. The univer-
sity has m rooms, and room j can hold r; students. Finally, there are non-overlapping time
slots tq, ..., t; for the classes. For example t; is “MW9g-10.15" and ¢, is “MW10.30-11.45"
and so on. Given all this data, namely, given (sq,...,s,), (r1,...,7m), (f1,..., tx), design
an efficient algorithm that assigns classes to times and classrooms. Analyze the running

time and argue correctness. .
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PROBLEM 2 Classrooms

Before the start of the Spring semester, the Registrar must assign each class to a time and
a classroom. The classroom must be larger than the class it holds to properly seat all the
students. Suppose there are n classes such that class i has s; students enrolled. The univer-
sity has m rooms, and room j can hold r; students. Finally, there are non-overlapping time
slots tq, ..., t; for the classes. For example t; is “MW09-10.15" and ¢, is “MW10.30-11.45"
and so on. Given all this data, namely, given (s1,...,sn), (r1,...,*m), (t1,...,tx), design
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MaxBIPARTITE < MaxEFLOW

MaxEDGEDIS] < MaxFLOW
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Nndepenaent set

aset °SY  isanindependent set if
no two nodeés in < are joined by an edge.
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a vertex cover ofagraphisaset CCcVv
such that v (x,y) € E
either xeC oryeC
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goal:

given a graph G



MAXINDSET < (v) MINVERTEXCOVER

A solution to VC can be
used to solve INDSET



thm: set S is an independent set of G iff V-S is a vertex cover.
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