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Tuesday, November 17, 2015 9:30 AM
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Waeor o\ge,\of& andkh vwaost ax)proad/\c& tor o\o\-‘m\am\&su.
"Lineor cenression , asu® have presenved 't effecrvely
reduces the dimemsyon of e J\O&ad(\j 1, eq., Fithig
a 1D Iwme o & 2D cJowko—? Jocka fO(V\‘\'é.
/n\ﬁa:ib\/\ﬂsoﬂ’\,fn&’/v\s\'m& Lepamoe (rc{)cd\':s n
Ao povds fo \Ej\r\ (mvxdmv\b Awmenstons au«m%xmaa—cb
Preser\!MS anoes & l@w&#\/\s (after v‘e,scau\\’@.

‘Mcc\'hx k. edwnctbion via e SVD is awo e,
exoample . Moreover, s usedl in ?ﬂ‘/\o‘wo\\ CO\N\YQJ\CA/\’\

Anolnsis for veducing the Amemsioviali by o Aade sers.
(,\')e‘,“\\N)seQ s V\ex‘\‘.\“g iv

Pancipa. Componenr ANALYSIS (FCA

Exwmp\e: CavV\po\‘:SV\ contribubions to US senodons
1. ey e dada

M a p ng ht REVEALING MONEY'S INFLUENCE ON POLITICS Searc

U.S. Congress » Change Guide Bills Legislators Interest Groups Contributions Companie

Find Contributions

Monetary and non-monetary contributions to candidate campaign committees of legislators serving in the 108th, 110th, 1114

Office/Party Dffice or party affiliation # Senate House Democrat Republican Indeg
Legislator Recipient (elected official) All
Contributor Mame, occupation, or employer *
advanced
Interest Group Category of contributor any
any =
any =
Date Date contribution was made to
Election Cycle Election in following year 2002 () 2004 () 2006 & 2008 & 2010 & 2012
Location Location of individual contributors , | state s,
Source Individual or organization (=) All () Nen-PAC () PAC
a.Clean it « : )
P Conkriyudor caleasries
Senator Agribusiness CWics CMon Defense Education
[Alexander, Lamar, R} 223171 208 781 287 750 75400 145 700
[Ayotte, Kelly, R 98 000 273 969 124 938 67150 30600
(Baldwin, Tammy, D! 85509 440 506 74 609 4450 287 934
[Barrasso, John, R} 166 150 262 850 186 933 86500 37050
[Ranena . Max. N1 R2T D3R 517 545 ane 437 1071 RON0 L1 53R
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Senator Agribusiness C unic/Electronics Consktruction Defense Education
e e ClEunic, b Ste.mt atbedl

[Alexander, Lamar, R} 223171 208781 287 750 75400 145 700
[Ayotte, Kelly, R} 98 000 273 969 124 938 67150 30600
[(Baldwin, Tammy, D} 85508 440506 74609 4450 287 934
[{Barrasso, John, R} 166 150 262 850 186 933 B6500 37050

[Baucus, Max, D} 627 036 517 595 302 437 101600 50538
{Begich, Mark, D! 16 781 310583 95819 30000 40175
(Bennet, Michael, D} 214 341 826273 161 425 53150 274 355
{Blumenthal, Richard, D} 3nos0 309 600 76 400 21750 155 400
(Blunt, Roy, Rl 805677 728 737 481 335 155 350 70 150
[Boozman, John, R} 172 829 70296 228 786 kD] 26 700
[Boxer, Barbara, D} 207 350 1634 559 38E 955 24150 33B 404
[{Brown, Sherrod, D} 180532 S0B 863 239702 102450 461577
[Burr, Richard, R} 603 16E 264 838 277904 156947 55 365

[Cantwell, Maria, D} a0 883 490 380 89673 40975 94 278

{Cardin, Benjamin, D} 50750 350 837 157 822 80550 121 665
[Carper, Thomas, D!} 91 885 276 990 97 810 60400 25 466
{Casey, Robert, D) 251 250 537 416 244976 125075 257211

(Chambliss, Saxby, R} 1758731 380 684 483 351 286 150 44 368
[Coburn, Thomas, R} 100 625 115 630 57 800 36650 5400
[Cochran, Thad, R} 373294 98 500 119250 167050 21 350
[(Collins, Susan, R} 207 B3B 459982 269 546 291801 56 350

{Coons, Chris, D} 32550 200 450 34 150 19500 55077
[Corker, Bok, R} 316 050 436 582 600 050 70850 81250
{Cornyn, John, R} 686 106 486 367 559927 243076 52725
[Crapo, Michael, R} 288 499 145962 132 420 39000 3930
[Cruz, Ted, R: 247200 234 178 340903 8700 69500
(Donnelly, Joe, D} 194 546 144 158 181 548 120283 140709

{Durbin, Richard, D} 249014 486 625 191 600 127 350 149 375
[Enzi, Michael, R} 90 444 73050 50500 25500 13000

[Feinstein, Dianne, D} 522217 591 836 184 400 198500 29 386

{Fischer, Deb, R! 291502 97 400 131028 10000 12500
[{Flake, Jeff, R} 399577 212700 317 850 261900 79 000

2. Standedize” twe daka -
aD 3/\1‘?'\' Mae wuawioess in eocln coluw\vx SO HJ\Q,_FV’V\EQV\ (2:—3(?:0‘
\o> Sk eac cllumn so Hhe variance d’g";;(x(‘; Y =4
Ng*g= ’n/\e Sco\\\":rt> W\ois\oe, QM\\%J\ vQ' Y\we a\(f-p;rcV\* 06“' 7)\onkes
are Lnown Yo lie ¢n e Sawe SQO\\Q.

Hece # Wos the echo—\' o} W\a\c\ﬂ o\ rod-eéories aciUO\“\Aj
sBmi%mv\’c, even '\"/\Ol\/\S\/\ some 8)\\1& more Hrown otherss !
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{sectors, Plus 82 puredata} // Transpose // Sort[#, #I[2] » #2[2] &] & // MatrixForm

 Finance/Insur /RealBst 16E 151 725

Unknown 154842 094
Lawyers & Lobbyists 112167979
Other 103253 137
Ideology/Single-issue 100385417
Misc Business 92373 646
Health 71844 560
Communic/Electronics 45991 954
Energy/MNat Resource 40100000
hgribusiness 30637 498
Construction 28244 716
Transportation 23257 205
Labor 20546 123
Education 12200 463
Defense 10484 140

Party Cmte 1690362

\ Joint Candidate Cmtes 514864 |

{height, width} = Dimensions [puredata]
puredatastandardized = puredata // N;

1 height

means = puredatastandardized[i];

height o

For[j =1, j = height, j ++,
puredatastandardized(j] -= means;

13

1 height

variances = puredatastandardized[i]%;

height o
Far[j =1, j < height, j++,
puredatastandardizedj] /= VY variances ;

E

(97, 17}

4 Jake the YYD

{U, M, ¥} = SinqularValueDecomposition[puredatastandardized];
Plus @@ Plus 88 Abs /@ (U.M.Transpose[V] - puredatastandardized)
{Dimensions [U] , Dimensions [M], Dimensions [V] }

1 T - 3 /
5.96535x10 22— UMYT = At madrix

A (N dawa M Aiw V
({97, 97}, {97, 17}, {17, 17}]

Are sw&v\\w valwes , sorked Grom \a@&s\' on down :
M // MatrixForm

f33.265
0.

0.
12.4751

0.
0.

0. 0.
0. 0.

0.
0.

0.
0.

0.
0.
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M // MatrixForm

1 33.265 0. 0. 0. 0. 0. 0. 0.
0 12.4751 0. 0. 0. 0. 0. 0. -
0 0. 10.0409 0. 0. 0. 0. 0.
0 0. 0. 9.3013 0. 0. 0. 0.
0 0. 0. 0. 7.3B85 0. 0. 0.
0 0. 0. 0. 0. 5.60893 0. 0.
0 0. 0. 0. 0. 0. 4.79764 0.
0 0. 0. 0. 0. 0. 0. 4.4487
0 0. 0. 0. 0. 0. 0. 0. R
0 0. 0. 0. 0. 0. 0. 0. N
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
Note: ﬂr\e, columns c&l (L ace the lefr vlor veckors,

—

-\\—ow\/\i\ts o Vosis for co\u\vvw»s\oo\ce 2(3\0\-\-03
e cdumns f V ace Hae r{s\/‘c\- snavlor yectors,
{’-orw\@ n vos\s for ronsface R Qatal)).

¢ Now oy ?
k) We conld O Prox tnate e dodo wadrix wdivn o
lower-mnk wod\x, eey.; Leeprna

fu—

(3
,‘3 33.265 O Lirsk tuo columns—
32\ o rus) | —of V, fanyoed
5 s
é-\'"?j aves o ol -2 wadiix,
'

Emc\r\ t\odv\ Vo\\/\‘\’ Gow) howd \\Qb N oo lD 5U\lﬂsra(a,
& RT
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"These are the two most important directions:";
principaldirections = V[All, {1, 2}];

principaldirectionslabeled = Append [principaldirections // Transpose, sectors] // Transpose;
"Now let’'s sort these by the second component (we'll see why in a moment).";
Sort[principaldirectionslabeled,

#I[2] < #202] &

1 // MatrixForm

=
) Yo
-0.00387268 0.707777 Labor 1
0.238924 0.329765 Education
0.261419 0.268357 Lawyers & Lobbyists
0.260683 0.216817 Ideology/Single-issue
0.266349 0.211043 Communic/Electronics
0.2B2418 0.00418024 Other
0.2B8545 0.00920218 Unknown
0.2B6914 0.0197931 TFinance/Insur/RealBEst
0.291324 0.0353523 Misc Business
0.273799 0.0478608 Health
0.2148 0.05117 Defense
0.0122403 0.0995367 Joint Candidate Cmtes
0.285753 0.110642 Construction
0.273507 0.174331 Tranaportation
0.0B55998 0.1B6206 Party Cmte
0.241713 0.244521 Bgribusiness

, -0.248974 0.270343 Energy/Nat Resource |

w O ) »f» yow core ovxb about He datoee po\\/\’r&’
pos'\*'iov\s M the 2D sabspace and not avout
e su\aspacés positon m R'F —— +hen we can
use the P fuso columns o} V fo prject dovin Yo RY:

puredatastandardized // Dimensions
principaldirections // Dimensions
dataprojectedmanually = puredatastandardized.principaldirections;

197, 17}
(17, 2 | =
SF 2
Since data= UMV, datadfZ| = 5 o @&l
= Gilziii;?. ‘Qég =1
e J
Ve et

O‘G OWrR | we cond also auzs\' o e ?\‘c\:.e& oWy the Kt two
leP 4 ¢ inandor vectoes diceckun.
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J

N
Lexs plor !

ListPlot[{#} & /@ dataprojectedmanually, AspectRatio -+ 1, PlotMarkers + data[all, 1,

17,

PlotStyle »+ (dataAll, 1, 3]) /. {"D" -+ Blue, "R" +Red, "I" -+ Black}]

(97, 17}
(17, 2}
“ Lpave W ‘\0(\39 Charmbliss
S \eoder o
= Blunt
== -
> Cornyn Hellgr
. i Vitieg
(V) Wicker r
m | Jsu]mcﬂm'-" Johiweven
Fske Burrygsn Boozmag . hee
Corker 1P mune U S Cocnyan
Kirk Baucus Cruz Shelby Grassley Tohans2P? —
Alexander :Esém“'n” e vy (DM /’()
g Collins WydGantwell King OV\NY\Q)
1 1 1 1 . M.H.ll.ﬂ.:lm/-—-\ Prypr Carper L X
: ’ T et Viependnts
Stabeagw Bolith
Nelsog,, 8 Harkingi fn rHgjtkamp
amer Rockefelier 5
) Leahy (Yelmof\\')
) e Higwchar Cardin gy oo
== . MeRlomenthal
Durbin
g Udall Behmt
\Q) Schumer Tester
s Casey st
A Sevate vth')m\g ane
({mAQ,\ MeCaskill Franden
T Hirono
Brown b Heinrich
Batdwin Y
Murphy, |
Warren (D)MP()

Gk (D NY)

\nYer prc{-oc\"lbvx Coank p/v\c‘\ym\ compenent ——»Vo\\%—m\ po-r-
(wo&\k liYoea) v. conservoive ?)
\e+ ‘a/md\ga\\ compavent — 222
Omee all enrhes of the first p/i/\d\\oa\\ dicechion are <O, Hae x -drec \ion
aone says Who ratsed wiore money (o Hae most 4o the [eft) . The

A
Bfi\‘fcd‘\ZN\ Cseum&p/‘m c\yo\\ A(md—\av\> 30y how Haat money is
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AlsrAbured away bom awemie . Ncso\\—'\\ra weans more Laber. Hd1TNR
WMeans Waore, Enecoyn /Nod. Resowces .

Notice Huod Hhee s a s]\if)\/ﬁr Punvel eMfeck, candidades wino
LOKSL WOe VV\O(\Q\MB (o Yhe \Q('—Js also &z—\f d Foon a wiore \otasede
drsroluhion off donors.

Find corrc‘ac\'\‘ows) ol%)re/‘.s) voids, &i’uc&ﬁ WMore \orir\c"\rm\
Components, et .

Nore: Maray/Moshewahica/ . ol Wave Luitrin ROA funchions -

principalcomponents = PrincipalComponents [puredatastandardized];

"To keep just the first two principal components (first two columns), use:";
principalcomponentsJAll, {1, 211

Qoestion W\'\\i}) cont e ?\o-\' look ltke 62

2" cpordinate

.
L AL )

4
4

Aswer: We ae \p\o‘\'\":ﬁ (x\ ,33,---,(2<M,5m)/ wace.
Gryyoorfan) is Yhe et et si(&ux\m" Yechor and (&\,--.,3,,)
s Ywe sem&ﬁi}-\ 81 &U\\o\r et These vechors ace oﬁ\/o\ﬁom\ :
<+xi4; = O.

nCormal wotivation for PCA
The firsd Lk prir\c'\\oo\\ directisns ace the L factons Yot
Qx«;\mn Hae dota best . ”
Formal wmathematical wotivadion :
Coven doton psinvs $(x -, x ), (x5 xD),, G x DS,
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lasy ccm(c\nevx*/o\-\\'r]\am\-e M Yerms of Hae et k-
components, W himizig Hae squoced. ecror
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| % A 4o e
' ) L)
( , — .
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\ ) - K= "(k-\ x(v:)
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This ©© wosr wsefu) i the fist k) adbibndes are exact,
avd Pre last ene vwprecise o wowy) .

Leas*—sc‘umg_c V‘eéﬁesstoJ\ is not usefu (%w\qv\ak\tjesm\os
Hhe caw\pa\\\ﬁvx Binance dadon, ecause all +he components
are \Mp«fct&e/nolis_lj (e‘f% Vths\(.j aF-l—e/‘ JCO\“V\A Hre coluW\V}S)/
ownd. we acent yustk ’\'@&5 to predict ove op Hiem . Bas\m(lﬁ 5
Hae data are lecs sfructured. .

\W contrast, \(w'mc'\\oo\\ component o\vw\\ﬂsts CPCA) Ainds
Hre sudasaoo\ge (o¥n oo dension YO v c\Aoose> ot
winimizes Phe Yova) sosx)o(\e& Atstances Hom the sv\loshoo\u.

Olserve : For avg suospace QAR any dodo. POy X,
IR = | Rog G + | x — FrogsCOI
= %N xD|* = %\\ ROLN *%‘vx-@(x)\)‘

WA IMVEING sum of = MAXIIZIAg > R0
S?\/O(f(bg\(\ﬁ'ﬂw\(ﬂ& Yo & \e 5 WiM‘z'\\'\S&-\’\/\,@, F/Q)edt&
dodols Variance
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squaced distances fo S e, WMo m\\z\s -\'\/\e
Jlodols W\O\V\C&
\V\ co\/\‘\'mz,\') \erc{)ec,ﬁ/\ﬁ AOUOV\ ‘o e line wminimizes Hhe

projecked dodas vocianee: /

| | | | 7
-10 5 [ 5 10 /

Lc-\'fs so\\le s o\oﬁM’\%o\ﬁon \(:ro\o\ewx.-.

Theorew: For Aot ponts X% x? % et

S X ) Y]
x(\)___ " -
- [ D6 = > T
A x Zec X
: =)
X{m)

Ten the k-dimensiona) sv\\qsy)a\ce S that wasimizes

ZIIP )

\e dt&

is ayven \o
>3V 38 = Sfom }1,_ la,aegr e-value eUemv&’rO/S OwaAfAi.
Prof -
s 2_ | RCAI
s»\\asymc of e

- moX w~mo ko W\
oyl WA, seY Z,—\ ZT*QAVXQB
E‘A\; - U \i/_\“/\/

> 3T =2 T (Zxx
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c=y "

A3
= Z\JTA“'A 2
(;

Wok-), VV&O)\\?‘(A“:A_ WATA R 15 adnieved \:\3 e

?«ir\c/\‘m\.\ evoewvector of ATA Qy\'r\c,\(m\ fDW\' svgular
vector o?v A’ oY

For k>, ¥he vroﬁ? is Frddier. I s siwmilar fo he
previons claim Yhod Hee best rank -k approxwiation o ATA
S SV(’V\ \o\\s \‘%l’\"\ﬂ BM&-\- Hhe top L e{sewwdues.

First of «ll , cwoose o basis so Hhat ATA s ok\\%o"‘o\'\ "

X)
fTA = < N T N v Y
e >M - T AT wee ¥ is
Note that 2= «TATAw = Trace(Z ol AAW)  sye i
= Tracel=— A"'Au{u’{S +rate is céc\ic
= Trace (ATA-P)
for P=Z il
B we knews Yhatr P ek Yo Le Aio&o«\m\ in Yhe same Jorsts
as AA Ynen o\o\!'\ows\\\f) we  wouldl choose

\».
P :(:\L ‘O\

Yo F'\dc our e L \a@e&‘g\ﬁewv@mé& of ATA. Rux we dont
kmow HAO\-\-'?
Tnecelore owr Proo{f Wil have 4 steps -

O Relax +he ophimization problem Y\\L\i‘a\x Tr(AAP)
' WA rmd’.

@A(ye. ot o soluh on 4o e relaxed
problem s o(u&ovwx\.
® Sove .
® Jow Hod Hhe solwhom soves the o/&}\wu\ pra\dem, foo.
The Nodura) eloxadvon is Yo consides nat Jusy k-dwmensiona)
P Rjeetions bud- convex combi nohons of L -dmensional Yoméech‘mﬂ&.

e Yd
G ometri ﬂ\\aﬁ) Pl _ 5 L-dim v.rg\‘ech'dv\bS
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bllt)wl VYV ™ [ ~4 5,8 ] I VX CA UUVVNVITWNLIVVLILOD W Q@ YWV ILVIDIVY VLY Y" "d\\./‘ 1V~ v,

ica
Geometrica \35 ) - § L -din Yrguh may

dconvex covnbs of L-dwm rr(a’echvij

A wadrix AL 5 & convex comabmadion of k-dim. proéedhm

$ ok ooy
O#Q%‘I ano\ TFQ ’_'k :

_ )
‘P ‘:’d\w\ m OT/‘ C; 5{
Next we ogoypre Hhadk an oprmal Q s diaqona. \Wdecd,, let
v 2} .
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