Information theory

Concept of information (through an example)
Information content of data streams, information rate

Entropy and information

H
“ wish | could be as calm as JB when it comes to
making decisions.”

Concept of information (through an example)

Intuitive concept:
"informare" (Lat.) : ,to give form to the mind”, or to teach, instruct somebody
Thus: ,We can only change our minds, when we recieve information.”

Or:
»a type of input to an organism or designed device” : Ecology, sensory input
(Smell of food — movement of animal)

Or:

sinformation is any type of pattern that influences
the formation or transformation of other patterns.”
(RNA sequence — Protein structure)

“| wish | could be as calm as JB when it comes to
making decisions.”

Transmitting information — information content

Event and information:
What happened?

Lnformation content” of events:
-It is light traffic this morning
-It will rain tomorrow.

-1 have won the lottery!

How can we encode information?

Transmitting information — information coding

in general

Information source Which event occured from a set of possibilities?

v
Information reciever

. : (news)
destination




Transmitting information — information coding

in general

Information source

Transmission channel

Information reciever

N ; (news)
destination

Which event occured from a set of possibilities?

Transmitting information — information coding

in general

Information source Which event occured from a set of possibilities?

encoding Encoding: We represent events with NUMBERS

Transmission channel

decoding Decoding: We reconstruct events from NUMBERS

Information reciever

. : (news)
destination

Transmitting information — information coding

in general

Information source

encoding

Transmission channel

decoding

Information reciever
destination

an example

Tossing a dime

Head or Tail?

Transmitting information — information coding

in general an example

@ Which side is up?

Information source

: : 4 Y4 , .
Information reciever » =& | Decide who wins
destination uﬁﬁkm




Transmitting information — information coding

in general

Information source

encoding

Information reciever
destination

an example

)
é‘ Which side is up?

encoding |

Sides : Head or Tail
into Numbers: 1,0

%& Decide who wins
» 1

Transmitting information — information coding

in general

Information source

encoding

Transmission channel

Information reciever
destination

an example
£~ Which side is up?

10

encoding | Sides : Head or Tail
into Numbers: 1,0

Speech, waves in the air, sms

%ﬁ Decide who wins
’ 1

Transmitting information — information coding

in general

Information source

encoding

Transmission channel

decoding

Information reciever
destination

an example

)
é‘ Which side is up?

10

encoding | Sides : Head or Tail
into Numbers: 1,0

Speech, waves in the air, sms

decoding | 1,0 — head, tail

10

%& Decide who wins
» 1

Transmitting information — information coding

in general

Information source

encoding

Transmission channel

decoding

Information reciever
destination

an example
Which side is up?

Sides : Head or Tail
encoding | into Numbers:
1,0

Speech, waves in the air, sms

decoding | 1,0 — head, tail

Decide who wins




Transmitting information — digital coding

Transmitting information — digital coding

Number Digital code How many bits we need?
1 1
0 0 Bit: binary digit
Oor1
e ——\\
- =) 1 001
- ") 2 010
@ ] 3 011
o 0 = 4 100
@
N ER 5 101
. ’”
: Y e 6 110
2-base numbers: example: 1015 = 1*22+0*2'+1*2° = 5,4
bit = ,binary digit”
Transmitting information — digital coding Transmitting information — coding efficiency
How many bits we need? Event Number Digital code Bits needed Event Number Digital code Bits needed  Maximum number of events
1 1 1 1
- . 1 1 2
Bit: binary digit 0 0 0 0
Oor1
1 001 ] 1 001
2 010 =) 2 010
3 011 3 ) 3 011 3 8
4 100 e 4 100
5 101 B 5 101
6 110 | 6 110 Here we only have 6 events,
T but could encode 8 in 3 bits!
7 111
0 000




Transmitting information — coding efficiency

Event Number Digital code Bits needed Maximum number of events

001
010
011 3 8
100
101

110 Here we only have 6 events,
but could encode 8 in 3 bits!

OO WON -~

111
000

[@ RN

A better encoding:

{X X _X_} group 3 events together

1 2 3
Classic coding
3x3 bits = 9 bits

Transmitting information — coding efficiency

Event Number Digital code Bits needed Maximum number of events
a 1 001
5 2 010
& 3 011 3 8
o 4 100
B 5 101
[+ 6 110 Here we only have 6 events,
- but could encode 8 in 3 bits!
7 111
0 000

A better encoding:

{X1X2X3} group 3 events together : number of possibilities = 6° = 216
Classic coding 256 = 28
3x3 bits = 9 bits —_— It is possible to encode 3 events in 8 bits
1 bit less!

Transmitting information — information content

Information content = how many bits do we minimally need to encode

(This also gives the encoding efficiency limit)

Transmitting information — information content

Information content = how many bits do we minimally need to encode

(This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-1 have tossed a dime. Head or Tail?
-It is light traffic this morning
-It will rain tomorrow.

-1 have won the lottery!




Transmitting information — information content

Information content = how many bits do we minimally need to encode

(This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-I have tossed a dime. Head or Tail? 5}2

-It is light traffic this morning Ya

-It will rain tomorrow. 1%

-I have won the lottery! 1/13,983,816

V2
Y
99%

0.999....

Transmitting information — information content

Information content = how many bits do we minimally need to encode

(This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-l have tossed a dime. Head or Tail?

-It is light traffic this morning

-It will rain tomorrow.

-1 have won the lottery!

p
V2
Ya
1%

1/13,983,816

Ya
%

99%

0.999....

No idea

Probably
no win

Transmitting information — information content

Information content = how many bits do we minimally need to encode

(This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-I have tossed a dime. Head or Tail? E}z

-It is light traffic this morning Ya

-It will rain tomorrow. 1%

-1 have won the lottery! 1/13,983,816

9/2 No idea
%

99%

0.999.... Probably
no win

Gained information is inverse proportional to the probability (p)

Transmitting information — measure of information

Fair Pi

] 16
| 16
] e
= ERE
] e

o] 1/6
Loaded P

1/2
1/4
1/8
1/16
1/32
1/32

0,17
0,17
0,17
0,17
0,17
0,17

0,5
0,25
0,13
0,06
0,03
0,03

probability code example  bits needed

000
001
010
011
100
101

W W WwWwWw ww

Expected number of bits needed:

p*(number of bits needed)

0,5
0,5
0,5
0,5
0,5
0,5

3

We can encode more efficiently here:

0
10
110
1110
11110
11111

g g~ ON -

Expected number of bits needed:

0,5
0,5
0,38
0,25
0,16
0,16

1,94




Transmitting information — measure of information

Fair P probability ~ code example  bits needed  p*(number of bits needed)
a 1/6 0,17 000 3 0,5
. | 1/6 0,17 001 3 0,5
] 16 0,17 010 3 05 Herewe doNOT
Expect anything
] 1/6 0,17 011 3 0,5
-] 1/6 0,17 100 3 0,5 Maximal uncertainity
]  1/6 0,17 101 3 0,5
Expected number of bits needed: 3

Loaded Gained information is proportional to the number of bits needed

-] 172 0,5 0 1 0,5 Here we expect
2.7 1/4 0,25 10 2 0,5 »0One” (most probable)
ﬂ 1/8 0,13 110 3 0,38
;)] 116 006 1110 4 0.25 On average
] 132 o0 11110 5 0,16 W learn less
] 1732 o003 11111 5 0,16

Expected number of bits needed: 1,94

Here the information content is less.

Transmitting information — measure of information

How should be information content matematically specified? (shannon 1948)

1.: H should be continuous in the p, (small change in p, — small change in H)

2.: Unlikely events carry a high information content:
H should be in some way inverse proportional to p
If all the p,are equal, (p, = 1/n)

then H should be a monotonic increasing function of n.
With equally likely events there is more choice, or uncertainty, when there are more possible events.
3.: Branching Chioces:

If a choice can be broken down into two successive choices,
the original H should be the weighted sum of the individual values of H.

Transmitting information — measure of information

Shannon : define measure as: [ = p-10g2

It is also useful to calculate the information content
of a single event.

I=log, 1
p

e
|

Thus, the H=p*| is a weighted value of the information content, |
the weighting factor is the probability. This will be useful, if the | Examples:
average information content is needed. |

"log, (4) =2
'log, (8) =3

|
|
log, (2) = 1 |
|
|

Transmitting information — measure of information

Shannon H= p-logz(l) [bit]
p

If we have multiple events in the set, then it is a sum for every possible event:

1
H=Z pi-logz(;)=z —p;-log, p;

i

other log-bases:
log, (In) :[nat]

log, (Ig) :[ban]




measure of information - entropy

Dime tossing

H; / \

BITS

H=}. —p/log, p==plog, p—q-log,g=—p-log, p—(1- p)-log,(1~ p)

. ) Fair dime: p ="
measure of information - entropy

no expectations
maximal uncertainity

Dime tossing

H
arrs 6 / \

o W B i
)
-1

= =
—]

H=3. —plog, p==p-log, p—q-log,g=—p-log, p—(1- p)-log, (1~ p)

. . Fair dime: p="2
measure of information - entropy

no expectations
maximal uncertainity

Dime tossing

H has another name: Shannon-entropy ! [ \

H has a maximum when we know nothing in advance (all p-s are equal, p, = 1/n)
Expected outcomes are maximized: each state is equally probable

T

Physical entropy (S) has a maximum if the number of microstates is maximal.

measure of information - entropy

Dime tossing

H
BITS

H has another name: Shannon-entropy ! :i/ \

»
H vanishes ONLY if we are absolutely certain of the outcome: p=0 or p=1

I

Physical entropy (S) vanishes ONLY if there is exactly 1 microstate
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Examples of usage in medicine B8] SE2
Bayes-theorem based methods: ‘é”-a [ EHE—

Calculus example: onll ~~—"EcHo-

The amount of information gained by performing
In a given desease the same symptomes can be caused by three different bacteria, a diagnostic test can be quantified by calculating
for which the relative frequency of occurance is A=0.002, B=0.35, C=0.648. the relative entropy between the posttest and

0 010203040506070809 1
Pretest Probability

pretest probability distributions

Calculate the information content of the occurances of the different types of bacteria!

How many bits do we minimally need to encode the diagnoses? Application: a; pretest probability

What is the information entropy? - Diagnostic tests b: post test probability
- expert systems '

1 1 1 1 :
14—10gz(z —8-966311(113—10gz(ﬁ)—1-514and1c—1082(7c)—0-626 1210:%2(;) Dbt = S by log.(b/a)
=1
H=P %I + Py I+ Pox1.=0.018+0.53+040=0.948  [=Y p-log,| - | p log, p, l
i i i Pretest Test Operating Posttest
F C Test Probability Informaton
Testing Situation of Disease SenstntySpecificity Hesult of Disease Gained
The number of needed bits equals the entropyy by definition. Breast cancer screening with mamme- 001 0.75/0.94 Positive 011 0.25 bits
graphy Megative 0.003 0.006 bite
Mammography given palpable breast oz 0.80/0 50 Positive 067 0.74 bits.
Possibly the best technical coding method requires more bits, the entropy is the theoretical minimum, mass Negative 005 013 bits
a better coding method than that is not possible. Screening for HIV with antibody test 0.001 0.99/0.998 Positive 033 2.4 bits
Negatrve 0.00001 0.001 bits.
Presence of onsllar exudate in diag- 0 0.4570.84 Positive 024 0.1 bats
nosing miection with group A streplo- Megate o7 0.01 bats
coca
P ; Colon cancer s fecal occult 0.005 0.40/0.90 Positive 0.02 0.02 bits
N.B.: P = relative frequency bb‘;‘:’c‘:“;:'g““‘““"ﬂ by fecal oce ! Neaative 0.005 00008 bits
Examples of usage in medicine

Gene technology,sequencing

Gene interactions Databases store information:

Databases are used for:
storage, structuring and extraction of information gathered previously.

Gene and function identification
Proteome mapping

Systems biology

Information theory methods in a recent publication
(eg. : G. Alterovitz, M. Xiang, M. Mohan, et al., Nucleic Acids Res, 2006.)




Databases

Databases store information:

Databases are used for:
storage, structuring and
extraction of information
gathered previously.

It is hard to extract or modify
information stored on

paper

FOSTER CITY EYE CARE - OPTOMETRIC CENTER
PATIENT HISTORY QUESTIONNAIRE

Last name Finst name MrO Mol MisO Med

Address — — .

Telephone (W) H} @

SN = = Dute of Birth Age

Ocmupaon T CompwerHosnPeDy__ T

[?

concy Telephone 0.

T — T

Hobbier or Spona

Frimary reason for wday's caam

MEDICAL INFORMATION

Wht i your gencral health:

De you have any problems with any of these syrems? (please cirele all thar apply) Eyes N
Gastrolntestnal YN HNervous YN Megtal YN
Ear/Nosel Thoout YN Genitourimary YN Endocrine (glands) YN
Cardiovascular ¥ Musculoskelesal YN Blood/lymph YN
Reipisamony ¥ Iategumentary fskin) YN Allergicfimmunologic  ¥/N

Pregnant of aurdng ~ ¥YIN

Dhate of diagnosis
i
VIN
YN
Ovher sabssancely)?
vissr
blood pressure Y/ Relation Macular degeneracion YN Relation
Di ¥IN Reliion ; N Relan
Ocher eye condminnis) VTN Whar kind? FRehation
PERSONAL EYE INFORMATION
Have you had an eye operasion? ¥/N Type Dute
Hive you Ead an qpenjur? _ ¥IN Kod Date
De yeu icnma? N Cammay' VN Dy ged WN Blarred visoa! VIN
Other eye ; g

YIN__ What land?
b you weas : ¥iN Conrses lenses? VIR
Addizional informauan — Are you intesested in new conmer lenses? YN

Who may we dank for g ot

Doctod's initials

Databases — storing information

e Bl e et Rt Do Qe OOsind e tew Y
n-E20= BOS Pm K o - @i dy A2BAE9 9
B ane @ ¥ B/UE=zam Ax VLl e D-R-A-,
ax = fi B [remsed
] T 3 1 ] T T T r T [ T ] T [ T F] —=&
i Neme T one _Insurance is _ Physician Room Bed
Sam Small

Instead of paper, one could start typing the data into a spreadsheet
(Excel, OpenOffice, etc)

o ] |s]u

:;!.
=]
::J.
=l
=
[=]
:h-
|
=
2
:z.‘-
5
IEX
Sheat(Soents [t ) LS 1
b /JESLTE -8 -=-W-F-%- mE v,
T oemn e s &) @ wm

Databases — storing information

Fle Edit View Insert Format Tools Data OCoStat Window Help

T2 (2 BER YE XKEH-¢ D-C - @NL by HeaEQ @,
P [ad vi[o ¥ B 7 U == % Wi e=es O0-2-4A-
KE=T
A [ 5 [ c [ o [ E [ F [ —
3 Name Telephone Insurance Diagnosis Physician Room Bed
2| Sam Small (763) 865 345 Medicaid Influenza Dr. Barkins 37 2
s | Sara Goldmann (691) 579 467 Medicare Ascites Dr. Magenheim 21 1
I Dan Trideman (691) 556 322 Medicaid Malaria Dr. Haydens 17 2
5 Bill Hardy (691) 654 321 Medicare Diabetes Dr. Haydens 43 1
s | Bob Mindy (691) 143613  Tricare  Not yet known  Dr. Barkins 33 1
|7 | Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3
H Kim Suhan  (691)379788  Tricare  Pneumonia  Dr. Barkins 37

Databases — storing information

m|me A = IR M OB 4 M O E X = - n»s‘dﬂuuu'u'a-'
1 v AE = |
P A l__» ] ___«c i _ o | e . | I
1 Name Telephone Insurance Diagnosis Physician Room Bed
2 Sam Small (763) 865 345 Medicaid Influenza Dr. Barkins 37 2
3 | Sara Goldmann (691) 579 467 Medicare Ascites Dr. Magenheim 21 1
4+ | DanTrideman (691)556322 Medicaid Malaria Dr. Haydens 17 2
5 Bill Hardy (691) 654 321 Medicare Diabetes Dr. Haydens 43 1
s | Bob Mindy (691) 143613  Tricare Notyetknown Dr. Barkins 33 1
7 Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3
s | (691)379788  Tricare Pneumonia Dr. Barkins ar 7|

Kim Suhan

Table : ordered set of data (information)




Databases — storing information

Databases — storing information

m|me A W N OB 4 M E X = - Jnns'ciﬂ'—'cu'a'a"
me A L w B4 M EX Omom SO M T el TEE L CECEBE nm ¥ A E = |
= S AE = . _A N I— I - [ © : ¥ [ &
: : 5 - = z - T : 1 Name Telephone Insurance Diagnosis Physician Room Bed
A Name  Telephone  Insurance  Diagnosis Physician ‘Room  Bed 2| SamSmall  (763) 865345 Medicaid Influenza Dr. Barkins 37 2
2| SamSmall (763) 865345 Medicaid Influenza Dr. Barkins 37 2 > | Sara Goldmann (691) 579 467 Medicare Ascites  Dr. Magenheim 21 1
3| Sara Goldmann (691) 579 467 Medicare Ascites  Dr. Magenheim 21 1 _+ | DanTrideman (691)556 322 Medicaid Malaria Dr. Haydens 17 2
+| DanTrideman (691)556322 Medicaid  Malaria  Dr. Haydens 17 2 s| BilHardy  (691)654 321  Medicare | Diabetes | Dr. Haydens 43 I
.| BilHardy  (691)654321 Medicare  Diabetes  Dr. Haydens 43 1 |ef BobMindy |(691)143613] Tricare |Not yetknown SRS 33 !
¢! BobMindy (691)143613 Tricare Notyetknown Dr. Barkins 33 1 7| YoHim (691) 244 567  Medicare Colitis  Dr. Magenheim 27 3
== Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3 '+ | Kim Suhan (691) 379788  Tricare Pneumonia Dr. Barkins a7 1
s | KimSuhan (691)379788  Tricare Pneumonia Dr. Barkins 37 1
Record : Infprmation grouped together Column: data type
(one ROW in a Table)
Each row is a selected set of data
Every row has the same structure
Databases — manipulating information Databases — manipulating information
Sorting data
Fle Edit View Insert Format Tools el OOoStat Window Help Rt o T (S et S N e
LI CF D @8N By HOEEQ @, zos @ AE =]
5@ El==E &% ¥ %3 ‘;L O-&-4- = A [ 5 o E F :
: ol i = e — = Name Telephone Insurance Diagnosis Physician Room Bed
o | Sam Small (763) 865 345| Medicaid Influenza Dr. Barkins 37 2
iy, - - = Dan Trideman (691) 556 322| Medicaid Malaria Dr. Haydens 17 2
Name p—— L Bl Physician Room Bed Bil Hardy  (691)654 321| Medicare = Diabetes  Dr. Haydens 43 1
e R L i 2 Sara Goldmann (691)579467| Medicare = Ascites  Dr. Magenheim 21 1
Da;: Tr? de“r'r'g:‘“ e | M ed:?::: Msa‘l"a: Br :ge;‘e‘nefsm i ) Yo Him (691) 244 567 | Medicare Colitis  Dr. Magenheim 27 3
Bill Hard Datagiot Medi Diabet D : H yd 43 1 Bob Mindy (691) 143 613| Tricare |Not yetknown  Dr. Barkins 33 1
B;b I\:i’m}'y F— Tﬂc";fe'e Not '}?eti::wn E;} Ba;’rkﬁ";s 3 ] Kim Suhan  (691)379788| Tricare = Pneumonia  Dr. Barkins 37 1
Yo Him (6913 244 567 Medicare Colitis Dr. Magenheim 27 3
Kim Suhan (691) 379 788  Tricare Pneumonia Dr. Barkins 37 1




Databases — retrieving information

Databases — problems with simple methods

fle [t Ve jroert Fgmat Toss Qets OOoSiad Eindew te

WU (R AER PE KLY D @M By AcaEA O,
R v w BJfU Exam AxVud e 0-2-A-
i M= " " "/ gy e
F Name | Tephons | Tnsivancs | Diwgnoss | Phys Bed
File View Insert Format Tools Data OOoStat Window Help | Sam Small (763)865345 Medicaid Influenza Dr. Barkins 2
: Undo: Sort crl+z 15 e By B - c@ - a2 ([ + | DanTrideman (691) 556 322 Medicaid Malaria Dr. Haydens = 17 2
O e o PRI DG IS Elv ppiN < BilHardy (691)654321 Medicare Diabetes Dr. Haydens 43 1
B e | M BIU === Bx¥LMeE 0-2 A : | Sara Goldmann (691)579467 Medicare  Ascites  Dr. Mag 21 1
o - . Yo Him (691) 244 567 Medicare Colitis Dr. | 27 3
— ¥ o o - I = ‘ . - - ‘ | BobMindy (691)143613 Tricare Notyetknown Dr. Barkins 33 1
I A _ _ . : :
71 - Z:': Telephone  Insurance = Diagnosis Physician Room Bed = KimSuhan _|(691)379768 Tricars | Pneumonia | Dr. Barkins § 37 v
| 2| ;mwa‘m coissney | 103) 865 345 Medicaid Influenza Dr. Barkins 37 2 5-_ =
Kl Select al cri+a [691) 556 322  Medicaid Malaria Dr. Haydens 17 2
|4 changes ,1691) 654 321 Medicare Diabetes Dr. Haydens 43 1
s Compare Document... 691) 579 467 Medicare Ascites Dr. Magenheim 21 1
| o Mt Medicare Colitis Dr. Magenheim 27 3
[ 7| = eedersaroot.. 691) 143613  Tricare Notyetknown Dr. Barkins 33 1 Records do not have the same size
s| O '1691) 379 788  Tricare Pneumonia Dr. Barkins 37 1
— 3 Delete Contents... Delete
2] Delete Cels... Cirl+ Waste of space
Adding new data types tedious
Inconsistency : is a field empty by error?
Databases — problems with simple methods Databases — SQL
Information Retrieval P, BANENDALE, Edior
A Relational Model of Data for T satim view cr i) of s desbd o
i i ey el e
. -nmmmmuh-—uuamm
it L= B - LY Y e M E R v v WO AR ST R T W A W g E. ¥, Coop
B [vm v w ¥ B/fU mE=zam AxVuM e O-2-A- Sl il Nmmw%ﬂw;mm“‘mm
cm - f.:-j Fifure waens of large defa basks must be profected from wﬂumd:n_muhr -

. AL R — 3 S| ) el e o Lis e Reviag 0 Incer how the et b orgasiied b the meadhing s A farther advantag of b relutioaal view is that it
| hare T Insurance  Diagnosis Physician  Medicati Room Bed R vy e & fosa il bt e it S
2 Sam Small (763) 865 345 Medicaid Influenza Dr. Barkins Aspiryn 37 2 e ey s remsin 3 The et work el . the ot bl o spawncd o
.| DanTrideman (691)556322 Medicaid  Malaria  Dr. Haydens Halofantrine 17 2 s et L S I S
| BilHardy  (691)654321 Medicare  Diabetes  Dr.Haydens Insulin 43 1 tied 3 ok of onge sy, apdte, 58 o2 il the el ven el e et
:  SaraGoldmann (691)579467 Medicare Ascites  Dr. Magenheim Triamterene spironolactone 21 1 e e e e s e /ANty Kk L Rl s i
< YoHim  (691)244567 Medicare  Colitis  Dr. Magenheim sulfasalazine 27 3 ke oty Ak sl o L e e et
7 Bob Mindy  (691) 143613  Tricare  Not yet known Barki 33 1 :_m::::::wnm:n;:: itad in various parts ef this papsr. Implessntations of
s | KimSuhan (691)379788 Tricare  Pneumonia Aspiryn Augmentin 37 1 o Rhlaicooes S B I Eeht SR i, T A TG e S S

Entering the same data multiple times:

Typos
Redundancy
Later change almost impossible — too many items

Wies 0o Fwbitionn [athvtr thos inference] are dhomed
ond oppliad s e problams of redundancy ond sominnsy
it 'y mosdel.
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Cuspationt
Databases e o2
Inpatient PR Eatient Humber || #ReturnsExpactad
Rastum Date
PH [ :wﬂm Rt Comnent z
Date Admitied - Enami
o e e PKFK2 | PhysiclaniD
Expocted Discharge Date Insurance Number
FK1 | Physician admtiod by Insueance Provider
Bud Number FR1 Location Hate
s ity — Address
Phone LU= ol
Total Balance m”‘ﬂ"_'m
Inpatient Ci
FK2,FK3 | Inpai u Pl | Location
PK | Beds 1 I
Rioom Ext 2
Room type PK | ZipiD
FK1 |IniD — Employes
A J
Lecatien ®ra |cio PK_|CmolovesiD
Traatment PK | LocationlD Lrame
< Franm
PHFKY | Treatment codi FH1 | 500 Daty hired
= = FK2 |ZipiD > S Job type
Treatmart rame &~ PK | SUD Fit | Loceton
Traatmant Cost ! :ﬂorm
State Conl-Skil-Class
FKZ | Depthic
MHem
PKFK2 [ltame 2] P | Cmexiic
It Corst 2:;1"‘”’
Item gescripbon » seation ek
e Vendece | FK1 g Manager
FK1 VendoriD
Yy k. 4
TroatmoniRe ItemRec
PK | TRecoras. PR |\Becaras
Traatmant Cods Rl
FK1 | Pationt Number Cruanity
Physician Treated By Date
Date Time
Time IamPrice
Rasuits FK1 | Patient Numbar




