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The Cogent Enviror

The Cogent Environment  Principal Features

Data Visualization
Miodel Tonting Model Testing

Cogent: Principal Features Visual Programming in Cogent
-~ K
. File Edt Run Help.. Done o a| &l o[ e |m]
Cogent offers the following features: Hame: [Subtaction on anaiogue paper Type: Box/Compound/Generic
@ a visual programming environment; Brief Description: [ version of the Young & O'Shea subtraction model, using an analogue buffer as the paper
o research program management tools; oagam | escipio | et | s W Woseages |
@ a range of standard functional components; o pfoduction sys
Wemory Inferpreter
@ an expressive rule-based modeling language and

implementation system;

automated data visualization tools; J’

. . wovkmq Exe(u(e
@ a powerful model testing environment. Memory A<Uon
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The Cogent Environment  Principal Features The Cogent Endronment | Principal Features
Data Visualization ta Visualization
Model Testing ting

Miodel T

Research Program Management Standard Functional Compo

nts

‘COGENT Research Programme Manager SIS
le_Proferences.._Whats New.. _bout.. Help_Quic
Projeca Cumeat Projct
e s i Inception date: Sun 11 162600 1995
il . . .
s iy [BREERRR] @ A library of components is supplied
Contentionscheduling Decsipton
iy New Root | Sealing e memory buffers;
B P — o rule-based processes;
alyis Hon: Goals Rddon han . -
IDM2 Aseoc_Positive _— "&Subgoais Rule Firing o simple connectionist networks;
DMz Assoc_Unbiased. /Mﬂ’tlon i i
:g:g{:x,u“ba»dm ntensive ® o data input/output devices.
y— Addition: PB
IDMEJAph:mnanI)yﬂ i ( ity @ Components can be configured for different applications.
s ntensive
v
ToL S —
pavy suiima S < oiion
Trecbutier (Young & O'Shea) analogus paper conflict resorut]
2
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The Cogent Enviror Principal Featur The Cogent Envi Princpa Featue
Dats Visualization a Visualization
\ Viodel Toming

Data Visualization Tools: Tables Data Visualization Tools: Graphs

. Table: SunJun 41
Edit Run Help.. Done

Flle Edt Run_Help.. Done

Type: = | Bareuterrapn

Tyre: - ovmutartate

Brio Description: [lusvaive graph of ccuracy data over four iocks

Brief Descripton: [ilusirative table of accuracy data over four biocks Il Cortents | Descrption | Properties | Curent Conterts Curent Graph | iassagas

Iniial Contents | Descripton | Fropetties | Current Contents  Curent Table ] Messages | Current Graph (ET; S1; BI; T1; C0):
Current Table (E1; S1; B1; T1; CO):

- Accuracy as a function of block
c Block A 80 ~
3 g ~
° 1 2 3 4 < e
9 dense e8 65 3 64 L a0
t[Csparse a0 50 62 7a y 20
o
n /) 0 10 20 30 40 5.0
Block
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The Cogent Environment  Principal Features.

Data Visualizatio
Model Testing

The Cogent Environment | Principal Features

Data Visualization Tools: Pictures

The Model Testing Environment

Mon Apr 1011

File Edit Run Help.. Done

Nam

[Current state

Type: - | BoxfBufterfanalogue

et Description: [Anaiogus bufer represeristion of e ToF site

@ Visualization tools are dynamically updated;
o facilities are included to trace inter-component
inftial Corterts | Description | Properties | Curent Corterts| Cument mage [ Messages | o)
communication;
Current Image (E1; S1; B1; T1; €22):

o a flexible “scripting” environment allows:
@ models to be run over multiple blocks of trials;
o multiple “subjects” to be run over multiple blocks
e automated parameter varying “meta-experiments”
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Overview Overiow
Synta
Unification

Rule-Based Modeling Language Rule-Based Modeling Language

& Match Productior
File Edi Run Help.. Done
Processes may contain rules such as:

Name: [Maich Productions
IF minuend (X) is in Working Memory i Doscrpton[Update mach memory on qulescence wih al producton macthes
subtrahend (X) is in Working Memory

Rules & Contton Defintions | Descipton | Properte | Messages |
THEN add equal (minuend, subtrahend) to Working Memory
send difference(0) to Write Answer

Type: = sopraces

TRIGGER: system_quiesce

IF: rule(R, C, A) is in Production Memory
match_conditions_in_wm(C, M
. . THEN: add rule(R, C, A, Matches) to Match Memory
Cogent's representation language is based on Prolog

Rule 1 (unrefracted): Add new matching productions to match memory

Condition Definition: match_conditons_in_wr/2 Match the LS of o producton
. match_conditions_.in_wm(@
We will use teletype for terms and boldface for buffers

match_conditions_i o wm([Hm [HiMatches)) =
His in Working M

ory
atch_conditions. - wn(r, Matehes)

/
W | w0
ol o e

Summarise

=20
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Modeling Language Modeling Language
U Unification

Basic Syntax Unification

Cogent's representational unit is the term. Terms include
o Numbers: reals or integers. Ex: 6, 6.0. The power of Cogent’s representational system comes from

. . - . ifyil indi iabl | hi iables).
o Atoms: any string of letters, digits, or ' beginning with a unifying terms, binding variables to values (or to other variabl es)

lower-case letter. Ex: apple, b0, myName, response_count. IF word (Word) is in Stimuli

@ Variables: any string of letters, digits, or "' beginning with an the current cycle is Cycle
upper-case letter or ‘_". Ex: Apple, BO, MyName, _count. THEN send memorize (Word) to Subject
o Lists: for representing sequences; consist of comma-separated delete word(Word) from Stimuli
terms. Ex: [a, b, c], [X], 1. add presented(Word, Cycle) to Stimuli

Compound terms: for representing structured information;
consist of a functor and arguments. Ex: word(apple),
date(6, jan).
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Free Recall
i i
Unifiation Example Task =

Rules of Unification

The Task: Free Recall

@ Variables match anything.

@ Compound terms must have matching functors and arity. Classical experiment on word learning:

@ Lists must have matching lengths. @ on each trial, the subject is presented with a list of 25 words;
@ the subject is told to try to memorize the words;
Terms Unifies as Bindings o after an interval, the subject must recall as many words as
X, word(Word) word(Word) X — word(Word) ossible
£(a,B,0), £(X,Y,2) £(a,B,c) X —a, Y B, Z—c P g
10, gla) fails

£([a,B], 1), £([B,B],B) fails
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Free Recall
The
Example Task Long Term Store

Example Task y. Time, and Rehearsal

The Modal Model: Top Level

. and Rehearsal

B
File Edt_View Run_Help B <
Name: [Buting subjct mode! Type: Bc/Compound/Generic

et Doscrption: [ oo o7 e recal g STS and 75

Jia] &) )
I [T
N = e coreo
s g | ot G vesses |
cument G (151 1 T0; o Lom Descpton

it s

TEAE IS AT B S R —[—[COICIIC IO
T
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call
lodal Model
rm St

Tin

Example Task

The Modal Model: Subject

and Rehearsal Example Task

Fle Edt View Run_Help. Done

Fi View Run_Help. =1
Yoo st o pr——

Brif Descrption: [Subjec ol o mosal ods!

=

ame: [Tt Evvrommert Type: - | BerConpound/Geneic

Brie Descripion: [Expermerter modute i simal randomisabon

Oescrpion. vsgan | Frapertes | essage i esages |
.
(o),
-
—— - T
~ i Collate
) Ey - (T —

%

Cusripion O | oot assag ki asages |

.

(ot
e e ) ) ) ) O [ O
: L - ] e [ ) ) ) 0 ) |
5 7 o
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Example Task

Long Term Store
Example Task | o

y. Time, and Rehearsal

The Modal Model: Stimuli The Modal Model: Editing stimuli

Pl Ed View Run el Oone

Fie Ed view Run el Done

e [ovnn Hame: [ormor Ty <] BBt Progostonsl
ot Descrpton: [t 7 o oz et Desrption [ 7 v

Oescipion [ Corer] | | | I | Descipion [l Coter I | | I |
Element: Notiing 3 Element: Nothing [
ey iy

Element oehing —

it

e
wordahit)
Element: Nothing
wardlred

tloment: Subobject Edttor: tem 5 of Stmunl | [8]x]
Eloment: tothing Elom e onns Loway | oone |
word(green) wardiiman Butfer element:
Elomont oting Element noing T ——
ordmang Vardmaune
Element otting Element noing
s ' wirdgursie 1
oun | | 2 ous | pemen | Lo | @ | s [commend
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cll
odal Model
Example Task s

Decay, Time, and Rehearsal Example Task

The Modal Model: Stimuli properties

Fla_Ed\ View Aun Hep. Done Fle_Edt_View Run_Hol.

ame: [ Tyve: | bodmutespropostons! ame: [T Envrarrert

e Doscrpion: [ oo o memares

: ) s D]

Brie Descripion: [Expermerter modute i simal randomisabon

I || Sesipon O | roperes Wessog it esssgs |
= has_Est_peien_rrewze_Tom
e Eo o Dvvey o =] oo R o
. N R —
i — case 7 Sl ar— X
Grounded. Access._Random | Duplicates ™~
~~—— T -
- . ~
Sutput Collate

]
(’ Trial by

] e [ ) ) ) 0 ) |

5 7 o
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Example Task

Example Task

y. Time, and Rehearsal

The Modal Model: Messages

Type: | mowrocess
i Descripion: [Frscets ol e

[>[>[u]
= y»m‘— “Tyftep o cyciess

it Descrpton: Prevats i vt
RRp e & Condin Deinons opres s |

Ossrtton| s . Conatan otons[Fopts e |
Message Log (E1; S1; B1; T1; C1): prnt | Page: [1 ()
O T T
s : oS 2 S i
o Corent il 3 Simal Javodo )
THEN: Sons e toSulec modat o proce:
s werdo, o A
S5 roantedek & to Simul

a2 Gafractod Trigaor el when e o s
ot ward 1+ in St
Then S el 1 S modeh o

Fle Gt view fun hep. Do

s 15 7

rer [

Onsrgon| e & Conanon ttons [ Fopetes
Wossago og (e1; 51

[ | oo e

»

STG ot memaR e
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Example Task

Building the Short Term Store

Time, and Rehearsal

Example Task

Building the Short Term Store

Flo_ e viw Aun Hop. Do

Double-click new buffer to name it and edit properties. STS has
Limited Capacity of 7:
Mame: [Sobjectmode  Type J Bow/Canpound/Subject
B Description: [Subject o of ozl ol

ssrion Ovsen | oot ssags et s |

Edt_ View Run Hop. Done

Brief Description: [Shor e memory]

—ED

Osscrton sl Corterts | | | |
Properies: At9_est_ooite_Frosze
e, EamTia 1| acay: tome Decay Con
fe— Capaety |— onExcass Ranson
Guoundea: 1 Access: Randan Duptcats: 1
] ) ) ) ) ) s
= 5
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Free Recall
The Modal Model
L rm Store

D, ime, and Rehearsa

Example Task

Building the Short Term Store

Open 1/0 Process and add an If...Then... rule:

/0 proce:

Fie_Edt view Pun_Hop. bone

Name: [ Frocese Type: | Bodrocess
tions [rcvoses ;

Osscpion e & Coravon Demond)| Propetes | esages |

Rule 1 (rofractod; rule

W T
THEN: D Kothing

| o PR |

Example Task

Building the Short Term Store

L
Decay, Time, and Rehearsal

The rule to transfer words to STS:

m L o7 1/0 Process”

comment: [romn e Appiy | Done
e s sigered? iRl s rofacted? _iFule e ance parcycls?

igstng paten: [remareeC )

Concitions: a0 Canciton

setons: a0 pcton
I —
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Free Recall
The Modal Model
Long Term Store

Example Task  pecay, Time, and Rehearsal

Building the Short Term Store

Double-click rule to edit:

0 Subobject Edltor: item L o7 110 Process" =EX|
mment: [Foavoenes sy | _oone

o s viggores? i s roractn _iFue s onca par cycte?

Tiagain pato: [ramoree vore] 14
Conttons: st Conton

petions
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Free Recall
The Modal Model
Long Term Store
Example Task  Docay, Time, and Rehearsal

Building the Short Term Store

Add a read arrow from 1/0 Process to STS:

Fle_Eot_view fun_wap. oo

== SonComeunusbect

it Descripto

Troie oo o

bescrgton [Eragiar]| ropertes | Message Matns | essages |

s ) ) ) [ s |
;

o ArcvrReai]
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Free Recall Free Recall
The Modal Model The Modal Model

Example Task

Building the Short Term Store

Example Task

Building the Short Term Store

Lon
Decay

0 Subobiect Edtor itam 2 of /0 Process
Y i on 5 Flo G view fun_Hep. Done
= ke s gt il s faceds e ) e [Ouut en
Tiggnngpat T et vespon: g el s
conatons: dd Condion Orscrpton| Prapetes | sute CurensGrap | essages

s g (6151 1 725 2y e
R e o = v Lem |

i
i

s
petons: s s
T — e f

[ -

Sral ositon
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Free Recall
The Modal Model
Example Task

Example Task . and Rehearsal

Building the Short Term Store Adding the Long T

rm Store

. Th dal model also includes:
@ What causes the recency effect? If we changed the properties ¢ modal modef also includes
of STS, could we change the shape of the graph?
@ Watch the Messages view of Input/Output. What happens
there now when you run (or single-step) through a trial?

@ a long term store (LTS);
@ a rehearsal process to transfer information from STS to LTS;
o the possibility to recall from either STS or LTS.
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Free Recall —_—
The Modal Model
Evamplo Tosk | Lone Tem Store

The Modal Model
cay, Time, and Rehearsal

Adding the Long Term Store Adding the Long Term Store

The rehearsal rule:

“Type: - | BoConpounasubjest Comment: [Fehearss from ST5 1 L5 sy | Done |
Bret Doscription: S ctmods o nocalnodsl. iR s tiggerea? Rl s rotactoa? Rl s onca por cycio?
Dasetpton_ Disgrn | prcportas Massage at Massages Tggoring paters

Conatons: _u conaton |
- T
sEIr 0 |
e s
] e [ ) ) ) ) s |
= 5 5
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Free Recall
The Modal Model
Example Tage  Long Term Store

-

Decay, Time, and Rehearsal

Adding the Long Term Store

Time, and Rehearsal

Term Store

To recall from either STS or LTS, we define a new condition by
clicking the £(X) :- g(X) button and editing the definition:

Fio s view Fun_tiap
e [ 13 Focess

e o e

i Descrpton: [Accesses e merory procesees

Comments [Feca rom STS ar L6

Osscipton [ & Comdion mtond] eoparas | essages |
aopy | oone Rule 1 (unrefracted):add vords 0 75 [
Looy| ome] [ e
mnewn e weorsus[ 3 amcaus e
[l ) g Yoo o to57s

e ([
K Rule 2 (unrefracted: kel from 575 or LTS

e iin TS TRIGCER: recall

el

o rean [ - THEN: Sond Wors o Task Environmentollae responses

I —

Rule 3 (unrefracted): Stop rehearsal on recoll
TRIGGER rcall

T
THEN:send sto to Rehearsal

Condition Definition: rocall1:Recal from 575 or LTS,

@ Read :- as

: recall(Word) is true if Word is in STS.
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Example Task 5 g Example Task

Adding the Long Term Store Adding the Long Term Store

The current output (left) still doesn’t match the output from the
intro (right). What is different? Why?

o What causes the Primacy Effect? LOCCERAnARD Iddel 8l islaelel
@ Monitor the Messages view of the /O Process. Why does the = =
model sometimes recall the same word twice in the same trial? . e
Sharon Goldwater | Cognitive Modeling a1 Sharon Goldwater | Cognitive Modeling 2

Example Task

Decay, Time, and Rehearsal Decay, Time, and Rehearsal

The serial recall rule:

E B
Commont [T recat o oone
o Add decay to LTS. Explore different decay rates. ;;’:‘f‘:‘:jﬁ:“{m Rl s e e
o Change the rehearsal rate by adding another copy of the Conditons: Add Condion |
rehearsal rule. frecat (s )

@ All memorized words are currently recalled in parallel. Make
the recall process serial.

Actons i Acion
" sond ecateatwoy B /e —
R
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odal Model y
Long T

Example Task  pocay, Time, and Rehearsal

Example Task

L
Decay, Time, and Rehearsal

Decay, Time, and Rehearsal References

o Explore the effect of the Access property of each buffer. Play
with these (and other) parameters to see how they affect the
model’s behavior.

@ The Experimenter system is written using standard Cogent.
Try to discover how it works.

@ Go on to develop the model into something substantial.

Sharon Goldwater | Cognitive Modeling 45 Sharon Goldwater | Cognitive Modeling 46



