Ab out the IND T ree P ac k age

∗

W ra y Bun tine, RIA CS

NASA Ames Researc h Cen ter

Mail Stop 269-2

Moffet Field, CA 94035

Septem b er 29, 1991

Abstract

This note in tro duces the IND T ree P ac k age to prosp ectiv e pro curers and those

users/installers lo oking at IND for the first time. IND do es sup ervised learning using

classification trees. IND in tegrates features from Breiman et al. ’s CAR T and Quinlan’s

C4 with new er Ba y esian and minim um enco ding metho ds for gro wing classification

trees, and pro vides an exp erimen tal con trol suite on top. The pac k age comes with

a man ual, “man” en tries, and a guide to tree metho ds and researc h. Information

ab out obtaining IND, p erformance statistics, do cumen tation, authorship, cop yrigh t,

installation, etc., are giv en. IND is researc h soft w are still under dev elopmen t, although

it has b een used considerably since late 1989. IND is implemen ted in C under UNIX.

What is a classification tree?

Sup ervised learning (rule induction, discrimination, learning of classification rules from data,

etc.) is a task that is ubiquitous in artificial in telligence, applied statistics and pattern

recognition. In mac hine learning it is used as an aid to kno wledge acquisition.

W e t ypically ha v e an exp ert who is sufficien tly kno wledgeable to form ulate the problem

for us and is in p ossession of a tr aining set , a set of examples eac h b elonging to one of a small

discrete set of m utually exclusiv e and exhaustiv e classes . Classes migh t b e “p ositiv e” and

“negativ e”, or “diseased”, “health y” and “reco v ering”, or similar. The task is to dev elop

a classific ation rule to predict the class of further, unclassified examples. Examples are

describ ed in terms of attributes whic h ma y b e binary (“true” or “false”), m ulti-v alued or

real-v alued. The training set is usually historical data ab out the problem at hand.

The IND pac k age represen ts classification rules as de cision tr e es or class pr ob ability tr e es .

These are a general form of classification rule that mix discrete and con tin uous data and are

often suited when there is b eliev ed to b e some form of non-linear structure in the data. A

T S H > 200?

= y es

hy po

= no

pr eg nant ?

= y es

not

= no

on thy r oxine ?

= y es

not

= no

hy po

T S H > 200?

= y es

0.8,0.2

= no

pr eg nant ?

= y es

0.2,0.8

= no

on thy r oxine ?

= y es

0.1,0.9

= no

0.9,0.1

Figure 1: A decision tree and a class probabilit y tree from the th yroid application

decision tree is sho wn in the left side of Figure 1. This has the classes hy po (h yp oth yroid)

and not (not h yp oth yroid) at the lea v es. This tree is referred to as a “decision tree” b ecause

decisions ab out class mem b ership are represen ted at the leaf no des. Notice that the real

v alued attributes T S H and F T I ha v e b een incorp orated in to the tree b y making a binary

test of the form attr ibute < cut - point . Also, the tree need not b e binary; if a 4-v alued

attribute is tested at one of the no des, then the tree migh t ha v e 4 branc hes coming from the

no de, one for eac h v alue.

In t ypical problems in v olving noise, class probabilities are usually giv en at the leaf no des

instead of class decisions, forming a class pr ob ability tr e e (where eac h leaf no de has a v ector of

class probabilities). A corresp onding class probabilit y tree is giv en in the righ t of Figure 1.

The leaf no des giv e predicted probabilities for the t w o classes. Notice that this tree is a

represen tation for a conditional probabilit y distribution of class giv en information higher in

the tree.

Metho ds for learning decision trees and class probabilit y trees ha v e b een under dev elop-

men t in some form or another for some t w o decades. The standard tec hnique for building

classification trees from data is the so-called recursiv e partitioning algorithm that forms the

basis of systems suc h as Quinlan’s ID3 and C4, w ell kno w in the mac hine learning literature,

and Breiman, F riedman, Olshen and Stone’s CAR T, w ell kno wn in the applied statistics

literature.

What is IND?

IND is a suite of C programs and C shell scripts for building decision tree classifiers (i.e.

sup ervised learning). Curren tly , sev eral differen t decision tree metho ds are in tegrated (CAR T

st yle

1

, early C4 st yle, MML/MDL, and Ba y esian a v eraging), as w ell as a simple Ba y es

classifier. Exp erimen ts ha v e b een p erformed to c hec k that IND reimplemen ts CAR T and

∗

Cop yrigh t © 1991 Researc h Institute for Adv anced Computer Science

1

The regression asp ect of CAR T is not implemen ted.

the early C4 reasonably w ell. The new Ba y esian/MML/MDL features can giv e p erformance

impro v emen t o v er these in man y cases when used appropriately . IND is curren tly under

dev elopmen t.

If y ou’re in terested in applying IND to applications, w e giv e advice on whic h options to

use and ho w to tak e in to accoun t features of y our application and data when configuring

y our use of IND. If y ou’re in terested in running comparativ e trials or just exp erimen ting

with tree soft w are, IND pro vides extensiv e exp erimen tal con trol (random partitioning, cross

v alidation) and significance testing. The co de for IND is pro vided (and sometimes ev en

mo derately do cumen ted) so y ou can dev elop y our o wn extensions.

IND has a v ariet y of features including in teractiv e con trol of tree building, v ariable searc h

suc h as m ulti-ply lo ok ahead, missing v alues and subsetting, prediction of error rates, a range

of priors for the Ba y esian metho ds, prin ting options, etc., and comes with “man” en tries, a

user man ual, and a start of the art guide to tree learning researc h.

P erformance Statistics

Results are giv en in T able 1 b elo w for IND running on databases a v ailable from Univ ersit y of

California at Irvine

2

. The results sho w that the new features of IND can giv e more accurate

class probabilit y estimates for new examples (MSE column), and b etter predictions (error),

but at the cost of increased computation (timing), dep ending on the problem.

The metho d “CAR T-lik e” corresp onds to the CAR T-lik e v ersion: 10-fold cross-v alidation

with GINI index of div ersit y and the 0-SE splitting rule. The metho d “CAR T-test” is similar

but uses a test (hold-out) set instead of cross-v alidation during cost-complexit y pruning. The

metho d “C4-early” corresp onds to a v ersion lik e early C4: the use of p essimistic pruning

and the information gain splitting rule (the curren t C4.5 uses more sophisticated pruning),

and “option trees” corresp onds to the full Ba y esian metho d of smo othing and a v eraging

o v er m ultiple trees, c hoice of prior parameters suc h as “exp ected accuracy at lea v es”, and

2-ply lo ok ahead. The metho d “Ba y es trees” is with the Ba y es splitting rule and Ba y esian

smo othing. Timing results are rep orted for a single trial on a SP AR Cstation 1 with 12Mb of

memory . Error in p ercen tage is rep orted for the a v erage of 10 trials. MSE is the mean-square

error or half-Brier score whic h measures the accuracy of the class probabilit y estimates, with

smaller b eing b etter.

The high standard deviations indicate one cannot safely compare these results with sim-

ilar results app earing in the literature. Ho w ev er, in all but LED with 200, “option trees” is

more accurate in prediction than the first t w o metho ds with confidence at the 5% lev el b y

the 1-tailed paired t-test. Notice “option trees” is up to 2 orders of magnitude slo w er. This

tends to decrease as the set size increases b ecause few er trees b ecome a go o d fit to the data.

2

FTP to ics.uci.edu and lo ok in machine-learning-databases

3

The “v oting-” data has had the attribute “ph ysician-fee-freeze” deleted.

data metho d set size timing error MSE

(train + test) (train + test) ± std. dev.

LED CAR T-lik e 100 + 2900 1.3sec + 1.9sec 35.7 ± 4.0 0.57

LED C4-early 100 + 2900 0.8sec + 2.5sec 36.1 ± 4.6 0.57

LED option trees 100 + 2900 17.8sec + 101.3sec 33.8 ± 2.5 0.51

LED CAR T-lik e 200 + 2800 3.5sec + 2.6sec 32.1 ± 0.8 0.53

LED C4-early 200 + 2800 2.0sec + 2.6sec 31.7 ± 0.9 0.53

LED option trees 200 + 2800 16.6sec + 59.4sec 31.8 ± 1.3 0.48

glass

CAR T-lik e 100 + 114 4.8sec + 0.3sec 37.3 ± 4.7 0.60

glass

C4-early 100 + 114 1.5sec + 0.3sec 36.2 ± 4.3 0.59

glass

Ba y es tree 100 + 114 3.0sec + 0.3sec 35.5 ± 4.6 0.52

glass option trees 100 + 114 469.9sec + 102.1sec 31.9 ± 6.8 0.47

v oting-

3

CAR T-lik e 200 + 235 1.4sec + 0.1sec 12.3 ± 1.7 0.22

v oting-

C4-early 200 + 235 0.9sec + 0.1sec 12.9 ± 1.5 0.22

v otingoption trees 200 + 235 187.2sec + 17.9sec 10.6 ± 1.5 0.16

letter-recg.

CAR T-test 16000 + 400 267.9sec + 14.1sec 17.7 ± 0.7 0.28

letter-recg.

C4-early 16000 + 400 327.5sec + 14.4sec 13.9 ± 0.6 0.22

letter-recg.

Ba y es tree 16000 + 400 829.7sec + 29.9sec 12.8 ± 0.4 0.20

T able 1: P erformance statistics

Obtaining IND

NASA has sp ecific requiremen ts on distribution of soft w are that is still under dev elopmen t.

Routine distribution is only a v ailable to industrial and academic organizations in the United

States. Requests for sharing of soft w are with p oten tial foreign collab orators will b e treated

on a case-b y-case basis. Please b ear in mind that future dev elopmen ts and extensions b y us

are easier to justify to our managemen t if y ou k eep us informed of successful uses (industrial

and academic) y ou mak e of the pac k age.

A sample letter is attac hed at the bac k of this note. P oten tial foreign collab orators should

discuss access first. T o obtain the pac k age, y ou should sign then mail or F AX this to:

F AX: (415) 604 6997 (b efore No v. ’91)

F AX: (415) 604 3594 (after)

p ost: IND T ree P ac k age

C/O W ra y Bun tine

RIA CS and Co de FIA

Mail Stop 269-2

NASA Ames Researc h Cen ter

Moffett Field, CA, 94035

The pac k age will b e sen t to y ou via e-mail so y ou should send a brief e-mail request separately

to:

e-mail: ind@kronos.arc.nasa.gov

Con ten ts of the IND Directory

Scripts: v arious shell scripts for con trolling the whole thing

Statlib: library of statistical functions

T reelib: library of tree pro cessing functions

Eglib: library of example and con tingency-table pro cessing functions

Lib: library of general system utilities

T rees: tree generation, pruning and ev aluation programs

Util: data enco der, statistical summary program, and random sampler

Do c/course: details of 4-w eek, 3rd-y ear undergrad course on trees

Do c/man ual: LaT eX files for the IND user man ual

Man/manl: man en tries

Do c/Release.tex: this file

Include: include files for the man y data structures (trees, sets, ...)

Data: sample data files

Do c/man ual/cop yrigh t.troff: y es, the cop yrigh t

Compatabilit y

The system has b een dev elop ed exclusiv ely in a SUN w orkstation en vironmen t under v arious

releases of SunOS UNIX. It compiles under cc and gcc. F eedbac k on c hanges required to get

the pac k age running on other en vironmen ts are w elcome. F or the most part, use of system

calls has b een minimal so p orting to other UNIX en vironmen ts should b e quite easy .

Installation

Best thing is to flip through the man ual to learn ab out what IND can do. These instructions

are also repro duced there. The IND directory tak es ab out 2.5Mb, and the ob ject files tak e

ab out 1.5Mb when stripp ed (whic h is done automatically b y the “Mak efile”s). Here’s what

y ou do to get the system installed.

1. Chec k for mac hine compatibilit y b y lo oking at:

• Lib/quic kfit.c (top few #defines)

• Include/Lib.h (last few lines)

• Include/SET.h (at the top)

for p oten tial storage t yp e and alignmen t problems. The system has only ev er b een

compiled on SUNs so exp ect some problems on other UNIX mac hines. Some things

lik e ftime() and “struct timeb” (in random.c), and a few others are used, whic h tend

to b e UNIX v ersion dep enden t.

2. Mo dify the primary “Mak efile” to add y our ”BIN” to the file. Then run “mak e Bin”.

This will mo dify all other IND Mak efiles in the IND sub directories so that they kno w

where to place the bins.

3. Similarly , mo dify CC and CFLA GS in the primary “Mak efile” and run “mak e cc”

and/or “mak e cflags” resp ectiv ely if y ou wish to c hange the factory-set options.

4. IND will also compile a sligh tly mo dified v ersion of xgraph that requires certain X11

include files b e on y our system. Set v ariable Xinclude in ”IND/Util/xgraph/Mak efile”.

If y ou w on’t b e using this, then mo dify “IND/Mak efile” so that xgraph w on t b e made,

and nev er use the “x” option in in teractiv e mo de. Y ou probably w on t notice the loss.

5. Compile IND using “mak e install”. This will call mak e recursiv ely in the v arious

sub directories to construct the “.o” files, the “.a” libs and then go on to mak e the

programs and put them in y our “BIN”.

6. Add the “Scripts” directory to y our o wn path with ”set path = ( $path .../IND/Scripts

)”, or alternativ ely cop y the con ten ts of the “Scripts” directory to the “BIN” directory .

Run “rehash” if y ou c hanged y our path.

7. Add the “Man” directory to y our o wn MANP A TH.

8. T ry running some examples with “mak e test > & test.out”. Compare or “diff” the

output with “mak e.test.out”. If y ou are not on a SUN then there ma y b e some dif-

ferences b ecause the random n um b er generator ma y op erate differen tly due to in teger

arithmetic. There ma y also b e sligh t differences in floating p oin t.

Basic Help

The IND Man ual: “An In tro duction to IND and Recursiv e P artitioning” is the b est place

to start if y ou are unfamiliar with IND or recursiv e partitioning. (If y ou don’t ha v e a cop y

of the IND Man ual, a LaT eX v ersion of it is in the directory “IND/Do c/man ual”.) The

man ual con tains an in tro duction to IND that w alks through a few t ypical sessions, a tutorial on recursiv e partitioning, a description of IND options, and a fairly complete glossary and

bibliograph y .

The man pages con tained in “IND/Man/man1” are reasonably complete. (Man y of

the man pages should also included in the IND man ual.) Using IND will require frequen t

reference to some of the man pages so b e sure to add “IND/Man” to y our MANP A TH if

y ou don’t ha v e a prin ted cop y of the IND man ual. A go o d place to start is to lo ok at the

man en try for “attributes” (to see ho w to set up data files) and the man en try for “mktree”

(sho ws y ou ho w to run the CAR T-lik e, C4-lik e and Ba y esian v ersions of the algorithms). Use

“man -t -M IND/Man” if y ou w an t to prin t the man pages nicely using troff.

T o get things going y ou need to format data files correctly . Lo ok at man page “at-

tributes(1) and at the “.attr” and “.dta” files in the “Data” directory for examples. Then

flip though the ma jor sections in the man ual suc h as “A tour of IND” to see what options

to run.

“IND/Do c/course” con tains details of a 3 w eek graduate course on learning trees with

reading material and questions, etc.

The “Scripts” directory con tains all sorts of useful go o dies that are nicely do cumen ted

in their b eginning; these con trol all the ghastly programs underneath. If y ou’re doing com-

parativ e studies, then lo ok at the “ttest”, “truns” and “lstat” man en tries. “truns” should

b e lo cally configured b y y ou. A t the momen t its a to w er-of-bab el t yp e system. IND really

needs an X11 in terface, but ...

If y ou ha v e trouble prin ting an y of the LaT eX files, then ask for P ostscript v ersions to

b e sen t to y ou. These w eren’t included in the distribution b ecause they double the size of

the release.

Authorship

IND w as built on top of an early suite of soft w are dev elop ed at Basser Departmen t of

Computer Science at Sydney Univ ersit y b y a lineage of studen ts of Jason Catlett: Da vid

Harp er, Murra y Dean, Da vid Muller and Chris Carter, and p ossibly some others. Some

early “man” en tries and bits and pieces of the co de where also done b y Chris Carter while at

the Univ ersit y of T ec hnology , Sydney . The only programs or files that remain largely in tact

are IND/Util/sample. All others ha v e b een reco ded and restructured to a large degree,

except for the “sym b ol” structure in SYM.h and its asso ciated routines. IND also greatly

b enefited from our in teraction with Ross Quinlan.

IND w as dev elop ed b y W ra y Bun tine, while at S.O.C.S., Univ ersit y of T ec hnology Sydney

(’88-’89), T uring Institute (’89) and Strathclyde Univ ersit y in Glasgo w (’89), and co de FIA,

NASA Ames Researc h Cen ter and RIA CS (’90). More recen tly (’91), Ric h Caruana help ed

mak e the pac k age more presen table while on a summer in ternship at NASA-Ames Researc h

Cen ter.

Cop yrigh t

Cop yrigh t c ◯ 1991 Researc h Institute for Adv anced Computer Science. All righ ts reserv ed.

This soft w are comes with NO W ARRANTY of an y kind. The RIA CS Soft w are P olicy

con tains sp ecific terms and conditions on the use of this soft w are. In particular, this soft w are

ma y not b e distributed to an y other part y without explicit p ermission from RIA CS.

F uller details are giv en in “IND/Do c/man ual/cop yrigh t.troff”

T ec hnical Questions and F eedbac k on Use on IND

W e ask that y ou rep ort to ind@kronos.arc.nasa.gov an y use y ou mak e of IND, describ-

ing the application and y our analysis of the results. Please feel free to mak e suggestions

ab out desirable impro v emen ts and extensions, and p erceiv ed problem areas. W e regard suc h

feedbac k as an essen tial elemen t of the dev elopmen t pro cess. Please e-mail bug rep orts

to ind@kronos.arc.nasa.gov . W e giv e no guaran tees ab out fixes, supp ort, or question

answ ering, but w e will try to b e helpful giv en our limited resources.

Planned Extensions

Here is a list of extensions that w e w ould lik e to include in feature releases, supp ort p ending.

Most are supp orted b y researc h w e ha v e rep orted in journals and pro ceedings.

• Other learning algorithms suc h as rule learning, regression and/or bac k-propagation,

learning Ba y esian and/or Mark o v net w orks, and probabilistic v arian ts of case-based or

instance-based reasoning.

• X.11 in terface to the pac k age to repro duce the tasks of ttest , etc., with a nice p oin t

and clic k in terface, and to allo w in teractiv e learning.

• Extensions to the metho ds suc h as missing v alues, incremen tal or large batc h learning,

etc.

• Clean up the searc h con trol and in terface to the Ba y esian option trees (-J option

in tgen ), to mak e this metho d more accessible. Smarter searc hing for option trees

together with more compact summary tree to allo w an ytime searc h and to pro duce

results more readily presen table.

W arnings

Soft w are in the “IND/Ba y es” directory (the simple Ba y es classifier) has only b een marginally

tested. The full range of option com binations ha v e not b een tested and are not supp orted.

In addition, options not listed in the man en tries are not supp orted. F or those lo oking at

the co de, b ear in mind it is researc h co de and v arious features exist at differen t stages of

dev elopmen t. The option trees and -J option to tgen do esn’t ha v e an ytime searc h con trol

so can b e difficult to use.

Date

P eter F riedland

Artificial In telligence Researc h Branc h

Mail Stop 269-2

Moffett Field, CA, 94035

USA

Dear Dr. F riedland

I w ould lik e to obtain the IND soft w are pac k age.

I understand the IND soft w are pac k age is still under dev elopmen t and is therefore not a v ail-

able through NASA’s computer co de dissemination cen ter, COSMIC, so instead is a v ailable

b y NASA Managemen t Instruction 22.10.2B. T o receiv e the pac k age I therefore agree to the

follo wing conditions:

1. Use the pac k age only within the United States and not disclose it to third parties.

2. Assist NASA in the dev elopmen t of the pac k age b y rep orting problems encoun tered

with it and an y mo difications made; and

3. Place no limitations on NASA’s use of rep orted mo difications.

Also, when using the pac k age, I will credit NASA Ames’ and RIA CS’ con tribution.

I an ticipate using the co de for the follo wing (although other uses ma y b e made):

. .

. .

Sincerely ,

Name:

Title:

Compan y:

E-mail:

Address: