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Introduction

The Awvstralian Mational Genomic Information Service (ANGIS) was sel up in
1991 1o provide sequence and genomic infomation o the Australisn. molecular
hiology community, together with soltware Tor ils analysis. The service is based al
the University ol ‘a}dn-_} and is wvailable across Aostralia through the Auvstralian
Academic and Research Metwork (AARNet ). the Auvstralian branch of the Intemet

AMNGIS maintains over 40 comprehensive databases, including nucleotide and
profein sequence databases, motifl databases and genomic dutabases. The service
also provides over 300 programs Lo extract information from these databases and
analyse or manage sequence data. These programs include the complete GOG and
Staden packages, and many others. ANGIS also provides ‘ransparent” front ends
to a number of other progrums munning on other computers around the world and
accessible by electronic izl

The software available on ANGIS covers almost every aspect of compuling
applications in molecular biology, with the exception of molecular modelling. This
includes a mnge of programs for database hrowsing and similaricy l.-:mthlnﬂ
sequence ediling, |11.m|p4.||.11|c:-n analysis and comparison, resticlion mapping.
multiple  sequence lignment,  molecular phylogeny,  sequencing  project
muanagement, primer design, secondary structure pn.dlcll-:nn and genefic linkage
analysis.

AMNGIS is a LIMNIX-based service, but all the programs have been inlegrated into
user inlerfaces which do nol require a knowledge of UNIX commands, Users who
have access to VT-100 compalible terminals can access Lhe programs using a 2-
dimensional menu interface. A full graphical user interface is also available for wsers
with a fast network comnection and an X windows server. It is estimated thal
AMNGIS is used by over 2000 scientisis, therapists and students rom universities,
research institules and industry. Every working day, ANGIS accounts are accessed
by 300-400 individuals from all over Australia.

From the inceplion of AMGIS, vser support has been an important part of the
mission of the service: two out of the six slaff members are ful v dedicated 1o the
production of documentation and weaching resources, in addition o the direct user
support provided by both the head and the svslem administrator. A SUrVEY was senl
Loy AMGES users in the beginning of 1994 o determine the future directions of the
service. This survey n::-c:nl firmed that hiocomputing education was seen as being par
of the service's briel: %% of lhe respondents agreed with the ‘ﬁu"ﬂt“‘ﬁll()l‘l that
AMNGIS should provide courses on the wse of the service (195 dlhdﬂlt‘\'..‘dj and 68%
agreed that ANGIS should assist in the design of course work given al Australian
universities 1o instruct in the use of |'.III:JII'I|I:JFI'I1.1|.IL‘| (5% I:ll“\..l'-"ll‘t

The AMNGIS user supporl has therefor: been r'|..|.r_iu..|JJ!.r exlended 0 include o
number of educational activities primarily directed Al researchers whe use ANGIS,
who range from gradoate and postgradoate stodents o senior academics. In turn,
some of these researchers whe are dlso involved in leaching have passed on part of
thi= knowledge and experlise to undergraduale siudenls as componenis of
hiochemistry or genetics courses. In mosi cases, this undergraduate teaching is




based on teaching resources produced by ANGIS, which have been made available
freely in electronic form, or at cost in printed form.

Teaching Materials
The Tulvrials
The lanuary 1994 survey of ANGIS users showed that 90% of the respondents
wotld use a self-teaching practical twlorial set if it were available. This led 1o the
development of the ANGIS Tworal Book. a set of 19 self-comtained wiorials
covering the major programs available on ANGIS. These wilorials have been used in
the courses run by ANGIS, and are also suitable Tor self-leaching. They ane broughi
up o date twice yearly. o keep up with the constant -:mfulin_n in hiological
analytical soltware and the improvements in the ANGIS interface. The [ales)
editions of the tutorial book contain over 800 pages covering the following lopics:
l. Introduction o ANGIS
Mavigating around AMNGIS, access=ing on-line help.
2. File Manipulation
Listing. creating and deleting files. Using the Emacs editor.
Neiwork Resources
File transfer, electronic mail, Usenet news, gopher, World-Wide Web.
. Information Retrieval
Retrieving sequences and other information from databases.
Sequence Fldilindg )
Sequence entry, editing, translation and formal conversion.
Database Searches
Similarity searching of sequence  databases (BLAST, Fastd o etc.),
specialised databases.
7. Restriction Mapping
[xetecting restrictiom siles in saquences and plolting restriction maps.
8. Sequence Comparison
Comparing and aligning two sequences 1o estimate their similarity.
9. Multiple Sequence Alignmeni )
Crealing, editing and formatting an alignment of more than o sequences.
Deriving a sequence profile and using it for database searches.
1. Pattern Recognilion )
Searching sequences and sequence databases for pattemns and motifs.
11. The Ribosomal Database
The RDP ribosomal RMNA database and the alignment editor AE2.
12. Phylogeny Inference
Inferring phylogenies From sequence data and ploting phylogenetic troes.
13 Gene Detection
Searching sequences [or open reading frames and potential coding regions.
14, Sequencing Project Management
Management of sholgun sequencing projects.
15, PCR Planning
[Designing oligonucleotides for polymerase chain reaction experiments.
L6, GDB and OMIM
The human genome database and the OMIM catalogue of homan genes,
17. Graphical Genomic Databases
Datlabases based on ACeDB (A Casnorhabditiz elegans Dalabase).
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18. Genetic Linkage Analysis
Cienetic mapping using the Mapmaker package.

19, Secondary and Terliary Struciure
EMA and prolein !iu:u:nnﬂ.'.l.r}.r structure prediction. Displaying  tertiary
structure models.

The tutorials are designed 1o be used withoul direct supervision. They detail
procedures 1o be followed step by step. together with illustrations and explanations
ol the resulls.

The full ANGIS twiorial sel has been made available by anonymous [tp al
morgan.angis.sworay, in Spub/ANGIS-lotorials.  Microsofl  Word  for - the
Moacintosh, Rich Text Format and Pos 18cripl versions ane available.

Because the tulorials provide detailed step-by-step instructions, they are fairly
specilic to the ANGIS interface, although in many cases they can be adapled casily
for more general use. To date, the wlorials on GDOB and on ACeDE have been
comverted into stand-alone wiorials which have been made generally available by
anomymous fip. The ACeDB tulorial in particular has been very well received, and
has been used as the basis for classes in the USA and in BEurope. 11 has also been
converted to HTML and made available on the World Wide Web by Sam Carttinhour
of the Mational Agricultural Library in the US Depatment of Agrcuolture, a the
URL http:fiprobe nalusda_gov S0 acedoesiangis TOC _himl.

Pans of the tulorial book have also been incorporated into two smaller Gefing
Started books, Getting Started- with the 20 Menn Interface and Getting Slarted-
with the XANGIS Interface which are sent free of charge to every ANGIS account.

The Recipe Book

Feedhack obained from a number of ANGIS users suggested thal many
researchers don®t have the time 10 learn the details of how 0 use the compuling
resources available o them, but just want to be able 1o wse these resowrces when
they nesd them without spending too much time. This concern was addressed by
crealing a small book of protocols describing in a slep-by-step Fashion how (o
perform @ number of the most commenly used sequence analysis lasks wsing
AMNGIS. The resulting ANGIS Recipe Book containg over 100 pages covering the
fallowing topics:

*  Suggested siralegies for sequence analysis

Enlering a new sequence
Similurity searching
Database sequence extraction
Sequence comparison
Seamhing for restriction siles
PCR primer design
Prolein secondary structure prediclion
Motif search
Mlultiple sequence alignment

Aldthough the recipe book was nol writlen 1o be a teaching tool, it has been used
as such by some university lecturers wanling to leach basic bicinformatics
procedures 1o undergraduate students, and nol wanling 1o go o the level of detail of
the ttorial book, However, because the main aim ol the book is 1o guide ANGIS
users through the ANGIS interface to reach their goal rather than 1o each the in
depth use ol the software, il has o more limited usefulness 1o non-ANGIS wsers
than the twiorial book.



In addition 1o the hard copy version, the ANGIS Recipe Fook has been made
available in electronic form by anonymous fp from morgan.angis suoean, in
SpubRecipeBonk.

The AMNGIS Recipe Book has also been modified and converled to HTML for
ublic access on the World Wide Web. The On-line Recipe Book can be accessed
rom the AMGIS home page, together with other documeniation aboul the service,

at hitpofmorg an.angis. sw.oe.an.

The Introductory Workbook
A workbook 1o be used in one-duy introductory ANGES workshops was also
created from parts of the wioral book and of the recipe book. This workbook
covers the [ollowing topics:
*  Logzing on 1 and off and navigaling using the ANGIS 2D menu interface.
Aquick our of ANGIS, wsing on-line help
File manipulation
Metwork resources (email, news, gopher, WWW)
Information retrisval
Sequence eniry and editing
Similarity searches
Sequence alignments
PCR primer design.
Appendix L2 Some suggested stralegies for sequence analysis
Appendix 20 transferring files between ANGIS and a Macintosh computer
Aldl the previously mentioned teaching materials have been made freely available
Lo universily lecturers for use in their own I.<..J.c|1|n=' progrims. To date, seven
Australian universities are known to make use of some of these matedals for
undergraduate andfor postgraduate teaching.

Maiterials in Development

A reference guide to the ANGIS programs is cumently being written. This book
is Lo bring wogether all the information available on ANGIS pr |:|='| ams, armnged ina
consistent fomal, toeether with lips for usage. Althou gh not imended s o feaching
toal per e, it should provide a handy reference for users and give them more
comfidence o experiment and learn the use of the system by experience. An on-line
hypertext version of the reference book is being developed concurrently with the
printed version, and can be examined on the World Wide Web from the ANGIS
page at hipofmorgan.angis. su.oz.an.

An exercise book 15 dlso in progress o complement the wierial book. The fimst
part of the book is 1o present exercises [ollowing the tutorial book, so that after
completing each tutorial in the book, studenis can 'FIF.I.lILl_ what they have learned.
The second part is 1© conlain more r.c:mpl-.x exercises requining the use of several
programs, and Creal life" exercises, drawn from actual mwesearch  situations,
demonstrating the efficient use of the resources available on ANGIS. The exercise
hook is 1o be complemented by a book giving complete possible solufions 1o the
various exercises, and also by a “hint’ Book That would peint students using the
exercise book on their own in the right direction, without giving away the whole
solution. 11 §s intended that this exercise book will be made Treely available in
electronic form 1o eaching institutions who want to use it for their own courses.

Courses and Workshops

Adthough 944 ol the |1~:&5x:|1d|_|1Lﬁ o the ANGIS survey agreed thal courses on
the use of the system should be organised. there was less agreement on the form



these courses should take. Several different formats have therefone been used: one-
week practical courses, two-weeks theory and practical courses, and one-dav on-
site workshops organised in conjunction with local staff. After cach one-week and
two-weeks course, feedback was oblained from the students using o questionnaire.
The effectivencss of on-sile workshops was assessed mone informally, by talking to
the local workshop crganisers and 1o the students.

ne-week praclical cowmrses

Three S-day practical courses have been given to date: two in July 1994 and one
im January 1995, The July 1994 courses were attended by o total of 77 participanis.
Because of equipment [imitations, the January 1995 course was limiled 1o 25
students. The courses were given in the school of Elecwical Engineering of the
University of Sydney, where ANGIS s located.

The major component of the course was a series of 10 practical sessions
H:Lppmximuln:ly 3 houwrs each) making wse of the DEC, Alpha u1'1|:||:I VAN stations in
the Facully"s computer workstation Jaboratory, configured both as X and VT-100
emulator terminals accessing ANGIS. The practical sessions were based on the
AMGIS Tutorial Book. Because of the wide range of research interests and prior
expertise with AMGIS among the students, it was decided 1© keep the practical
sessions sclf-paced: students were free o choose which tutorials they wanted 1o
work through, and could work through them at their own pace. Studenls were also
encouraged 10 bring their own data 10 the course so that they may apply what thev
were ledrning Lo problems of inlerest to them, in consultation with the ANGIS stafl.

The praclical sessions were complemented by 10 informal  lectures  of
:JE)'plt:ximuI-:l!.r 30 minotes each. These lectures did nol discuss in detail the
algorithms and theory of sequence analysis soltware. Instead, they gave an outline
ol the various programs available to carry out specific 1asks and of their limitalions,
together with tips Tor their eflficient use. These lectures covered the following lopics:
*  [nuoduction to ANGIS and 1o the course: the ANGIS inlerfaces.

Information Retrieval: how to access informalion in the sequence dalabases.
CGiopher and the World Wide Web: molecular biology resources on the Internet.
Database Search I: BLAST, FastA and other similarity search engines.
Database Search 11: motif databases (Prosile, BLOCKS elc)

Sequence Comparison: global and local sequence alignment. dotmatrix plots.
Mulliple Sequence Alignment: creating. editing and ﬁnnull'lng the alignment.
Profile Analysis: protein sequence proliles and their use.

Database Search I specialised databases, relational databases.

PCR primer design: programs, limitations and tips for usage.

Two-weeks theory and practical conrsex

Twa theory and practical courses have been given by AMGIS to date. Each of
these courses man for two weeks, and made wse of the same facilities as the one-
week courses. in the school of Electrical Engineering of the University of Sydney.
The first course was given in July 1993, and was atiended by a ol of 50
paricipants: 25 who allended both the lectures and the praclicals, and 25 who
allended only the lectures. due 1o equipment limilations in the workstation
laboratory. The second course ook place in July 1995 and was atiended by 45
participants, out of which 15 attended only the lectures.

Each course consisied of a series of practical sessions (10 for the 1993 course,
12 for the 1995 course) similar 1o the practical classes of the one-week courses. In
the mornings, a series of 20 lectures covering the theoretical basis of biological

sequence analysis solbware was given by Professor Dovglas Brutlag of Slanford
Ulniversity.



The 1995 lecture series was based on the following outline:

Introduction: a survey of computer applications in molecular bioloay

The Internet: stuctune and history, applications in molecular biology

Sequence databases: history, structure, access

Symbolic pattern matching in biological sequences: string searching, Prosile elc.
Quantitative pattern matching: weight matrices, neural nets ele.

Sequence alignment: Needleman-Wunsch, Smith-Watenman, FAM matrices etc.
Mear-optimal sequence alignments

Rapid database search for sequence similarity: Blast, FastA elc..

Parallel database search: Blite and MPSeamch.

Multiple sequence alignments: Clustal, Macaw ete...

Protein structural motifs: profiles. blocks and Hidden Markoy models

Random sholgun sequencing and sequencing by hyhridization

Physical mapping of genomes

Sequence phylogenies: UPGMA, neighbour joining. parsimony elc

The restric ion mapping problem

Positional comelations in biological sequences

Parametric representation of sequences: protein hydrophobicity, charge etc.
Programs for PCR primer design.

These lectures presented a theoretical background 10 the programs, including a
descripion. of the algorithms wsed. This ~was [followe hr' some  praciical
demonstrations using & compuler linked 1o a sereen projector. The lectures ranged
from practical discussions of the pros and cons of various programs (for LTJ.I'I'I'FIIL‘ in
the PCR primer design lecture) 1o theoretical expesitions of recent developments in
bioinformatics.
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Fizure 1: Opinion of AMGIS users on ANGIS courses: summary of the
responses oblained in the relevant section of the lanvary 1994 survey of

AMNGIS users.
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Figore 4: Level of interest in the various practical tutorials given in the 1594
and 1995 ANGIS courses. The participants were given a list of the topics and
asked 1o check the topics they were most interested in.

course participants who returned their questionnaire considered this one of the best
features of the course). OF the course panticipants who returned their questionnaires,
T0% strongly .J.'-"I't.‘\'..‘d and 23% agreed with the statement T fell one week of my dme
was well s "ﬂp{.‘l‘ll Mo one disagreed or strongly disagreed with the stalement
ifigure 2, panel b,

“T'he general opinion of the respondents to the 1994 ANGIS user survey was less
in favour of o two-weeks theory and practical course: 36% of AMGIS Osers were
againsl the idea, 31% were in Favour (figure 10h1). However, most of the users who
did attend such o course found it useful (Figure 2). Again, From discussion with
users and from the feedback oblained from course participants, il appears that the
major reason for the opposition to two-weeks courses has o do with the time
commitment required. In addition, a lot of biologists feel that they do not need 1o
know aboul the algorithms behing the software they use, I'.lul usl require enough
praclical knowledse of the software (o use it efficiently dl 1o understand the
progmm culpul. & two-week course with a strong -_mpusll. on algorithms and
recent developments in bioinformatics is pereeived as a waste of time and resources
by many users. This does not imply that there is no need for such a course. The
feedback oblained from hiologists with an inlerest in the more theoretical aspects of
hicinformatics and who attended a tan-weeks cowrse confirms that such a course is
definitely needed in Auvstralie, even i ils larget audience is limited, and that ANGIS
i= in an excellent position to offer such @ course because of ils wsources and
expertise. However, the emphasis of the lectures on the theory of biocompuling
needs Lo be clearly spelled out when advertising the course, otherwise il may attracl
students who are’ mostly interested in the practical use of the programs and would
find a shorter practical course more suitable. This accounts in pant for the slightly
loweer Jevel of satisfaction with the two-week courses when compared 1o the one-
week courses (FHgure 2) and for the fact that the two-weck coumes met the
expectations of their parficipants less than the one-week courses (lgune 3).

Practicals
The practical sessions were run in the same way in the one-week and the two-
week courses: the students were Jelt © choose which arcas of the mtorial book 1o



work on, and were free 1o procesd at their own pace, with the stafl of ANGIS
available to answer questions. The tulor © student rafio was on average ones bulor
per 10-12 students. Guidelines as o which tulorials to do first in order 1o avoid
confusion were given, bul only as a recommendation. This allowed students with
varying levels ol expertise o all work at a level that was suilable for them. The self-
paced nature of the practical sessions was in general appreciated by the students,
and 10 students nominated it in their questionnaire as one of the best features of the
course, Only one student commented that be much prefered 4 more structured
format, with set twiorials o do each session, and a formal demonstration of how o
go through these tulorials at the beginning of each session. The idea of a formal
demonsiration was  supporied hg.r a few other students. The lock of suitahle
equipment macde such demonstrations impractical, but they are being considered For
future courses.

A comsequence of the self-paced nature of the course was the possibility for
students to bring their own data to analyse, so they could apply the experience they
had gained 1o problems of direct relevance 1o them. with the ANGIS stall al hand to
assisl them. This feature was apprecialed by the students, and in a Ffew coses
nominated as the best feature of the course.

One of the main complaints aboul the practical sessions was that they made use
ol computers unfamiliar to the students. A number of students commented that they
would have much preferned wsing a computer of the type they normally use o
access  AMNGIS  (Mocinesh or  IBM-compatible P I.iIr than LINIX
workstations. This complaint bas been panly addressed in lllL‘ MOre weenl Ccourses
by organising demensitions on how o aceess ANGIS using Macinloshes or
Pi*s, and on how to transfer files between these microcompulers ‘and ANGIS using
some readily wvailable software. Liltle can be done at this slage Lo address the maore
specific questions on how to se1 up individuoal mu;lu:c:mpulx.n lo aocess ANGIS.
Due to the wide wvariely of possible compulers, sollware and  nelwork
configurations, these queries are best answered I:\!,r local compuler systems
administrators.

The participants of the 1994 and of the 1995 courses were asked 1o list the
twlorial they wene most inerested in. The resulls are summarised in fgoe 4.
Overall, the most popular lwiorials were those demonstraling the Lypes of programs

Intraduction ba the Course
Irfamnation Aetrisval
Gopher, Warld Wide Web
Cetabase Seanch |

Databess Seanch I
Sequence Companson
Muliipke Sequence Alignment
Prafile Analysis

Dalabasa Search Il

PCR primer design
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% total number of respondants
Figure 5: Level of interest in the various practical talks given in the one-week
ANGIS practical-only cowrses. The panicipants were given a list of the talks
and asked to check the talks they were most interested in.




which are most used on ANGIS (scquence comparison, database similarity
searching. database information retrieval, sequence editing and conversiom and
mulliple sequence alignment. together with the more general programs such as those
involved in file manipulation and network resources). The least popular wiorials
were those dealing with specialised databases such as GDB, ACeDB and RDP,
which are accessed only by a small subsel of AMGIS users.

Shori Practical Talks

The talks given in the one-weck courses deliberately took a very practical
approach. Instead of going into demils of the mechanisms wsed by the programs,
they exposed the pros and cons of the programs available on ANGIS o carry oul a
specilic lask, and gave a Few tips for theit use. Overall, the practical orientalion of
the talks was appreciated (over 83% of the respondents agreed or strongly agreed
with the statement “the talks were wselul’. and less than 29 disagreed). However, 5
oul of the 66 respondents commented in their questionnaire that they would have
liked more details about the programs, especially in relation 1o customising program
paramelers for specilic uses, and interpreting the resulls.

The level of interest in cach of the talks is summarised in figure 5. As seen with
the practicals, the talks which generated the most interest were those which coversd
the programs most wsed on AMGIS (Database Scarch I Seguence Comparison.,
Multiple Sequence Alignment and Information Retrieval ).

Theory Lectures

The theory lectures in the two-weeks courses were given by Professor Douglas
BErutlag from Stanford University and covered program algorithms, tips for eficient
use, as well as necent developments and advances in the field of bicinformatics.

Survey of compuier applications
Intamet and Metworks
Databazes

Symbalic Patiern Makching
Parametric Represertatians
Quaniiative Pattam Matching
Saquance Alignment

Mear Cptimal Algnmert
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Paralel Dilabasa Searches
Multiple Sequence Algnmert
Phylagery Inference

Gel Assembly and Sequencing
Restriction Mapping

Genome Mapping

Protein Struciure

Fasiicnal Cormelations and Structural Motifs
Prortein Structunes by Homalogy

o 20 40 0] an 100
% fotal rumber of respondents
Figure 6: Level of interest in the theory lectures given in the two-weeks
AMGIS courses. The participants were given the list of lectures and asked (o
select the lectures they were most inlerested in. The lecture on PCR primer
design s not listed here because it was a late addition and therefone was not
listed as an oplion on the cowrse assessmenl questionnaires.



Similar lectures have been given by Douglas Brutlag in other counses in the USA
and in Europe. Most of the lectures were illustrated by practical demonstrations
using a computer linked to o screen projector. Because Professor Brutlag was ool
familiar with ANGIS. these demonstrations made use of software not always
available to the course participants. As a result, o mumber of swdents commented
abeul the lack of correspondence between lectures and practical sessions. This
concem should be addressed in future courses by including demonstrations of
AMGIS soltware in the lectures,

The coverage in the lectures of algorithms and of other material with a strong
n1.1||x:n1.1[|n:.~=.’r_-::n1pul.<.r science background wis mel with mixed reactions from the
participants. Some listed it as the best feature of the course, while others considensd
it the worst feature, and commented that the lectures were wimed mome al
mathematicians and computer scientists than molecular biologists this mixed
reaction i apparent in the msponse to the satement “the cowrse emphasised
compuler echnology al the expense of molecular biology®, shown in Ggure 3ih).
black bars). Since an understanding of its algorithm is Bllen necessary for o fully
informed, efficient use of o pl'c:-nrum the soluficm o this problem probably lies in o
careful advenising of this type “of course, so that il attmets mostly advanced wsers
with an inlerst in bioinformatics and ..Ld.mu.:l.c background  knowledse. Other
students should be directed wowards more practical courses, which can introduce
them to many of the statistics and compuler science concepls, as well as give them a
good familiarity with ANGIS and its inlerfaces.

The interests of the various participants in the lectures are summarised in [igure @.
Again, the lopics which cnnend.tn_ the most interest correspended Lo the programs
that are used most on ANGIS.

Conclusion

The fact thal every ANGIS course so [ar has been [lled 1o capacity indicates that
a lot of molecular binlogists in Australia feel the need 1o learn how 1o use computer
soflware appropriately “and el Ticienty for their rescarch. This interest is mainly
focussed on the computer applications that they wse most in their feld, and Tor most
mokecular hiologists this includes software for sequence alignment,  dalabase
searching, database information retrieval and mulliple sequence alignment. Overll,
ANGIS Users preferred a practical approach o this leaching, prelerably one that
they could apply directly 1o their own data. In gencral, the presentation of the
aleorithms .mé:I statistics behind the programs should be made directly relevant Lo
problems in molecular biology, .m|:| showld be directly applicable to practical tasks
such as understanding a program’s limitations, |11m:l||'1.r|nn PIOZMIN PArmeters Lo
suil specific circumslances. and evalualing a program's resulls.

There is however a need for a more in-depth instruction in bioinformatics, one
that s required if Australia is 10 make o significant contribution 1o the Geld instead of
just reaping the rewards of sollware dn_'l.'-_Jt:pu_d overseas. A number of molecular

inlogists fuve expressed interest in learning in detail about program algorithms and
recent developments and research directions in this area. In addition to Iml-_nnﬂ this
interesl. the lectures in the two-weeks ANGIS courses have provided an excellen)
introduction ko these Lopics.



