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1 Introduction

Ui informal paper mtends 1o answer the guestions given 1o the participants of the work
shopr o advanced computer techinologios and biological sequencing held at the Argonne
National Laboratory. 11 also includes some comments on the applicability of advanced
catnputer technology, especiallve the fifth generation computer technology. 1o biological
sequencing and functional aualvsis of DNA/RN A/ proteins, The contents of the answers
aned comments are anthor’s personal opinions and hopes as researchers of advanced comn

pter tochimeodopy,

2 Problem Solving in Molecular Biology

b this section. we make sure of our understanding of the problem solving of molecular

bivlogy and overview our conunents from the 5G technology’s point of views. That is

what ave or will be the problenis to be solved and the limiting factors for now, which
oitld require advanced computer technologies mcludmg the 536G computer technology.

Sequence . ; Protein
. [N A — RNA " L Nelce
analysis s en e = sequence e e
Strnctural BENA Profein
analysis structure struciure
Fiinetional RNA ~ Protein
analvsis function funetion

I. High parallelism of the homology searching: The entire problem solving of
molecular biology may contain different kinds and levels of high degree of parallelsm
in different parts of the problem, e,
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o Most ot the algorivhms i use for the sequence analysis are based on the mnlti-
varlate analysis which is supposed (o require enormons computation power lor
st
— Sinee the contaimed parallelism = untforne and regular. SIMD compiter
architectures mway be appropriate.

e [he stpnerural analvsis will not stav at the RNA or proteis level, T the future,
will be connected to the coll and organism level<. In these structural analyses.
dvuamic simulation for both quanmative and qualitative reasoning will take a
laae g |raart.

— e grained Taehids parallel MIMIY computing environments will be neces-
sary

e For the bunctional anabyvsis. there are numerows unknown things

— dome expert svstem technology will be nevided for hearistic reasoning.

2 Exponentially growing databases:

The amomt of data entries of databases is inereasing exponentially vear by vear,
Many of the existing databases are build np using the conventional relational dataliase
rhondeds wloch will rosult by the problems on database overflow and irr|||.|':=|f'1il';1||_'} lir

pertorinanes a= 1he data amount inereases,

— The databases <hiondd De built up adopting new database models. such as nested

relational vodels and olject-ornented darabases and so on.
1

- Integrated software system: Tt seerns that there have not so many software

svetems developped for molecular biology, A large seale of different kinds of software
will need 1o he developed from now .

Furthermore, wany of the existing software svstems are for a partial fanelion and
tHhiere are almiost uo il]Tt':e_:'H.l:.Pd EVSLE which enables 1o reason [rong some SECUece

v a funetion or vice versa,
— For ease of L'l!""-l‘lU||'rIH"II|. maimienance and extension, Lhe :|Fr1,'{-rh:|r|||{'r|!. of 1he

software should be done in high level languages,

Friendly User Tnterface: Looking al the existing molecular biological software
svstenms. i as hard toosay their user interlace is simple and friendly to the end wsers.
Diotogists, bnother words, they are computer oriented rather than user-oriented.
= For the svstem to be accepted naturallv by biolosists, il is necessary to develop
software svstems with frndlv user interface.

Up-to-date rescarch environment:
Plie researcl progress is so rapid in molecalar biolog v,

— For bialogists 1o come up, share and exchange the newest information tinme 1o
fie it will be necessary to build up a world-wide conputer network environment.

Applicable 5G Technology

We have been proceeding the fifth generation computer technology project at 1COT. witl
logic programning as its central notion,

L



.I'l.lllan.E'_L the researelh andd flt"".'l:’]1'l|:'llli='l|| results which have heen |]|'(J|]g]|| ort by 1 e
progect. we itroduce those which mar be applicable for and contribute to the above

|""'-’|"]"”' -.,-“|l."|1:g i|| r||u||'|'i|];||' ffluh.ir_ﬁ'.'.

I. High level programming languages
o Lowic progomning langraees o KEO{Prolog-Tike Dvokoisd], ESP [Chikavamasl).
CIL Mudaiss, GHE [Uedasy] KEHGHC a0+ F) [Chikavamass|
o Copstranmt progrannning languages o CAL [Albassi
o Object-oriented programining langnages . FSP. ATM ["|'Uu||iq'l.-,:?¢i}
o Parallel lor conenrrent) provranuning langnages .. GHO. KEL ATTM
2o System sollware development technology:
¢ Segnential operating systen: SIMPOS whicl is an operating svstem written in
ESP/L0 to o ESEP /LD programs on ST and PSED machines [Yokois],
o [Pavallel aperating systenn PINOS whicl s an L]]rr‘l'aﬁn:.:, sysber wrilley iy
WLt v WL proavams oo MultiPST and PIM machines HChkavimiass).

o Inference machine architectures:

o seqential mference jachines:
= PS5 [Nakajimant] and PSE [NakashimasT! tnned for KLO execution.
= O [Nakazakiss] tuned for Prolog esecution
o Parallel inferenee machines.
= Multi- PST [Talkist] designed for parallel software researely
= PIM [Gotoxs, Urhidas=sA] tuned Tor KL execntion
L. Distributed network environments:

At present. about 200 copies PS1 and PSI-11 machines are connected together via

local aud global area networks.

o Workstations: PSLOPSE-I ( besides ST
¢ Contral machines: Multi-PSECPIM (hesides DEC-2065, VAXTA0/730. Synine-
by
o Network protocolss PSToeet (Lesides DFO el TUR/IP
. Knowledgebase and database management systems:
o Nested relationad and obiject-oriented knowledge base svstemn: KAPPA [Yokotass]
fi. Expert systems:

s Expert shells/svstems, ]l-'u_iii?'.;"ij

Constraint-hased probelem solving and object modeiing
= Hypothetical reasoning
= Distributed cooperative problem soling

— Q'ul-‘-l“l‘ﬂ e | l‘n!}if’irl.rrl#‘



Iormwlege aconizinion support svstemn
o Natural language understanding:

o Discourse mderstanding svstems: DUALS (21210 -111) [Vchidansi].

4 Questions and Answers

I this section. we answer to the given guestions. forcusing on what of the above ment ioned
e bechiodoeies wall e available in proariical vse g TR F90

4.1 General Hardware Trends

I Speeds of Processors:
Cleneral purpose microprocessors will attain 1015 MIPS I 1991 Tlhey will contain
La-LAME tran=istors poer chipe Their clock Drequeney will be 2533 MMz, Aronnd
PR ey may attain 20030 MIPS. Large mainframes will attain 100200 MIPS.
Flowever, they will e s mmlti- processors containng 4 to 8 CP s

20 Memory Technology:
Most workstations will have 3000100 MIE for main meniories in 199 using M b
Chapss Senmee workstations will have more memories. For exaniple, a logic program-
g workstation of JCOOT . PSEmachine has 830 MB as o standard confiearaiion. I
can be extended to 160 MB.

Mamframes jnav have 2 1o 10 GB in 19911094,

3. Disk Technology:
Maost workstations will have disk of 200-300 MB as a standard conhguration. Sone
expensive workstations mav have larger disks, lor example. more than 1 GH in
[ 140,

PSlanachime has a 200 MI3 disk as a standard. It ean be extended to 300 AMB.

4.2 General Software Trends

[ Computing Environments:
P will have suore mierits than DECVMS or [BM MVS because hardware svstenns
for Unix will eover from a vy workstation 1o a powerlul ultiprocessor. { However,
Ui e not support veal paralle! processing. )
P also provides a distributed network environment which contains many personal
workstations and & few big center computers. Envieonments of Lhis tvpe will be one
of the hest solutions in the near future.
I these envivonment. the workstations will be used for small to mediom scale static
analvsis Like sequence matching and functional analvsis. The center commputers
will e nsed for simulations of dvnamic molecular strnetores or three dimensional
wraphics.
Conventional large mainfranies will be used in the first stage of biological researel,
However, comples prolilems like analvsis of 31 stroctures and Tunctional analvsis of
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proteins will exeeed potential capabilitios of conventional general purpose comput-
ers, |hese probiems needs not only sufficient computing power bul also lugh level
knowledge processing capability ke expert systems, New parallel computer and Al

software technology can contribte more 1o these big and complex problems.

Language Developments:

It is obvious that higher level programming languages. such as functional and logic
programming langnages - will bring biolooi<ts niel more merits than conventional
procedoval laguages. OF conrse, C o Cad i hetter than Fortran, but still too low.
Fuanciwnal ar |n%i-.' progranuming languages are much better than these procedural

langnages in progranming. debigeing, maintaining and extending. if their hardware

supports are sulficient aond realize high performance per cost.

Presentlv, not so many software svstens are existing for biological research. Thus,
the software development must be guided 1o nse high level languages which will

make Tull vse ol aelvariesd COIT e !r*:'||||L}]1:;_ﬁ.' in the fotoare.

Furtiiermore, molecalar biological researches cannot stay at the level of DNA/RNA /proteins.
Hd i’

Bie the fnture. they will be conuected or oxpanded 1o researches at the level of cells,
nenrons and organisms. Tuclwding the rescarches on 3D molecnlar dvnandes. =im

ilation at each of the above fevels will e ane ol the largest applications i this

elel, There are very few or alimost o girx-r| :nl'trﬁTHltllr]i]lg iFI“guaHﬁH and exoey-
Gon environments 1o shiinulate such a great wiomber of fiue grained conununicaiing

[HrapCenses,

ICOT s comeurrent logie progranuning languages and execution environments will
greatly coutribute to this kind of problem solving,

Database lechnology:

Main databases being acenmulated in this field seern to consists of a lot of Sequences
of DNA fragments. Currently. data processing applied to these databases do nof
seerm 1o be so complex. Then conventional database technology using conventional
computers can be used eflectively,

However if hiologises want to handle inore sophisticated data structures like rules in
which relations hetween Tunctions of proteins and their 30 strnctures are deserilied.
advanced database teclmology will he necessar.

Special-purpose Hardware and General-purpose Hardware

Performance improvements:

Aw T as !-CIIJ'I'IDF':" but heavw p]'f_’-'-h‘l]lh lilees &1 Brprneals Y search are concerne, !-j-pH_"LﬂJ
purpose hardware will attam hetter performance than general-purpose hardware.
Parallel computers like pipe-lined processars for scientifi computation greatly con-
tribute these problems. If the homology search las to be combined with intelligent.
processing using a variety of knowledge like advanced expert svstems. MIMD type

pavallel conpaters will he miportant.

Cost /benefit:

For the homalogy search. special-purpose hardware will he worth huilding. However,
tis bvpe of hardware has w compete with scientific computers which can liave a
wider market. Then. the hardware building nist be planned carelully.

e



1.3.1  Developments in Multiprocessing Capabilities

. Shared-memory MIMD machines:
The mimmbier of processors of a shaved memory MIND nachines will be less than 20
i DL T T the speed of processors s oslow the gamber could be lTarger,) Tts
hardware price may he S2OIL000 1o 553000K Tts performance mav be arouned 100
MITS ot masimenn bt depends onalgonthms aud characteristios of the problen

toa Lo mrlved,

2 MIMD computers without shared memory:
As the mumber of processors which con Dee connected 1o a shared memory is limited.

a laree seale NTINTDY conpanner Bas to use a0 loosely conpled networl.

Fow snah o |il1'_'_'_t‘ seale NEMTY U e, i el TV TN AIMLY machione can be
sl as o node of o loosely coupled network. This organization can conibine merit =
of these two tepes of MIND tachimes, One of 100 s parallel inference machines
CPTN- ) s of this e

It s Dikelv that wachiones of this tepe will appea e o the miarket soon. Howevier,
sofltware svstems lor Inolosteal rescasch have 1o be matured before they can Tw

E‘ll‘f'i'!f'.l.']_'l' ||:-I"I'[ ikl |||F" 11 lead ||i|||"1._

4. 5TMD machines:
Sinee the homology searell is substantiallv sinple. mechanical and regnlar m s
aleorithne SIND machines will be elfectively nsed. However, SIMD machines are
nol adequate for such intelligent svstemns ke expert svatemis which should have a

sophisticated man-machine mterface and programming environment.

| Strategies for exploiting mulliprocessing capabilities:
The cureent computer nsage in molecular bivlogy does not seem to he matured
enongl to ke foll nse ol arge seale multiprocessors, although this field has a

it ral jrrispert v Lo |‘J|'nu:|1lu' a greal amonnt of data to be ana'_l.'?,ﬂl,

Using lligh Level Languages: 11 tliese data are onee deseribed in conventional
lingnages or informial wavs which lack mathematical formalisms, it is difficuls
o esplonl parallelism and apply multiprocessing. Then, the usage of high level
Lnguages ke funetional or logie langnages are one of the most nnportant and
NTEENT FeuiTenen 5.

Providing Easy-to-use Interface and Easy-to-develop Environment: Toen-
courage e nsage. the developent of casv-to-nse and powerinl environments
s Lo b started as soun as possibles 10 may start with smiall scale malia-
processors and graduallv move to laree seale mnltiprocessors having dedicated
stipports ol the advanced database manageinent and knowledge programming,

[med s,

4.4 Networking Capabilities

We computer sewentists have learned throngle one experiences how benifitial to onr re
searclies computer network s,

Sinee the progress inomolecular biology i inevedible rapid. computer network must
b substantial ane fmportant for Biolosists 1o come ap with and exchange each other

i



the wewe=t inforations. papers and access and share the pewest databases and sostems

linally Tor hrmging out new discoveries and problem solutons.

L.

4.5

Boaldes the soltware ilevelopmeut problemi the databazse IHEATIAZEeT At

International Network by 1991 and 1994:

_\E""I '|‘\.l.rl'|x' (R RIEA r“lll -i-l[lld.lll% 1"[.,'-”||I||1t"ﬂ IRACTRRTT Y IIT'IH 'lli,” t'l!" T'K‘I.I"III_E,!"{I .Hjll:_l \.'-'-Ill J}]il"-'i‘ilf_"
Fet1er sorvices [or 1he eesearchers e the x‘:u_rl'lr_f. ”L:WL*H*:', 115 ot |i]{1-]"..- flat e
searchiers e molecnlar biology will beoable to nse computer network systenms, lor
t'qul'|'|'|r|r'. H ].11-1.\: |1.1.-'4-'r| I|:'11.'-.'-.Jl'i{. ill J'PFH b ko ]]|I|:_‘}| F1RY 1|'||~ ujr|||:|:h'|' I'f'!-il:_"r'ljl'lll'l'!- 13s0"
1 presentls. The kev problem = whether bologists will use workstations [reely like
a paper and pencil Compuoter seientists most manke more effort to make network

susteens ore Teiend|v,

A central database or local datahase?

Bonh are nevessary. Huilimg of both Lig central database and local database should
b proreeesel i parvallel 10 workstations can e shistributed widelv with special Roan-
cial support= local databases wall be e poportapt. o tis case, one of the
Lew preoblems will Tee whether convenient soft ware tooks are provided or pot on Uhe

wirrksta ks,

Database Technology

ACCEEY DR A

HTIIIZ‘J.' i]lb[:|1|'1 atll h‘li]yj!‘t'[ o e ['L‘"ﬁt"ﬁl':'l’lt'l;l ﬂ:r' |'||l;,rl|l,"‘1'l.||i-l,.'|' hlﬂ"i?j:',.'l.'.

The problems on the molecular biological datatbhases shonld divided into two: one 1s

on the internal data representation and structure of the database and the other i on the

n=er milerlace and tools 1o aceess the dat ahase,

Internal data representation and structure of DB: W hat makes this problem
difhenlt 15 not onlv that the amount of data is mereasing exponentiallv every vear,
bt alsoo that there are many onknewn corelated factors for each entry.

Some of the existing databases for molecular biology arve hased on rather old techuol-
oey such as relational databases. For such a database like a relational database with
a lesed oranigue format, the amount of disk storage and main memory required for
e process expaids in proportion to the prodoct of the number of factors and that
ol entries. In adevion, Join operations on different relational tables ocenpy most of

i cornpuatal TSRS

Tt ks cdear that the pormal form database hring ont the problems of an ex-

travagant amenn! of storage and anellicient execntion.

Fheretore. for Beat i comnpactpess and extensibility of the database and etficeent ex-
conbion ol dataluase manipalation, the non first porual form or nested relational
datalrases shionld L pesearched and developed 1o solve or vemedy this database
explosion probden and offer high performance on database acrcess.

Amone OO database researches. Wappa is a knowledge hase management system
whose nncerlving data model s a non Tiest normal form TNFNEF) or nested relational
model [Yokotaxs].

Friendly User Interface:
There have heen several kinds of copact and casv-to-use soltware proposed for
e database wanapement, suel as MoltiPlan, Dbasell and Lotus 1-2-3 and so
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Farsit
van grasp bt uot whose pri

o Phough they ave for handling very sunple and small databases, but thev have
been accepted so widely in the business field wainly because of their friendly user
iterface,

We think of the user interface lor molecnlar biological soltware as well, Taking a
ook at the existing <oftware and tools for molecular biology. most of them might
work for themr own finetions but seenn to be poor o thetr user interface. The nser
mterface 15 a very important Tactor to decide il Uie sestem can be aceepted or not. [t
st D friend v e natural first. The markes size Tor moluenlar biology is expected

o b ]rﬁl"_F,E" curonel T vesearel anel :|F"L'P']L‘}|l E'__utu| foasls as connnertial prudlu't.‘c_

DB with flexible query capabilities:

Lo thies snalvsis of the oo respondence hetween IPNATRNA /proteins sequences and
thear 31 styoctnresadvanced database technology with inference funetions [ knowl-
erdae base svatems) will be a kev for Diologl=ts 1o he able 10 constroucl such a Hexilile

clatalyases.

Al Technology

there are oy things anknown i this field. ouly whose phevomenon or Liets we

imeiples how they happen. From these unsolved probioms, we

lewrn rales Tivtle by Tittde throngh several expericnees and exproviinents, We might solve

the principle at the end, but even if we could. it wieht be too romplicate Lo represend
| | |

adh

rale or process ol that,

Thus, the expert svstem approach in which we take the objective principle as a black

box and comprehend 11 from the visible or well known phenomenon is mostly required in

this Dield.
he othier words, the expert svstens technology should be applied most effectively and

play o geeat role in the molecnlar biological researcl.

I. Presecreening System:
Ihe Tunetional analyvsis or luction-to-structure inference of DNAJRNA [proteins may
Bee the nost promising hield 1o apply the expert systems technology effectively. [
should contain many interesting research topics for compnter rescarciers.

2. Demon for inconsistency check:
Al technology can he nsed for a variety of analvsis in moleenlar biology, Updating
the database witl newiv fonnd data may raise many interesting research problems in
AL Thew will inchude proflems in dalabase AN AZeTITIL, I-Lllﬂ'l.'r'h":if__r;i* 1:-1'ugr.'-u|nr|irrg
like constraint logie progrannning. parallel processing and so on,

3. Relevant. Al technology:
Faitern I'f'r't:,u;rli[.ihll r.w'llllcr]{lg_‘;' will adso he e1|:!:|i1 abile to Hu;-[]_rm'- raw data on .“;‘T'ﬂ_'l.'
filos and mprove the efficiency of biological experiments.
Natural language noderstanding may share the proldent with the analysis of fune-
tions of proteins in reasoning hased on ambiguons data.
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