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class Internal Paper
inherit Paper
properties
associated_contract : Contract

inverse is Contract.reports;

operations
create(. . .)
end Intemal Paper.
class Virus
properties

name, description : String;
coverd_by : Set (Paper)
inverse is Paper.concerns;
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class Paper
properties
title : String;
puiblication : Journal Entry;

institute  : Institute;
written by : Set (Author)
inverse is Author.papers;
concerns  : Set {Virus)
inverse is Virus.covered._by;
refers_t_o i Set (Paper);
operations

create (. . .}

end Paper.
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operations

create (. . .)

end Virus. i

class Contract

properties
contractg, amount : Integer;
start, finish : Date;
report : Set (Internal_Paper)

inverse is Internal _Paper.associated;
operations

create(. . .)

end Contract.
class Author
properties
name : String;
nationality : Nationality Type;
dabe.of;birth : Date;
operations

create(. . .)

end Author.
class Institute
properties.
name, address : String;
type : Institute_Type;
operations

create(. . .)

end Institute.
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I-  Object Oriented Databases

J.G. Hughes - The university of Ulster
Printice Hall - 1991

2-  An introduction to object oriented databases
Won Kim
MIT Press
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Genetic engineering technology has made it routine to
synthesize DNA component strings like these with any
desired sequence. In Adleman’s experiment, 30 trillion
molecules of each city’s complementary DNA name and
each DNA flight number were synthesized and added to
a test tube.

Watson-Crick complementarity made the complemen-
tary DNA names act as “splints” to bind DNA flight
numbers together. For example:

Chicago-Baltimore
DNA Flight Number

Atlanta-Chicago
DNA Flight Number

N e
cgagecttagega
cgaate
r
!

Chicago Complementary DNA Name

After a short reaction time, the test tube contained tril-
lions of long DNA molecules consisting of DNA flight
numbers splinted together by complementary DNA
names.

Molecules for all possible combinations of flights formed.
Given the sheer number of reacting molecules, probabil-
ity makes it virtually certain that, by pure chance, a
molecule will form that corresponds to the flight combi-
nation we are looking for - Atlanta to Chicago, Chicago
to Baltimore, Baltimore to Detroit.

The molecule encoding this solution is distinguishable
from the others because of its length (in our example, it
1s four DNA city naries long), its beginning (the DNA
name for Atlanta), its end (the DNA name for Detroit)
and the fact that it contains the DNA names for both
remaining cities (Baltimore and Chicago).

Because of these properties, Adleman was able to use the
tools of molecular biology, including polymerase chain
reaction and affinity separation, to isolate the DNA
molecule coding the solutien to the problem from all
of the others that formed in the test tube.

In the experiment reported in Science, Adleman solved

a small problem with just seven cities. Clearly, however,
the methods described ean be sealed up to handle much
larger Hamiltonian path problems of the same kind. The
solution to such problems has a number of real-world
applications, including the design of telephone networks,
scheduling of work tasks and artificial-intelligence work.

In his Science paper, Adleman said, “the potential of
molecular computation is impressive. What is not clear
is whether such massive numbers of inexpensive oper-
ations can be productively used to solve real compu-
tational problems. One major advamiage of electronic
computers is the variety of operations they provide and
the flexibility with which these operations can be ap-
plied.”

“Nonetheless, for certain intrinsically complex problerns
- such as the directed Hamiltonian path problem, where
existing electronic computers are very inefficient and
where massively parallel searches can be organized to
take advantage of the operations that molecular biology
currently provides - it is conceivable that molecular com-
putation might compete with electronic computation in
the near term.”

Adleman is best known for his work on computer secu-
rity - the “A” in the widely used RSA (Rivest-Shamir-
Adleman} coding system, which was developed at the
Massachusetts Institute of Technology. And 11 years
ago last week, on Nov. 11, 1983, one of Adleman’s stu-
dents, Fred Cohen, demonstrated a new kind of com-
puter program designed to reproduce itself surrepti-
tiously. Adleman coined for it the now familiar term
“computer virus.”

Adleman said a key inspiration for the computational
molecular biology experiment was a 1959 talk by
Richard Feynman, in which the legendary physicist dis-
cussed the possibility of creating sub-microscopic ma-
chines, including computers.

The experiment was performed at the USC-associated
Institute for Molecular Medicing and Technology and
was supported by a National Science Foundation grant
and a Zumberge Research Grant.



ARTICLE

COMPUTING WITH DNA*

Eric Mankin

Computer scientists are always looking for ways to make

man of the Scool of Engineering has demonstrated that
it is possible to carry out computations at the molecular
level.

In an experiment reported in the Nov. 11 issue of the
Jjournal Science, Adleman solved a simple example of a
well-known computational problem by encoding math-
ematical structures in molecules of DNA and carrying
out computational steps in a test tube using standard
techniques from molecular biology.

“It is- premature to judge the long-term implications
of this approach to computation,” said Adleman, who
holds’ the Henry Salvalori Chair in Computer Science.
“However, molecularcomputation has certain intriguing
properties that warrant further investigation.”

“For example, while current supercomputers can exe-
cute about a trillion operations per second, molecilar
computers conceivably could execnte more than a thou-
sand trillion operations per second. Further, molecular
computers might be as much as a billion times more en-
ergy efficient than current electronic computers. Also,
storing information in DNA requires about 1 trillionth
the space required by existing storage media such as
videotape.”

The “directed Hamiltonian path problem” that Adle-
man addressed involves finding a special path through
a network of points. Consider, for example, this set of
cities: Atlanta, Baltimore, Chicage and Detroit. As-
sume that nonstop plane flights are scheduled only from
Atlanta to Chicage, Chicago to Detroit, Chicago to Bal-
timore and Baltimore to Detroit. The directed Hamil-
tonian path problem would be: Could a traveler book
exactly three flights in a sequence - starting in Atlanta
and ending in Detroit - that would take him to each of
four cities?

It’s easy to sce the answer is yes. Fly from Atlanta to
Chicage, from Chicago to Baltimore, then from Balti-
more to Detroit

But when the number of cities and flights grows even
moderately larger, the number of possible itineraries be-
comes astronomical. Even the best-known algorithms
running on the fastest supercomputers will fail to find
a solution. Moreover, mathematical analysis has shown
that the directed Hamiltonian path probiem is one of a

class of problems for which a truly efficient algorithm
will probably never be found.

Adleman’s DNA-encoded molecular computation of the
solution proceeded as follows,

For each of the four cities, a “DNA name” written in
the four-letter alphabet of DNA - A, T, G and C - was
chosen at random. The letters stand for the substances
adenine, thymine, guanine and cytosine, which from the
rungs joining the double-spiral structure of DNA and
carry genetic information. For example:

City DNA Name
Atlanta atgega

- Baltimore cgatec
Chicago geltag
Detroit gteegg

(In the actual experiment. Adleman used DNA nates
20 letters long rather than six, and seven cities rather
than four.) -

Nobel laureates James D). Watson and Francis H.C.
Crick showed that every strand of DNA has a “comple-
mentary sequence” that sticks to it (this is what gives
DNA its double-spiral structure). In the complementary
sequence, each A is replaced by a T, each T by an A.
each C by a G and each G by a C.

Hence, each of the cities also had a “complementary
DNA name”:

City DNA Name Comp. Name
Atlanta atgcga tacget
Baltimore cgatce gctagg
Chicago gettag cgaatc
Detroit gteegg caggec

For each flight, Adleman then created a “DNA flight
number” by taking the three letters at the end of the
DNA name for the departure city and attaching the
three letters at the beginning of the DNA name for the
destination. Thus:

Flight DNA Flight Number
Atlanta-Chicago cgaget
Chicago-Detroit taggte
Chicago-Baltimore tagega
Baltimore-Detrait teegte

*USC Chronicle Nov, 14, 1994



Rank Country Sum students Gold Silver Bronze
1 CHINA 736 5 3 1 1
2 CZECH REPUBLIC 715 5 4 - -
3 RUSSIAN FEDERATION 674 5 2 1 1
4 ROMANIA 285 4 1 3 .
5 IRAN 559 ) - 2 3
6 HUNGARY 557 3 3 -
7 UNITED STATES 551 5 1 1 2
8§ VIET NAM 516 5 - 2 2
9 LITHUANIA 515 5 1 - 3

10 POLAND 500 4 2 2
11 KOREA, REPUBLIC OF 500 5 | 2
12 FINLAND 498 5 2 2
13 BULGARIA 487 4 1 3
14 TAIWAN, CHINA 486 4 - 3 -
15 SLOVAKIA 470 4 2 2
16 BELARUS 468 5 - 1 2
17 ESTONIA 443 3 1 1 i
18 CROATIA 441 5 1 2
19 GERMANY 437 5 2 -
20 SLOVENIA 432 5 2 1
21 NETHERLANDS 409 5 2 |
22 HONG KONG 400 4 1 2
23 SINGAPORE 394 4 | 2
24 UKRAINE 383 4 - - 2
25 UNITED KINGDOM 380 4 1 l
26 SWEDEN 377 5 - - 2
27 SRI LANKA 373 4 1 i

28 IRELAND 361 i} - 2
29 SOUTH AFRICA 349 4 I i
30 THAILAND 334 4 - 2
31 LATVIA 318 4 2
32 DENMARK 286 4 1
33 LUXEMBOURG 268 4 - 1
34 JAPAN 267 2 1 1
35 SWITZERLAND 267 4 - |
36 AUSTRIA 251 4 - 1
37 TURKEY 220 4 - 1
38 COLOMBIA 192 4 .
39 MALTA 161 4 1
40 MEXICO 161 4 - -
41 TRINIDAD AND TOBAGO 154 4 1
42 GREECE 144 5 -

43 CUBA 139 1 1

44 INDONESIA 125 1 1

45 MACAU 123 4 - 1
46 CYPRUS 79 3

47 AZERBAIJAN 70 5

48 PORTUGAL 43 2 -

49 KUWAIT 33 3

50 ITALY 27 4 - - -
51 GABON 0 2



REPORT

A Report on the 101’95

Mohammad Ghodsi
Head of Computer Eng. Department
Sharif University of Technology
(email: ghodsi@vax.ipm.ac. ir)

The seventh International Olympiad in Informatics
(IOI'95) was held in Findhoven, The Netherlands, dur-
ing June 26 to July 2nd, 1995. Total of 51 couniries
participated. Indonesia and Gabon came for the first
time and Argentina and Mongolia were absent. The
Netherlands had invited all countries to take part in the
01’95 with 5 students provided the team is mixed. This
was to persuade girl participation in the IOI; in previ-
ous IOI’s teams could have had at most 4 high school
students.

The following students were members of the Iranian
team: ‘ ' ‘

Bavar, 4th grade, Sh. Danesh

1. Kamran

2. Roya Beheshti Zavareh; ;fith grade, Farzanegan,
Tehran: a '

3. Babak Farzad, 4th g—radg, Sh. Ezhee, Isfahan
4. Mehran Mehr, 3rd gfade, Allame Helli, Tchran

5. Roozbeh Pournader, 3rd gra.de, Adlameh Helli,
Tehran B

These students were selected after two rounds of Iran
National Cornputing Qlympiad in 1373 (INCO'73) and
after a training camp in Computer Engineering depart-
-ment of Sharif University of Technology. From 9200 stu-
dents wha took part in the first round of the INCO, 160
students succeeded to enter the second round. The top
eight students of the second round of INCO'73 competi-
tion went into a training program and after an intensive
education and competitions, top five students were se-
lected to form the Iranian team in the I0I'95.

The 101’95 competitions were held in two days, in the
first day, two programming task and one written {non-
programming) problem were given to be solved in 5
hours. The written problem was new in the IOI and
was very hard for most students; its description was 6
pages long and had 9 pages of documentation attached

toit! In the second day, three hard programming tasks
were given to the students to be solved in 5 hours.

The evaluation of the students’ program was completely
automated and done by another computer connected to
the student’s computer; each program was run with sev-
eral test data and its output was automatically checked
with the correct one. Student would get either full mark
for that test or zero.

Total of 210 students from 51 countries were present
m the JOI95; 27 of them were girls. Most of teamns,
specially ‘the good ones, had brought a complete team
of 57 '

As a tradition, about half of the students were awarded
medals in the closing ceremony. Here is the ranges of
the total scores for different medals:

Medal No score ranges:
Gold 20 151 ... 186
Silver- 35 120... 149
Bronze - 55 88 ... 18

And here is the results of our students:

1- Roozbeh Pournader, 132 from 200, Silver

2-  Mehran Meht, 131 from 200, Silver

3- Babak Farzad, 103  from 200, Bronze
4- Kamran Bavar, 97 from 200, Bronze
5- Roya Beheshti 96 from 200, Bronze

Only three ‘girls won -medal's; two from China who got
gold medals, and one. from Iran who got the bronze

‘medal.
“ There is no official ranking of the participating coun-

tries in any of the olympiad competitions; it is not their
policy to compare the countries. However, an unofficial
ranking is usually computed by ordering the teams on
the basis of the sum of the scores of the team members,
Here is this ranking for 101’05,

With many thanks to those involved in the education of
our youngsters — our potential future scientists.
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