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Annotasiya. Ochig manbali dasturiy ta'minot va bulutli hisoblash tizimlari tibbiy
axborot tizimlari va teletibbiyotni o'gitishni ganday qo'llab-quvvatlashi hagida
munozara. GNUHealth-ni taklif gilingan model yordamida joylashtirish tagdimot
magsadlarida amalga oshirildi.
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Annotation. A discussion on how open-source software and cloud
computing systems can support the teaching of medical information systems and
telemedicine. A deployment of GNUHealth using the proposed model was done
for the purposes of the presentation.
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Introduction. Teaching students about the possibilities and practice of
medical information systems has technical barriers that were historically difficult
to overcome. One of these is the lack of uniformity of these information and
communication systems, which makes teaching them different than teaching
Excel, for example. However, one of the most important ones is student access
to industrial-power software. The reasons for this are many: the cost of such



software, which can be prohibitive for universities, and the need for computational
infrastructure in-site. This also impairs the teaching of telemedicine, since the use
of a common information system is fundamental for the efficient usage of
remotely-obtained data, registration of diagnostics and following of the patient.

The first problem, that of cost, can be overcome by using free or open-
source software, of which there are several options, such as GNUHealth, which is
versatile enough to serve as a base for many types of classes. But this doesn’t
solve the problem of deployment, since these software tend to be managed by
non-profit organizations who do not offer a hosted solution.

However, nowadays many cloud computing platforms have free tiers for
software. Usually, these tiers are not recommended for real-world usage, such as
the management of a hospital or a clinic, but they are sufficient for usage in the
classroom. The fact that they can be easily replicated means different institutions
can share common code. The fact that they can be easily reset is convenient for
erasing old data between semesters. Many platforms such as Heroku, Fly.io,
Netlify, Cloudflare, AWS and Google Cloud can be suitable for such tests, the
choice will depend the needs of the application in hand.

In the following, I will describe the procedure for the deployment of
GNUHealth. GNU Health is a health and hospital information system with focus
on public health and social medicine. It is used, for example, by the United
Nations University. It is split in many modules, with functionality ranging from
the management of electronic health records, account management, to laboratory
information management system.

An example application of this concept using GNUHealth can be found at

https://github.com/guarage/gnuhealth-nix-docker.
Usage in the classroom. The most important aspect of these software is how can
it be used in when teaching. One of the advantages of students having direct access
to software in the classroom is that both teaching and evaluation can be
constructive. That is, one can teach students by building something together, and
one can evaluate students by their capacity of building things. This is both useful,
since it approaches the classroom to actual practice, making sure that the student
understands how the fundamental concepts of these systems are put into practice,
and also convenient, since evaluation can be less subjective. For example, one can
build a middle-term of final exam by establishing some task, splitting it into
achievable, concrete and observable sub-tasks, and attribute points to each of
these.

As soon as the software is available for students, many possible class
arrangements are possible. For example, students may either share a common
account, which removes preparation overhead for classes, or have personal
accounts that allows one to trace their actions, which is convenient for
evaluations.

When one uses software that is modular, containing different parts that have
different uses, one may base lectures around these parts. Each module has a utility,



that is, it solves a problem. This problem should presented to the students, and the
practice should show how the problem is solved. For example, in a class one may
teach the usage of a personal medical history by focusing on the corresponding
software module.

Deployment pattern. The most common software deployment pattern nowadays
is the usage of Docker images. Docker images are self-contained computing units
that contain the software that is to be run, as well as all its dependencies. They are
popular because deployments are easy to reproduce — to create a new deployment,
one can use the same base Docker image, with different configuration, and obtain
a new running server. This is interesting in the context of education because that
allows departments in different universities to share the same base software and
deployment code, reducing the need for redundant work, while maintaining
different deployments suitable for their needs.

There are different ways to create a Docker image containing the desired
software. It can be done either manually, by running Docker commands, or using
Dockerfiles that contain the commands that must be executed to generate the
image in a more reproducible way. Both of these approaches depend on the
environment where such commands are being run, the OS version of the user, and
so on. To offer a higher degree of reproducibility, one can use Nix to define the
dependencies of Docker images.

Therefore, the procedure that | propose, and that | used for GNUHealth, is:

1. Package GNUHealth using Nix for reproducible building.
2. Build a Docker image using the dependency closure of the
software.
3. Deploy this Docker image to the cloud platform using the
suitable database configuration.
Procedure details. In this section | will give more details on what each one of
these steps imply.

The first step is packaging GNUHealth using Nix. Nix is a package
manager that offers complete build reproducibility for software packages. In order
to obtain such reproducibility, one must define explicitly what are the
dependencies of the software that is being packages. While most modern
programming languages have lockfiles that make this work simpler, this is still a
work-intensive activity for many packages. For example, for GNUHealth, it took
me around 12 hours. However, when the work is done, it is guaranteed to be
reproducible, and updates are simpler to manage, since one only needs to verify
the software’s changelog to determine whether dependencies changes are needed.

In this packaging step, it is important to make available for users the
configurations that will be needed so that different deployments can be done using
the same package. For example, one shouldn’t hardcode the address of the
database, since this would make the package not useful for other people. However,
this can be done progressively, as the need for flexibility arises.



The second step is building the Docker image. In most setups this would
imply determining the steps needed for the building the software in a way that is
appropriate for Docker. However, using Nix, this is trivial (REF) and is defined
by a file with a few dozen lines. Once more, most configuration should be
available at this step, so that users can just change one command to satisfy their
deployment needs.

Finally, one needs to deploy this Docker image. For this, one needs an

account at the cloud computing platform and name the app. This will determine
the address that will be used by students and staff to access the software, so it is a
good idea to prepend it with the name of the institute. For example tdsi-gnuhealth
is both explicit and easy to remember.
Conclusion. Modern cloud computing and open-source make server-based
software more accessible to regular users, without the need for expensive
infrastructure. As teachers, we can take advantage of this to make classes more
participative and show students what is possible with modern technology.
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Annomayusn: XXI| asr axborot texnologiyalari va innovatsiyalar asri. 1lm-
fan va xalq xo‘jaligining barcha sohalarida eng yangi texnologiyalardan keng
foydalanilmoqda. Zamonaviy ta’lim, jumladan, oliy ta’lim ham bundan mustasno
emas. Bu axborot texnologiyalarini to'liq go'llashni talab giladi. Zamonaviy
tibbiyot bugungi kunda zamon bilan hamnafas bo‘lib, diagnostika va davolash
sohasida ham, kadrlar tayyorlashda ham eng yangi axborot texnologiyalaridan
keng foydalanmoqda. Har bir mutaxassis 0°z sohasining professionali bo‘lgani
uchun kompyuter texnologiyalaridan foydalanish ko‘nikmalarini mukammal
egallashi, amaliy va maxsus dasturlarni o‘z faoliyatida to‘g‘ri va o‘rinli qo‘llay
bilishi kerak. Bu esa, tibbiy ta’limda kompyuterlardan keng foydalanishni taqozo
etadi.

Kalit so'zlar: oliy ta'lim, zamonaviy tibbiyot, kompyuter dasturlari,
internet resurslari, Pirogov jadvali, 3D portlar.

COBPEMEHHBI IMTOJXO0/I K N3YUYEHWIO MEJIUKO-
BUOJIOI'NMYECKHUX HAYK
Aboyeanuesa I11.X.
Cmapwuit npenooasamenvb Kagheopvt ouogusuku u uHGopmauuoHHbIX
mexnonozuut TI'CH
e-mail: Abduganieva72@mail.ru
Annomayun: XX| Bek — BeKk HUH(GOPMAIIMOHHBIX TEXHOJOTHH U
MHHOBalMii. Bo Bcex oOTpacisiXx HaykKu M HApOJHOIO XO34MCTBA IIUPOKO
MPUMEHSIOTCS HOBelne TexHonoruu. CoBpeMeHHoe 00pa3oBaHKe, B TOM YHUCIIE
U BBICIIee oOpa3zoBaHue He HCKIoueHue. OHO TpeOyeT MOTHOrO0 MPUMEHECHHS
nHOpMaIMOHHBIX TexHoJoruid. CoBpeMeHHasi MEIWIIMHA, CETO/IHS IIaras co
BpEMEHEM B HOTY, IIUPOKO WPHUMEHSET HOBeWIne WHPOPMAIMOHHBIC
TEXHOJIOTHH KaK B cepe TUArHOCTUKH U JICYCHUS, TaK U B TIOJITOTOBKE KaJIPOB.
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