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1 How do submissions via TUMexam work?

TUMexam offered an online review system for written examinations for many years, which has now been
replaced by a new interface that also allows to download examination templates (problem statements) and
subsequently submit scanned or digitally edited versions of those exams. TUMexam therefore became a
platform that supports both remote and on-site examinations as well as homework submissions. A supervision
of remote exams is possible through third party tools such as BigBlueButton1.

The features for (optional) online reviews of exams are fully integrated into our new submission platform.

1.1 Concept

A submission goes through multiple steps that are visualized in Figure 1.1. The working period corresponds to
the time frame you are allowed to take an exam, i. e., filling solutions. For homeworks that time frame may be
multiple days. For a written exam it may be, for instance, 90 min.

working period

submission period upload period correction review

1 2

1

2

announcement of new and update of existing submissions still possible

only upload of previously announced submissions possible (prevention of further modifications)

Figure 1.1: Different steps of a submission (release to correction)

The submission period is the time frame within which TUMexam accepts a new or modified submission. In
particular for written exams, it should be an extension over the working period to give you enough time to scan
your working sheets and announce the upload on the submission page. This extension is marked by 1 in
Figure 1.1.

� The extension 1 is, technically speaking, not different from the working period. It is the additional
time the examiner grants you to prepare your documents for upload and hit the Upload button. It is our
recommendation that at the beginning of this time, you immediately start preparing your documents and
you upload a first version of them. In case you complete the upload process and find that you have
remaining time, you are free to use this time to improve your solution and upload again. Of course it is
your decision whether you follow this recommendation or not. However, we strongly advice you to start
preparing your documents early since late submissions are not accepted.

It is not necessary that the upload completes within 1 but merely that the submission is announced to TUMexam.
This works as follows:

1. When to click Upload on the submission page, cryptographic checksums of your documents are calculated
locally on your computer and submitted to the server. The server then assigns you a position in the upload

1https://bbb.rbg.tum.de (The RBG instance of BBB requires an account at the Departments of Informatics or Mathematics)
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queue before the actual upload begins. If you change anything in your documents, the checksums will
change.

2. Once the server receives the checksums, the submission is announced, i. e., you may restart the upload
of the exact same documents at any time until the upload period 2 has ended. For instance, if your
computer crashes while waiting for the upload to finish, you may simply select the same files and start the
upload again.

3. Within the whole submission period, you may discard an old submission at any time by uploading new
files. Once the submission period has ended, new documents are no longer accepted.

� Your submission must be announced to the server until the end of the submission period. Modifications
after that deadline are then detected due to changes of checksums and rejected.

During submission of homeworks you probably never notice that the server assigns you a position in the upload
queue. However, during an exam with severely limited time, we expect a high number of submissions within
a couple of minutes. In this case, the submission frontend will display the position in the waiting list, which is
updated at least once every 25 s. Do not reload the submission page while waiting for the upload.

� Comparing the process to an exam written on-site, the working period corresponds to the regular time
to solve problems just as if you were in a lecture hall. Early submissions are possible at any time. The time
interval 1 that the submission period extends over the working period is somehow comparable to the time
it takes to collect exams on-site. Although forbidden in many cases, supervisors have a hard time to keep
you from continue solving problems while the exams are collected. For remote exams, we do not even try
to do that but explicitly warn you that any new or modified submissions after the submission period has
ended are rejected.

1.2 Login and upload

The submission system is only accessible via personal links that are either published in TUMonline or Moodle.
In some cases, the link may be sent via email, e. g. if you do not have access to TUMonline for some reasons.

� Do never share your personal link with others. It associates you with all examinations of the respective
lecture (homeworks, exams, etc.).

� The screenshots in this document may be based on preliminary versions of the submission system.
Therefore, they may differ in details but should give a rather good impression.

With this link you reach the login screen of the submission frontend. It asks you
to enter your matriculation number (including the leading zero). This is not meant
as an additional security factor. Security solely lies in the personal link which
is virtually impossible to guess. However, there are some cases where this link
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cannot be published in Moodle (e. g. for pupils starting early at TUM). In such
cases, the link may be sent via email and an additional passphrase (instead of
the matriculation number) may be agreed on. This gives us the flexibility to serve
students without access to official TUM platforms.

After login you see an overview of all examinations in the given lecture, which
may be homeworks, programming tasks, written examinations and, of course,
also examinations that take place on-site only and listed here only for the purpose
of online reviews. When you select an examination, you reach a subpage that
– depending on the current state of the exam – allows to download the problem
statement, accepts submissions, is disabled since grading is in process, allows
the online review, or just gives you the possibility to download the corrected exam and an optional solution
proposal.

(a) Active submissions (b) Upload documents

(c) Queue slot (only in case of high server load) (d) Display of processed document

Figure 1.2: Submission process
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2 Editing submissions

In general, you have the freedom to either edit the exam template digitally on a computer or tablet, or to print it,
write on it as you would do on-site, and then digitalize it again. In the following we discuss both options and give
hints for applications for all major operating systems how to efficiently edit and digitalize your submissions.

2.1 Digital editing

We recommend to solve the exam on your computer or tablet whenever possible. If you have a printer and a
scanner (preferably with an automated document feeder), the analog way is probably a good alternative. Even
a smartphone may be used as scanner. However, it requires some practicing to scan documents using the
camera of your mobile phone. See Section 2.4 for details.

TUMexam templates now offer text input forms that allow you to enter text using a keyboard. Depending on
the problem statement, additional editing options such as marking areas or drawing geometric shapes may be
required. The most convenient way for that is probably pen input, allowing you to write the exam as you are
used to. There are, however, different PDF applications available for all major operating systems that allow for
easy annotation of PDF files even without pen input. If you are forced to use your keyboard as primary input,
you may use LATEX pseudocode such as \sum_i=1^N = N*(N+1)/2, which is not typeset but can be read and
understood by correctors.

� It is important to know that TUMexam relies on the processing of images (JPEGs), not PDF files. We
therefore convert a submitted PDF page by page. This precludes specific types of annotations such as
comments that are saved in the PDF and only become visible when you click on them. For the same
reason, text in input forms must be completely visible and must not extend over the limits of the text box.
Figure 2.1 illustrates both cases.

� Important: Some PDF editors (e. g. Preview under macOS or Google Chrome) that use proprietary
PDF extensions that cannot be processed correctly. The result are vanashing text inputs after uploading
your submission to TUMexam.

The simple workaround is to print the document to PDF, i. e., open the printing dialog in your editor and
select “save as PDF”.

2.2 Recommended applications for digital editing

The following list of recommended applications for digital editing is not complete. But it should give you a good
starting point. You are free to use different programs, but you should test them before an examination to ensure
compatibility. It is important, that you find a personal and efficient way to edit the exams.
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Ë
(a) Correct input for a text field

é
(b) Incorrect input: the text not visible here is lost when converting the page

é
(c) Incorrect input: the text saved within notes is not visible and is thus lost when converting the page to an image

Figure 2.1: Examples for correct and incorrect text input
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� You must not convert the supplied PDF files into different formats such as OpenOffice or Microsoft
Word. Even if converted back to PDF, it would probably destroy the layout and credit boxes or codes would
no longer be at the expected positions. Such submissions are likely to be impossible to process.
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2.2.1 macOS

Preview is an application integrated into macOS and thus free of charge. Native text input fields are supported
as well as highlighting and drawing. Please note the official documentation2.

� Important: PDFs saved on macOS cannot be processed by TUMexam due to proprietary layers in the
PDF (text input disappears). The simple workaround is to either export the PDF by clicking “File” / “Ablage”
→ “Export” / “Exportieren” or to print the document to PDF.

Ë built-in PDF application

Ë supports native text input fields

Ë supports highlighting and drawing

Ë no additional charge

Skim is a free PDF viewer for macOS. It only supports native text input fields. Drawing is not possible, which
is why we assume that it is less useful here.

Ë free of charge (can be installed via Homebrew cast)

Ë supports native text input fields

é no pen input

Foxit Reader is a PDF viewer and annotator available free of charge. A significant feature is that text super-
and subscripts are possible using keyboard input only, which can be useful for math input.

Ë supports pen input and free-hand drawing

Ë support highlighting

Ë free of charge

é no support for native text input fields

2.2.2 Windows

Edge Browser is the default web browser shipped with Windows 10. Surprisingly, it offers diverse options for
editing PDF files: it supports the native text input fields as well as pen input and free-hand drawings. During
our tests, we had the impression that the user interface was a bit sluggish, but that may have been due to
virtualisation of Windows.

2https://support.apple.com/de-de/guide/preview/prvw11580/mac
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� Checking boxes does not work as expected: although no checkmark is visible, it seems to be saved in
the PDF. Therefore, do not use your mouse to check boxes but rather draw a cross as you would do with a
pen.

Ë supports native text input fields

Ë supports highlighting

Ë supports pen input and free-hand drawing

Ë no additional charge

é checkboxes do not work correctly

é user interface may be a bit sluggish

Drawboard PDF is a third-party PDF annotator for Windows that supports text input fields as well as pen input.
As of May 20, 2020 a free version3 of Drawboard is available.

Ë supports native text input fields

Ë supports highlighting

Ë supports pen input and free-hand drawing

é payware (free essentials version available)

Adobe Acrobat Reader is the free PDF viewer offered by Adobe. It only supports the native text input fields.
Since no other input options are available, we assume that it is of less importance.

Ë supports native text input fields

Ë free of charge

é no other input methods available

Foxit Reader is a PDF viewer and annotator available free of charge. A significant feature is that text super-
and subscripts are possible using keyboard input only, which can be useful for math input.

� Test this annotator beforehand in a demo exam! There is a problem resulting in vanished problem
statements we were unable to reproduce so far.

Ë supports pen input and free-hand drawing

Ë support highlighting

Ë free of charge

é no support for native text input fields

é must be tested beforehand

3https://www.drawboard.com/blog/drawboard-pdf-essentials-now-free
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2.2.3 iOS / iPad

Goodnotes is, according to our experience, the best application to write on PDFs as if they were a piece of
paper. It offers virtually all options you have when writing on real paper. Saving and exporting documents is
easy and works flawlessly with the submissions system. Unfortunately, it is not free of charge.

Ë very good for handwritten annotations

Ë supports any kind of highlighting

é no support for native text input fields

é payware

Notability is an alternative to Goodnotes, which is also not free of charge.

Ë similar feature set to Goodnotes

é no support for native text input fields

é payware

iOS PDF Editor is integrated into the “Files” app of iOS and thus free of charge. It offers a similar feature set
to Goodnotes and Notability, but working in documents does not feel as good as in those third party applications.
Note: it does not differentiate between pen and finger input, i. e., to scroll in the document you have to use
gestures using multiple fingers.

Ë good input options

Ë highlighting possible

Ë free of charge (app integrated into iOS)

é no support for native text input fields

Foxit Reader is a PDF viewer and annotator available free of charge. A significant feature is that text super-
and subscripts are possible using keyboard input only, which can be useful for math input.

Ë supports pen input and free-hand drawing

Ë support highlighting

Ë free of charge

é no support for native text input fields

� You should avoid the following applications:

é OneNote App The OneNote app on iOS does not implement a page break mechanism, thus you
would have to take care of that yourself. If you don’t do this, your submission will contain all pages in a
single image, making it impossible for the backend to recognize the page codes. Do not use OneNote.
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2.2.4 Linux

Xournal may be the best PDF application for this use case under Linux. It allows drawing even without pen
input – either by drawing freehand with a mouse or by using geometric shapes. In addition it allows to insert
images. The only disadvantage is that text input fields are not directly supported, i. e., you have to enter text
using the text input feature of Xournal instead of simply clicking into a solution box.

Ë supports input by pen, mouse, and keyboard

Ë offers functions to highlight areas in a PDF

Ë allows to insert images

Ë free and open source

é no support for native text input fields

Evince is primarily a PDF viewer, which supports native text input fields just like Acrobat Reader for Windows.
In addition, it allows to highlight text. However, these markings cannot be freely placed. PDFs cannot be edited
in other ways, which is why we assume that Evince is less suitable.

Ë supports native text input fields

Ë allows to highlight text

Ë free and open source

é no pen input and no free-hand drawing possible

Foxit Reader is a PDF viewer and annotator available free of charge. A significant feature is that text super-
and subscripts are possible using keyboard input only, which can be useful for math input.

Ë supports pen input and free-hand drawing

Ë support highlighting

Ë free of charge

é no support for native text input fields

2.3 Editing on paper

As an alternative, you may print your exam, solve the problems on paper as you are used to, digitalize (scan or
photograph) it, and submit it.

� At the moment, the submission must be the template provided to you. It is not possible to use arbitrary
paper.

To scan the submission, you should use a scanner if possible, but there are alternatives: you may use
applications on you smartphone to create sufficiently good document scans that fulfill the following criteria:

• scans must be free of perspective distortions, i., e., you must not submit skewed images

• pages must be complete, all three codes must be clearly visible

• pages must not have an additional border (in particular not the surrounding table)
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2.4 Recommended application to scan documents

Some examples of smartphone apps you may use to scan your documents are listed below. The list is not
meant to be complete. If you have additional suggestions, feel free to write us at support@tumexam.de with a
short description and advantages/disadvantages of the respective application.

2.4.1 Android

OfficeLense is a free app by Microsoft to scan documents. It automatically recognizes a sheet of paper on
a desk and removes the background. However, it requires some practicing to make suitable scans without
skewing. Scanned documents can be saved as PDF in the file system of your smartphone or on Google Drive
and uploaded to TUMexam from there.

Ë automatic recognition of documents with background removal

Ë few perspective distortions when used with care

Ë pages can be combined as PDF and uploaded

Ë free of charge

é requires some practicing

2.4.2 iOS

Notes is included in iOS / ipadOS. Up to date versions support a convenient way to scan documents page
by page. Note that you may have to decrease the resolution of images since documents with eight pages
and more may exceed the upload limit of TUMexam. See the official Apple website for more information:
https://www.icloud.com/notes/062g2ryNb-flYBblpe1tR9tBA

Ë quick scan of multiple pages

Ë generates multi-page PDFs

Ë free of charge

é requires some practicing, in particular how to access the scanned document as PDF

Genius Scan is a well-performing scanner app for iOS. The basic version is free of cost and should be
sufficient for scanning exams. Documents can easily be exported as PDF. However, it is important to disable the
post-processing filters.

Ë pretty good results if filters are disabled

Ë document can be exported as PDF

Ë basic version is free

� The post-processing filters must be disabled under settings → General → Default filter → None
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Notes is integrated into the Notes app of iOS. Since iOS 13, it includes a feature to scan documents. The
results are pretty good. Unfortunately, exporting the PDF results in a white border which may cause issues
during image recognition.

Ë pretty good results

Ë few perspective distortions

Ë document can be exported as PDF

Ë free of charge (integrated into iOS)

é additional white borders during PDF export cause trouble during image recognition

U available since iOS 13
Notes: the document scanner can be reached via the “Files” app

� You should avoid the following applications:

é CamScanner The CamScanner app uses image postprocessing that tends to remove page codes and
decrease image quality—the results look like a fax and cannot be processed by our backends. Do
not use CamScanner.
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3 Code of conduct und signature

� Please note that details regarding that code of conduct may slighlty differ from examiner to examiner. If
there are no different instructions provided, use the following information as a baseline.

For remote examinations and on-site examinations without attendee control, you are required to provide a
signature on the title page. With that signature you assure that

• you solve the the problems of the respective examination yourself,

• you solely use the allowed tools listed on the title page, and

• you submit the exam for yourself.

Figure 3.1 shows the signature field at the top of the title page of your exam.
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Chair of Network Architectures and Services
Department of Informatics
Technical University of Munich

S5001

Personal sticker
Compliance to the code of conduct
I hereby assure that I solve and submit this exam myself under my own name by only using the allowed
tools listed below.

Signature or full name if no pen input available

Basics of TUMexam

Exam: IN0000 / Endterm Date: Friday 1st May, 2020
Examiner: Prof. Dr.-Ing. Georg Carle Time: 13:00 – 14:00

I

P 1 P 2 P 3 P 4 P 5 P 6 P 7

Working instructions
• This exam consists of 20 pages with a total of 7 problems.

Please make sure now that you received a complete copy of the exam.

• The total amount of achievable credits in this exam is 82 credits.

• Detaching pages from the exam is prohibited.

• Allowed resources:

– one non-programmable pocket calculator

– one analog dictionary English↔ native language

• Subproblems marked by * can be solved without results of previous subproblems.

• Answers are only accepted if the solution approach is documented. Give a reason for each
answer unless explicitly stated otherwise in the respective subproblem.

• Do not write with red or green colors nor use pencils.

• Physically turn off all electronic devices, put them into your bag and close the bag.

Left room from to / Early submission at

Exam empty – Page 1 / 20 – IN-BT-X-20200501-E5001-01

Figure 3.1: Example for the signature field on the titlepage of an exam

If you do not sign this field as required, your exam will not be graded. We point out that violations against this
code of conduct may have severe consequences, e. g. failing the respective examination or even being excluded
from your course of study.

� If you are allowed to take the exam remotely without pen input, please enter your full name by keyboard
instead of the signature. In those cases we consider your name as proof that you read and understood the
rules.
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4 What you must not do

This section illustrates some of the common mistakes made during submissions. The subsequent pages shows
some examples of problematic submissions. Of course the subsequent pages do not contain a complete list of
possible mistakes.

Problematic submissions cannot be handled by the automated TUMexam process, but require time-consuming
manual handling and decision making whether or not the submission is considered to be a submission of
sufficient quality.

While some less severe problematic submissions (minor problems) can be handled by your examiner, more
severe problematic submissions (major problems) cannot be handled by your examiner but would need be
handled in an even more time-consuming process by the TUMexam team. We therefore ask you to make a
strong effort to avoid problematic submissions.

In case of less severe problematic submissions that can be handled by your examiner, it will be decided by your
examiner whether or not she considers this submission to be of sufficient quality. In case of a more severe
problematic submissions that required manual handling by the TUMexam team, the TUMexam team will make
the submission accessible to the examiner together with an assessment whether or not the submission is
considered to be of sufficient quality, and whether the cause of the problem is assumed to be in the responsibility
of the student.

According to our experience up to now, the large majority of students had no problem in uploading submissions
of sufficient quality. About 98 % of the submissions were automatically processed without any problem. Of the
remaining 2 %, about 1,3 % of the submissions had minor problems an examiner was able to fix easily, while
about 0,7 % had major problems, of which examples are shown in Figure 4.1.

It is critically important that pages do not contain page codes of other pages. An image like that in Figure 4.1c
cannot be processed by TUMexam, as it contains all pages of the submission in a single image. This submission
was produced using the OneNote app on iPad, which does not implement page breaking and is therefore
completely unsuitable for producing valid submissions. Do not use the OneNote app!
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(a) The scan is sharp but skewed such that page codes
cannot be recognized.

(b) The scan is skewed, bottom page codes are re-
moved, and it looks like a fax due to post-processing by
CamScanner. Do not use that app!

(c) Pages must not contain page codes of other pages.
Screenshots like this will be rejected during image pro-
cessing on our backends.

(d) The text is readable, but page codes are not. Such
scans are likely to be rejected.

Figure 4.1: Examples for unacceptable scans – if everyone would submit things like that, it would not work!
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