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PhD thesis assessment for Ing. Ondřej ŠUBRr

To whom it may concern)

what follows is my assessment of Ing. Ondřej Šubrt's PhD thesis, as requested.

The thesis covers the design, implementation and optimization of severa] vital data acquisition components of the
COMPASS experiment at CERN. Ondřej's contributions to the iFDAQ system have been tested in the field over
the course of several years and yielded a remarkable improvement in the reliabiiity of the experiment's operation.
The designs and algorithms are presented in detai] and in accordance with standard software engineering practice.
The exposition will certainly contribute to the scientific understanding of dataflow optimization problems in the
context of high-throughput data acquisition systems, a topic of high contemporary relevance.

I have made a number of minor comments that you wiil flnd attached to this letter.

After taking al] of the above into consideration, I believe the goal of the thesis to have been achieved and
recommend it for defense.

Sincerely,

Pao}o Durante,
Staff Engineer -l

CERN/EP-LBC
(LHCb experiment, Computing group)



Comments

pg.19: "average maximum rate": either avcragc or maximum.

pg.20: "The Test Case" -+ "The Test Casc 2".

pg,22: "another dctcctors": anothcr is singular.

pg.22,. "íor ihe ALICE at CERN" -+ "for the ALICE experimcnt at CERN".

pg.23: "amount of collcctcd data is steadily incrcasing": please quantify.

pg.23: "upgradcs requircd duc to obso]ete technology": please elaboratc or reference upgrade publication, if any.

pg.23: "Nowadays, ,,. replacerrreltt fitrisites.": use presertt progressive terrse.

pg.23: "It is further dividcd": who? I assume "Thc DHC is further divided".

pg.24: I'he system is first described with 8 DHCmx and B storage nodes (1:1 ratio). the system actrrally insta]led
has a 25

pg.25: What is a spillbrrffer card? I assrrme some FPGA-bascd platíbrm. but that is not spccificd at this point.

pg.25: At wha,t stage cif the clata florv does the da,ta, fbrrrra,t translation ha,ppen? Is it requiled íbr bot}r stored
events and molritoled everrts? Dcies it affect the tlrroughput of t}re systern'1

pg.27: "thc IPC mechanisms": is plural, omit "the".

pg.27: Another question not in the 1ist: for a distributed application, do all systems usc compatible data
representations? (íbr example regarding word errdianness and, if applicable. floating point representation) DIM
supports mixing ]ittle- and big-endian systems for cxample.

pg.28: Thc "most basic vcrsion of UNIX" uscd STRtrANIS as its original IPC mechanism https://cn.wikipcdia.org/wiki/STREAMS
. Historically, this predates the implemcntation oí pipes.

pg.28: the distinction between "shared memory" and "mappcd mcmory" is not clear, I assume the second refers
to "memory mapped files"?

pg.30: "it's" is a vcrb, the posscssive form is "its",

pg.31: Have other industry-standarcl IPC libraries bccn considered bcfore deciding íor a rewritc? (e.g. ZcroMQ,
gRPC).

pg.32: "thc rcst system" + "thc rcst of thc systcm".

pg.32: Sincc thc samc "scrvicc" and "command" names are uscd in both DIM and DIALOG, and the second is
meant a,s a replacement of l,he íbrmer, it would be rrselirl to describe the differences between DIM services (and
commands) and thcir namcsakcs in DIALOG.

pg.32: When the Contro] Server rrrigrates to arrother nraclrirle. }row carr the clients find it? Arc t}rc spales stoled
in a ]ist that is shared to all processcs in advancc'/

pg.32: "It givcs ail thc DIALOG functiona}ity to an existing process just by inserting one or two ]ines of code"
since it is only a couple lines of code, maybe an examplc can be shown?

pg.32: Based on thcsc rcquircmcnts, out of all thc IPC primitives prcscnted in the previous section, which ones
does DIALOG use and why? I assume TCP sockets, but that is not mentioned.

pg.33: Even though the names are self-cxplanatory, no mention of the OutgoingThread and IncomingThread
objects appears before in the documcnt, add a íorward rcfcrence to Figure 3.5. Als<l it is only now mcntioned
that messages havc a hcadcr structurc, but such structurc is not described, add a forward rcfcrencc to pg.37,

pg.33: "or kill it if its behaviour is anoma]ous" : how can a control server kill a re mote process that is.not sending
heartbeats? (this mechanism is also mcntioncd at pg,34 but not described).

pg,34: How are malicious processes prevcntcd from connecting? Is some authentication mechanism involved?

pg,35: "the Control Server sends the message to the process, that it is not conncctcd and probably it wou]d likc
to connect.": what is the purpose ofthis? Is this a "revelse heartbeat" to detcrminc that the Control Servcr is
still running?

pg.37: trxplain why using pointcrs can improvc pcrfornrance.

pg.37: The different message types, their meaning and how they are processed could maybe be better described
as a table than as long text paragraphs.



pg.38: Receiver sockets are kept open unti1 shutdown by the sender process, is there a limit to how many can
be opened oI can a misbehaving sender over]oad the system by repeatcdly opening new sockets? In other words
are n and m constants? What are typical va]ues'/

pg.40: Since it does not appear in the XN{L, where is the data format of each servicc and command described?
In DIM, serviccs and commands have to provide type signatures when they are registered, does DIALOG have
an equivalent mechanism?

pg.42: In thc GUI, messagcs appear to be composed oí a binary header followed by a ' ',scparatcd iist of
strings. This data representation (and its rclationship with the format of the data on the wire) is not describcd
however.

pg.44: "transmition" -+ "transmission"

pg.44l45 "The development oíweb application should be finished in 2018 and deployment is planned in the
late 2018." "A dcvelopment of the DIALOG WcbSockets Daemon providing WebSockets interface is planncd for
year 2018": We are irr202I, are those datcs stil] accurate?

pg.45: According to the text, the g axis oí Figurc 3.10 should be mcssages pcr sccond.

pg,51: "Moreovcr, Goog}c Brcakpad requires the most recent version of C-1-* compiler and Python interpreter.
Unfortunatcly, such a requirement is not possible to meet in the COMPASS experiment.": since C++ is designed
to be forwards-compatible, it would be relevant to describe why upgrading the compiler was not possible.

pg.53: According to the text, the system is deployed without optimizations to simplify debugging. It would be
very relevant to comparc thc performance of the systcm with and without optimizations in order to quantiíy
t}rc cost to be paicl íbr bcttcr crbscrvability oť thc systcm. If the per,íbrrrlance tradeoíf is negligible it slrou]cl bc
mentioned.

pg.58: Givcn that this is based on Qt's signal/slot systcm, and given ihai Qt providcs several types of signal/slot
conncctions in multithreaded environments ("auto", "dircct", "queued", "blocking", "unique"), it would be
relevant to specify which type oí connection is being used bctrn.een cach thread subclass instance and the debugger
and why.

pg.61: This reads like memory corruption in one machine would require the reboot of al1 rcadout computers, if
that is thc case, explain why.

pg.65: "Recently, a stability of DAQ has become a vital precondition íor a successful data taking in high-cnergy
physics experiments.": arguably, it has always been important and not only recently.

pg.65: "malicious" implies irrtentinnal harm, tinless someonc was active]y sabotaging the DAQ system a, t]iffercnt
word shou]d be chosen.

pg.65: "The state with the continuously running iFDAQ is about to achieve.": confusing sentence, what is the
subject and what is being achieved?

pg.65: "is used to initiate".

pg.67: "usclcss" + "unnecessary",

pg.67: "to safe" ,+ "to s.ave": saíe is adjcctive, save is verb.

pg.67: "to do" + "to bc donc".

pg.72: "exccutcs a DIM command": probably a DIALOG command?

pg.74: "for a detcction of a ncw run detection" -+ "for a detection oí a new run".

pg.74: "Apparently" -+ trvidently/Obviously/Naturally.

pg.78: "flows varying from 0 B to 10 kB": kB is a scalar, not a flow, I would assume the unit to b9 kB/s (this
applies in general throughout the document, for ex, Table 7.1 at pg.135)

pg.87: Listirr g 6.1,^ 6.2,6,8, the fiborracci 1irrrctiorr is starrdalorre arrcl the 1isting can t-,c sirrrplified by lemtlvilrg
the Qt dependency altogether.

pg.96: "The key question being still remaining not answered" -+ "The key question still not answered".

pg.104: z and z* are oniy defined in a table at pg.16 but noi when introduced in the text itself.

pg.109: "we1]-know" -) "well-known".

pg.109: "Thus, the best solution of a given problem can be íbunri." : it is not guarantecd to find the best sojrrtion.

pg.109: "The theory of natura] se]ection says that stronger and more powcrful individuals have bigger chancc



to survive": it does not sclect fot strength, but rather for fitness.

pg.109: "In general, such a stronger individual is usually faster, morc intclligent or more powerfu] than its
compctitors.": same as above.

pg.111: "Mutation operator is abie to return back va]uc of clement already lost.": unclcar.

pg.119: "he" -+ "it" or "they" (use agcndcrcd singular pronouns for agent and player).

pg.120: "In order to update the value oí Q(a)": I bc]icve that rcfers to QQ) (since Q(o) is unknown and
unknowable).

pg.120: "One srrch an efficient a,lgorithm": "one" and "an" are redrrnclant t,ogether, rrse just "an eíEcient
algorithm".

pg.I22: "Apparently" + Evidcntly/Obviously/Naturally.

pg.I24: A step oí the algorithm is sometimes denoted as k and sometimcs as s) a uniform notation would bc
preíerable. This would also avoid introducing a ncw 9 variable in 6.64, since the next state after stcp k is already
defined on the previous page as rk+1.

pg.L24: Q* is not defined (except in a tab]e 100 pages away from this page), I can assume from previousiy
established convcntion that is rcícrs to "the optimum Q", but an explicit mcntion would be preferable.

pg.727: Symbol / is used to denote both flows being allocated, ani1 the function determining state transitions.
using a different letter íbr one oí the two would be ]ess ambiguous.

pg.132: "The learnt values in the lookup table can bc uscd unless" + "can be rcused until".

pg.137: "Thc C++ cxccrrtions arc slightly íástcl,than tlte execrrtiorrs in Matlab, however, the difference is quite
]ow": wclu]d be better tcl quantiív this conrparisorr, also at first sight t}ris ]ooks 1ike a 30% r]ifference, not quite
so irrsigrrificartt.

pg.138: "the implementations in both programming languages use thc intern built-up ILP soiving ]ibraries" -+

"the built-in ILP solving libraries" (same at pg.la6).

pg.139: "To concludc, ILP prcparcd thc bcst possible LB for thc Test Case 1": as evidcnced by other implemen-
ta,tions, there are multiple globally optimal solutions, so ILP did not find "the best" solution but one possible
optima1 solution.

pg.139: "larger tcst cases - the Test Case 2 and Test Case 3 - shrlw how poor performance": only Test Case 1 is
mentioned up to this point, preferably add a fórward rcfcrcnce pointing to where these results can be found.

pg.141: "to demonstratc how wcll-designcd the MDE algorithm is proposed" -+ "to demonstrate how well-
designed the proposed MDtr algorithm is".

pg.I42: "Thereforc, the mutual comparison reaches 73060l73060 - 100.00%": however according to table 7.8

the RL crror is not always zcro.

pg.t42: "Unfortunately, there are no pointers in Matlab and therefore, the submatrix must be always copied to
perform a particular mathematical operation": the statcmcnt is too broad to be generally valid, to the extent that
Matlab operations can be (and oftcn are) internally implementcd in native languages (C, C++ or FORTRAN).

pg.146: "it is necessary to adjust slightly the ILP model for LB to be less strict]v": use "sttict", "strictly" is
adverb.

pg.I47: What does the Tollnteger parameter contro]?

pg.158: When defining which algorithms arc srritable for running online at COMPASS" what is the thrcshold
abovc which a solution becomes too slow to be considered íor rea]-time use?


