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CHUCTEMHE KEPYBAHHS BEB-CEPBICOM HHEHTPAJII30OBAHOI'O
CHUHTE3Y KOH®ITYPALIH JJIA TJIIC!

Abstract. The study examines aspects of system-level management of
centralized FPGA's bitstream synthesis and the capabilities that can be provided by
additional features designed to increase the manageability of such systems.

Beryn

[Iporpamua peanizaiis CKIQIHAX 3ac00iB iH)OpPMAIIIIHHOT OE3MEKH, TAKUX K
CHCTEMH BUSBIICHHS! BTOPTHEHb, CTAE IIOAHS OLIbII MPOOJIEMaTHIHOIO y 3B’ 3Ky 31
30UIBIICHHSM YHCIa 1 CKJIaJHOCTI KOMII'IOTEpHHX arak, a TaKoK depe3
NPUIUHEHHS 3POCTaHHS YaCTOTH YHiBepcalbHUX MikpomnponecopiB. L{i YMHHUKH
3MYIIYIOTH pO3POOHUKIB 3BEPTATHCS J0 pillleHh Ha 0a3i MPOTpaMOBAHUX JIOTIIHHX
inrerpansanx cxem (TIJIIC) [1].

Haiibinpm cximagHor0o B OOYMCIIOBAIBPHOMY CEHCI (PYHKITIEI0O MEpeKHHUX
CHCTEM BWSBICHHS BTOPTHEHb, aHTHBIPYCHHX (ITBTPIB Ta IHIINX CHTHATYPHUX
3ac00iB 1H(OPMAIIMHOTO 3aXKCTy € 3agada pO3IMi3HABAHHSA O3HAK INKIIITUBOT
AKTHBHOCTI B IHTEHCHBHOMY IIOTOI JaHMX B peajgbHOMy uaci [2]. EdexrusHo
peanizyBaTd IO 3amady J03BOJIIE IPOTrpPaMOBaHa JIOTIKA 3aBISKH BHCOKIH
THYYKOCT] y MO€THAHHI 3 IIBUKOJIEI0, OJIN3BKOIO JI0 arnaparHoi.

AJe Tpu NMpakTUYHOMY BHKOPHCTaHHI MPOTrPaMOBaHOI JIOTIKM BHHHKAIOThH
MEBHI TpyAHOII. ba3u JgaHuMX cucTeM BUSIBICHHS BTOPTrHEHb Ta aHTUBIPYCIB
MOCTIIfHO OHOBIIOIOTHCS, TOMY PECYPCHOMICTKY MpPOLENypy HEepernporpaMmyBaHHs
MOTPiOHO TMOBTOPIOBATH IIICHISl KOXHOTO JIOA@aBaHHS y 0a3y HOBHX CHIHATyp, a
TAaKOX ITIpH 3MiHI TMapamerpiB (yHKIiOHyBaHHS iH(opMmariifHoi cucremu, IO
3aXUINAETHCA. 3 1HIIOTO OOKY, MPOIEC PO3POOKH Ta KOHQIrypyBaHHS armapaTHOTO
mpuctporo Ha 6a3i [UIIC e ckmagHOIO Ta pecypcHOMICTKORO 3amadero. KopucTyBadi
cucteM iHpopMaliiiHOT Oe3neku (CHCTEMHI aJMIHICTPaTtopu Ta MpPaliBHHUKH,
BIAMOBiNANBHI 32 iH(pOpMaliiiHy Oe3neKy) He MalTh MOXIHMBOCTI CaMOCTIHHO
PO3pOOIIATH Ta ONEPAaTHBHO PEKOHQITypyBaTH TaKi MPUCTPOI.

ToMy akTyaJbHUMM € pillIeHHs, 33 SKHMH MPOIEC CUHTE3y PEeKOH(]IrypOBHUX
3ac00iB OpraHi3oBaHUil TAKMM YMHOM, III0 CKJIQ/IHI Ta PECYpPCHOMICTKI MpoLeaypu
BUKOHYIOTBCSl HE JIOKQJIBHO HA KOXKHOI OKpEeMOi CHUCTEMi, a ICHTPali30BaHO, 3
BHUKOPHCTAHHSIM BUCOKOIIPOIYKTUBHHX CHCTEM, 30KpeMa, Ipil-iHQpacTpyKTypH.

Y 2015 — 2018 pokax Ha 06a3i rpig-syzna II[IME im. €. Ilyxosa HAH
VYkpainun Oyno po3pobieHo y BUIISAAI BeO-I0NATKy EKCHEepHMMEHTaJIbHUHM Tpifi-

! Jlocnipkenns TpoBeeHe Npu yacTkoBoMy (iHaHcyBaHHi 3 6oky IIporpamu indopmaruzanii HAH
VYxpainu Ha 2019 pik.
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CepBiC LieHTpaji3oBaHOro cuHTe3y KoHpirypauii STRAGS. B mpoueci
MMPOBEACHHS CKCIIEPUMEHTIB 13 TaHHUM BeO-CEpBICOM BHSBHIIOCH, 110 €(hEKTHBHICTh
HOro BUKOPUCTaHHS 3aJIeKUTh HE JIMIIEC BiJI MOMXJIMBOCTEH, IO HAJAIOTHCS
KOPHCTYBadaMm, aje TaKoX BiJ 31aTHOCTI KepyBaTH JA0JIATKOM HA CUCTEMHOMY DiBHI
3 00Ky pO3pOOHUKIB Ta JOCIIIHUKIB.

Memoro oanoi pobomu € nocmipkeHHs1 Ha npukiangl Bed-cepBicy STRAGS
BHMOTI' IIOA0 YIPAaBIiHHSI Ha CHCTEMHOMY piBHI CepBiCaMM ILIEHTPasli30BaHOTO
cunTte3y koHoirypamid mis ITJIIC ta mMoximuBOCTEH, sKi MOXKYTh OyTH HajaHi
JONATKOBAMH (DYHKIISIMH, NPU3HAYSHUMH IS MiABUIICHHS KEPOBAHOCTI TaKUX
CHCTEM.

IIpuanmn aii rpin-cepsicy STRAGS

[IpoTarom nexinbKOX OCTaHHIX POKiB 3a (iHaHcOBOI miaTpuMKu LlimpoBoi
KOMIUIEKCHOI ~mporpamMu  HaykoBuxX nociimkednb HAH  VYkpaiam «Ipin-
iHppacTpyKypa 1 TpiA-TeXHOJOTii M HayKOBUX 1 HayKOBO-NIPUKJIJHUX
3aCTOCYBaHb» B IHCTHTYTI mpobieM MoaentoBaHHs B eHepreruili iM. I.€. ITyxosa
HAH VYxpainn mnpoBoawimch poOOTH MO CTBOPEHHIO Ta JOCHIDKEHHIO B
cepenoBuIli YkpaiHceKoro HarioHansHoro rpina (YHI') cepBicy neHnTpanizoBaHoro
CHHTe3y KoH(Qirypamiii Uil amapaTHUX HpUCTpOiB iHpopmariiiHoi Oe3zneku [3].
Hana po3pobka otpumana Ha3By STRAGS (Security Tasks Reconfigurable
Accelerators Grid-Service — rpin-cepBic pekoH(}IrypOBHHX NPUCKOPIOBAYIB
3aBmaHb iH(popMamiiHOi Oe3nexkn). B sKkocTi 0a3mcy cepBic BHKOPHCTOBYE
BiTum3HAHY Tpig-TexHomnorito Rainbow ("ARC in the Cloud") [4], sika crouaTky
CTBOpIOBaJIacs AJIsl 3amycKy cremianizoBanoro I13 moldyngrid mms BipryansHOT
opranizarnii medgrid. Po3poOka BusiBIiacs Braioro i He3abapoM 3HaimuTa OibIT
HIMpOKe 3acTocyBaHHs B iH(pacTpykTypi YHI. TexHomoris 103BOIsE 3ayCKaTH Ha
IpiA-By3iax BipTyallbHI MallMHHA 3 HEOOXIITHMM MPOrpaMHUM 3a0e3MEYCHHSIM 1
JIO3BOJISIE 3MIMCHIOBATH 0 HUX IHTEPAKTHBHHNA JOCTYII.

B mnpoueci ¢ynknionysanns rpig-cepic STRAGS iHinitoe poboty Ha
BiJIaJIEHUX By3J1aX T'Pi/-CepeaoBHIIa ACKIIBKOX deeHmié — BIPTyaJbHUX MAIlUH 3
TOTIEpEeIHbO BCTAHOBJICHUM 1 HAJAIITOBAHUM I1HCTPYMEHTAIBHHM IPOTPaMHHM
3a0e3MeueHHsIM, HEOOXiTHUM JUIl CHHTE3y pPEKOHQITypOBHUX TIPHUCTPOiB 1
reHepauii koHgirypaniii. Y Mipy HaJIXOMKEHHS 3alHTiB BiJ KIIEHTIB cepsic
pO3MOfiNsie 3aBAAHHA MDK AaKTUBHUMH areHTaMmH, MIATPUMYIOYM IX YHCIIO
IOCTaTHIM U1 3a0e3leueHHs TOTOBHOCTI Ha HeoOXimHoMy piBHI. OTpuMmaBmu
3aBIAHHS y BHDISAI IPiA-3aBIaHHS, arcHT 3allyCKae IPOLECH aBTOMAaTHYHOIO
CHHTE3y HeoOXimHoi 1mudpoBoi cxemMu i CHHTE3y BiOMOBITHOI KOH(DIrypamii s
[UIIC, micnst 9oro moBepTae pe3ynsTar poOOTH CepBicy.

IHoGynoBa Ta Mo:xkmMBOCTI iHTepdeiicy agminicTpaTropa

3 METOI0 MiJBUINCHHS KEPOBAHOCTI BEO-CEPBICY IEHTPAII30BAHOTO CHUHTE3Y
koHpirypauii STRAGS po3poOnenuit pasinie ¢GyHKIiOHaT OyB JIOMOBHEHUI
inTepdeiicom anminictparopa. Jns nporo B InTepdeiic kopucryBaua rpia-cepsicy
Oyno noxaHo Brianky Admin Interface, o 3 Bukopuctanusam ¢peiimBopky Twitter
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Bootstrap Ta JavaScript 6i6miorexu jQuery pearizye 3Beprenust B API-iHTepdeiic
KepyBaHHs areHTaMH BIOCKOHaJIeHOi apxitekTypu cepBicy STRAGS, ta Bizyanizye
oTpuMaHi aai (puc. 1).

S Addjob  Active jobs  Finished jobs  Admin Interface

STRAGS Agents Administration

Controls: Agents:
Standby agents: 7 : show 10 j entries

# Status Location Heartbeat Actions

Submit STRAGS Pilot

1 Standby (arc.imbg.org.ua) 2016-12-15 22:30:02 IR RS
Statistics:

2 Standby (arcimbg.org.ua) 2016-12-15 22:30:01 R @ [0}
Running tasks:

3 Standby (arc.imbg.org.ua) 2016-12-15 22:30:02 O e le O
Tasks in queue:

4 Standby (arc.imbg.org.ua) 2016-12-15 22:30:01 IR RS
Agents queue:

5 Standby (arc.imbg.org.ua) 201€-12-15 22:30:01 O B RO

. & Standby (arcimbg.org.ua) 2016-12-15 22:30:01 " . T+

Logs: D9 | B O

7 Standby (arc.imbg.org.ua) 2016-12-15 22:30:01 IR RS

8 Standby (arcimbg.org.ua) 2016-12-15 22:30:01 O B RO

Showing 1 to 8 of 8 entries

Previous Next
Puc. 1. Be6-inTepdeiic anminicrparopa cepBicy STRAGS

Hoctyn mo Bkimagku Admin Interface oOmexeHo 3a yHIKaTbHUM iM’sIM
ceptu(ikary, IO BUKOPHCTOBYETHCS sl aBropu3amii B cucremi. CIHCOK
aZIMIHICTPaTOPiB cepBicy 3a1a€ThCs B KOHQIryparii.

IaTepdeiic Hamae MOXIMBICTH CKOpHCTaTHCS BCiMa MOXIHBOCTIMH API
KepyBaHHA. B miBiif yacTuHI BimoOpa)keHO 3arallbHy CTaTHCTHYHY iH(pOpMAIIiIo, Ta
PO3MIIIIEHO eJeMEHTH UIsI 3MIiHH KiUTBKOCTI areHTiB B PEXHMi OUIKyBaHHS Ta
nepensiLy JKypHaIIiB 3amycKy areHTiB (puc. 2) i goctymy 10 Beb-cepsicy (puc. 3).

B npagiit wacruni intepdeiicy (puc. 1) po3MilieHO CIMCOK aKTUBHHUX areHTIB,
3 BIIOOpaKEHHSIM 1X CTaHy, OOYHCIIIOBAILHOTO €JIEMEHTY Ta 4acy CHHXPOHI3aIlii.
Jnsi KOKHOTO areHTy pO3MIIEHO psiji €JIEMEHTIB KepyBaHHS, IO JIO3BOJISIOTH
3IIMCHIOBATH KEpyBaHHS JaHMM areHTOM — BHAAIATH, NeperisiiaTd IOTOKU
CTaHAapTHOro BUBOAY (pHc. 4) Ta NOMHJIOK (pHUC. 5) Tpil-3aBIaHHs Ta OTPUMYBATH
JOCTYI JI0 KOHCOJI BipTyaJIbHOT MalllMHK — areHTy.

IMpn HaTuMCKaHHI BIJNOBIIHOrO NOCWJIAHHS [UI JIOCTYIy JIO KOHCOJI,
BinOyBaeThcst 3BepHEeHHS B APl 3a omHOpazoBuM maposeM HocTyny (TOKEHOM),
BiIOyBa€ThCS BHKIMK OJHONMEHHOTO CIIEHApio Ta 3MiiicHIoeThCS BXin mo SSH-
TepMiHAITy MaIlIiHU.



Agents submission log

DEBUG: Removing agents that failed to send heartbeat in 30 minutes

DEBUG: Cleaning chsolete agents directories

INFO: There are already O agents in standby (7 configured). Skipping submission

INFO: Starting agent submission cycle at 2016-12-15 22:34:41

DEBUG: Removing agents that failed to start in 24 hours

DEBUG: Removing agents that failed to send heartheat in 30 minutes

DEBUG: Cleaning cbsolete agents directories

INFO: Submitting new agent (8 agents in standby

DEBUG: Agent UUID e725a400-c305-11e6-bf09-525400aaaa02

Your identity: /DC=org/DC=ugrid/0O=hosts/O=PIMEE/CN=strags.matmoden. kiev.ua

Contacting VOMS server (named matmoden): voms.grid.org.ua on port: 15127

Proxy generation succeedesd

Your proxy is walid until: 201€-12-16 10:34:41

INFO: Configuration (/ete/arc/client.conf] loaded

INFO: Configuration (arc_client.conf) loaded

INFO: Using proxy file: strags.proxy

INFO: Using CA certificate directory: /etc/grid-security/certificates

INFO: Broker Random loaded

INFO: Skipping ComputingEndpoint 'https://arc.imbg.org.ua:s0000/arex’, because it has 'org.ogf.bes' interfa
INFO: Skipping ComputingEndpoint 'gsiftp://arc.imbg.org.ua:2811/jobs', bhecause it has 'org.nordugrid.gridft
INFO: Skipping ComputingEndpoint 'https://arc.matmoden.kiev.ua:E0000/arex', because it has 'org.ogf.bes' in
INFO: Skipping ComputingEndpoint 'gsiftp://arc.matmoden.kiev.ua:2811/johs', because it has 'org.nordugrid.g
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Reques
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Reques
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Reques
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Begues
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Begues
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Beques
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Beques
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Regues
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Regues
INFO: Failed to swbmit job description: Service responded with fault: Failed to create new activity. Reques
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Begues
INFO: Failed to submit job description: Service responded with fault: Failed to create new activity. Begues
INFO: Transfer from file:/srv/www/strags.matmoden.kiev.ua/jobs/agents/e7e5a400-c305-11e6-bf09-525400aaaa02/
INFO: Real transfer from file:/srv/wwu/strags.matmoden.kiev.ua/jobs/agents/e7e5a400-c305-116-bf09-525400aa
Job submitted with jobid: https://arc.matmoden.kiev.ua:E0000/arex/wnpNDmyurbpnf548 LmksehinABFKDmAEFKDm4 DMKD
INFO: Agent submission finished with exit code O

Puc. 2. Ilepersan xxypHaiy 3aimycKy rpig-3aBranb — areHTiB STRAGS

Strags service access log

7777777777777777777 ACCESS LOG -
[14/Dec/2016:11 +0200] "GET /vms/STRAGS.tar.gz HTTF/1.0" 200 11970

.248.84 - - [14/Dec/Z0LE:11:54:03 +0200] "GET /vms/STRAGS.tar.gz HTTP/1.0" 200 11970

28.190 - - [14/Dec/20L€:14:12:56 +0200] "GET /ui/css/3-col-portfolio.css HTTR/L.1" 404 323

.28.180 - - [14/Dec/201:14:12:56 +0200] "GET /3s/jquery.is HTTP/1.1" 404 308

.28.180 - - [14/Dec/20LE:14:12:56 +0200] "GET /is/bootstrap.min.js HTTP/1.1" 404 31E

.28.180 - - [14/Dec/Z0L6:14:12:5€ +0200] "GET /favicon.ico HTTR/L.1" 404 308

.249.92 - - [14/Dec/2016:14:20:03 +0200] "GET http://strags.matmoden.kiev.ua:80/vms//xilinx-x8E-rainb
.249.92 - - [14/Dec/2016:14:20:03 +0200] "GET http://strags.matmoden.kiev.ua:80/vms//xilinx-x8E6-rainb
.11.83 - - [14/Dec/201€:23:10:09 +0200] "GET http://strags.matmoden.kiev.ua:80/vms//xilink-x86-rainbo
.11.83 - - [14/Dec/201€:23:10:09 +0200] "GET http://strags.matmoden.kiev.ua:80/vms//xilink-x86-rainbo
.248.82 - - [15/Dec/2016:02:40:04 +0200] "GET hetp://strags.macmoden. kiev.ua:80/vms//xilinz-x86-rainb
.248.82 - - [15/Dec/2016:02:40:04 +0200] "GET hetp://strags.macmoden. kiev.ua:80/vms//xilinz-x86-rainb
.249.94 - - [15/Dec/2016:02:45:02 +0200] "GET /vms/STRAGS.tar.gz HTTP/1.0" 200 11570

2459.94 - - [15/Dec/201£:03:45:03 +0200] "GET /vms/STRAGS.tar.gz HTTP/1.0" 200 11970

Puc. 3. Ilepersin s)xypHany noctyiy 1o Be6-cepicy STRAGS



Agent grid-job stdout

Preparing user data to be accessible inside VM (method: DISK)...
Done.

Prepraing VH system image to run on WN hypervisor...
Done.

Obtaining network configuration...
Done.

Starting VM on WN's qemu hypervisor...
Done.

Vaiting for VM network hecomes rzady...
Done. Virtual machine [P ping successful

Waiting for interactive access service starts...
Done.

You can now connect to VM SSH with the following credentials:
Address: 194.44.249,94:30006
Login: root
Passvord: Fublic key authorizacion only

Going to slesp for VE walltime (37000 seconds)..

Puc. 4. Tleperisin MOTOKY CTaHIAPTHOTO BUBOAY areHTy TRAGS

Agent grid-job stderr

libguestfs: error: mount_ro: mount_ro stub: /dev/vwdbl: No such file or directory
virt-inspectorZ: some filesystems could not be mounted (ignored

libguestfs: srror: size of /usr/shars/pixmaps/redhat/shadovman-transparsnt.png is unreasonably largs (21274

Puc. 5. [lepersit MOTOKY CTaHIAPTHUX MOMMIIOK areHTy TRAGS

ITo 3aBepmeHHIO POOOTH B Beb-CeCii MOCTYITy M0 KOHCOM, JOTOMDKHHUH ssh-
CIICHApii BUANIAETHCA, a TIOBTOPHE 3BEPHEHHSI 10 KOHCOJI MOTpedye 3BepHEHHS 10
APl-intepdeiicy 3a HoBUM  omHOpazoBuM TokeHoMm. Jlami  iHTepdeiic
amMiHicTparopa aBromMatHdHO Bimkpueae Web-Shell-intepdeiic B HOBoMy BikHI,
BHKOPHCTOBYIOUH OTPUMAHHUI OJHOPA30BHit ITapoib (puc. 6).

Po3po0Onenuii inTepdeiic aaMinicTparopa I10aHO 1O MaKETHOTO 3pa3ka rpij-
cepBicy STRAGS Ta ycrimHo BUMpoOyBaHO B CKJIaJi CHCTEMH I[CHTPaJi30BAHOTO
MpOrpaMyBaHHs PEKOH(MIrypOBHHUX MPHCKOPIOBAYIB, IO 3aCTOCOBYIOTHCS IS
BUpilIeHHs 3a1a4 iH(opmaniitHoi 6e3rneku.



Controls: Agents:

Standby agents: 7 s show 10 jentries
# Status Location Heartbeat Actions
submit STRAGS Pilot
1 standby (arc.imbg.org.ua) 2016-12-15 22:30:02 D e B O
B root@strags:~ - shel.. x | 4 - 0O+ P L~ @~ Get debug ac
@ https//strags.matmoden kiev.ua:8443MW/SQTCZUVLFGRB/ Bec vl 0 =
root 10899 0.0 0.0 5660 1164 ? Ss  Decl> 0:00 crond - D e B O
root 10999 0.0 0.1 13548 2556 ? Ss  Decl5 ©:00 /usr/libexec/postfix/ma
postfix 11002 ©.0 0.1 12808 2672 7 s Decl5 ©:00 \_ gmgr -1 -t fifo -u 5 N .
postfix 32678 0.0 0.1 12732 2524 ? s Decl5 ©:00 \_ pickup -1 -t fifo - D kB0
root 11040 0.0 0.0 12892 792 7 S<sl Decld 0:00 auditd
[ ~ 1# 11 /opt/STRAGS ., N "
total 52 e e|0
drwxr-xr-x 2 root root 4096 Nov 19 2015 cron.d
-rwxr-xr-x 1 root root 1246 Nov 29 12:37 D e B0
drwxr-xr-x 2 root root 4096 Dec 15 ©9:25 postupdate
-rwxr-xr-x 1 root root 551 Nov 15 02:58 5 N X
-rwxr-xr-x 1 root root 128 Nov 15 ©3:05 D & kO
-rwxr-xr-x 1 root root 2927 Nov 29 12:48
-rwxr-xr-x 1 root root 1336 Nov 15 03:06 olelelo
-rw-r--r-- 1 root root 1638 Dec 15 09:25 StragsCommon.pyc : g
-rwxr-xr-x 1 root root 228 Nov 15 03:00
-rwxr-xr-x 1 root root 2378 Nov 15 81:35
-rwxr-xr-x 1 root root 275 Dec 3 2015
-rw-r--r-- 1 root root 9 Nov 29 12:48 version
drwxr-xr-x 2 root root 4096 Nov 29 12:38 vhd
1-1#1
Puc. 6. [loctyn 1o xoHcomi BipTyanbHOi MammHy — areHty T RAGS.
BucHOBKH

B npoBenenoMy mocmimpkeHHi Ha npukiazi Beo-cepBicy STRAGS po3mistHyTi
aCIeKTH YNPaBJIiHHA Ha CUCTEMHOMY PiBHI CEpBiCaMM IIEHTPali30BaHOTO CHHTE3Y
koH(pirypaiii s [TJIIC Ta MOXKIMBOCTEH, SKi MOXKYTh OyTH HaJaHi JOJATKOBHMU
(YHKIISIMU, TPA3HAYCHUMH JUTS TTiIBUIIICHHS KEPOBAHOCTI TAKUX CHUCTEM.

1. Tunveypm C.Al. PexoHurypupyemble BBIYHCIHTENH. AHATUTAYeCKHH 0030p //
Onexrponnoe mozaenuposanue. — 2013. — T.35, Ne 4. — C.49-72.

2. I'inbeypm CA.  Merogn  1moOymoOBH  ONTHMAJIbHUX  CXEM  PO3MI3HABAaHHS  JUIS
pexoH}IrypoBHUX 3aco0iB iH(popMatiiHoi 6e3meku // 3axuct iHpopmamii. — 2019. — T. 25,
Ne 2. — C.74-81.

3. €sooxumos B.®., /lasuoenxo A.M., I'inbecypm C.A. CtBopenHs Ha 6a3i rpig-caiity IIIME
im. €. TlyxoBa HAHY cucremn LeHTpanizoBaHOTO CHHTE3y amapaTHUX [PHCKOPIOBadiB
JUIsl BUPIIICHHS 3a71a4 iHpopMaIiifHOT Oe3reKy B eHepreTHuHil raiay3i / MopmentoBaHHs Ta
indopwmariiiini texuosorii. 36. Hayk. mp. IIIME im. I.€. TTyxoBa HAH Vkpaiuu. — Bun. 79. —
K.:2017. - C.3-8.

4. Canvrukog A.A., Buwnesckuii B.B., bopeyxuii A.®. «I1naropma kak cepBHC» B TPUI AJIS
HMHTEPaKTUBHOTO aHAJIM3a MEJUIMHCKUX JAHHBIX // MareMaTudHi MamlMHU i CHCTEMH. —
2015. — Ne 1. — C.53-64.

http://doi.org/10.5281/zenodo.3859601
IHocmynuna 9.09.2019p.



