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345"6 $"7"89,7%&9%8" 7"4)9:

!"#$%&’()*#’ #+,-. ()*+,$"-*./0+,1 2%32/0#2 %&451- 65#0,)7
-+50"- 832 ,+9+562 5&):51; 6 *,6$3&851; <&8&: % ,&<36:51; "=3&#02;,
0&$6; $&$ >6<6$&, ?+"3"?62, -+0+","3"?62, ;6-62, -+86@65& 6 -5"?6; 8,)7
?6;. A#*"3.<"%&56+ #)*+,$"-*./0+,"% 5+"=;"86-" 6<-<& %1:6#360+3.5"B
#3"45"#06 5+$"0",1; <&8&:, ,+9+56+ $"0",1; 5& "=1:51; $"-*./0+,&;
-"4+0 <&520. 856, -+#2@1 636 8&4+ ?"81. C85&$" D>>+$06%5" 6#*"3.<"7
%&0. #)*+,$"-*./0+,51+ #6#0+-1 ":+5. 5+*,"#0" $&$ 6<-<& :,+<%1:&B5"
#3"45"B &,;60+$0),1 D06; #6#0+-, 0&$ 6 6<-<& #3"45"#06 #"<8&562 %1#"7
$"*,"6<%"860+3.51; *&,&33+3.51; *,"?,&--. E32 8"#064+562 %1#"$"B
*,"6<%"860+3.5"#06 0,+=)/0#2 #*+@6&36<6,"%&551+ <5&562 6 "*10 %
,&<,&="0$+ D>>+$06%51; *,63"4+56B 832 #)*+,$"-*./0+,"%, $"0",1-6
<&:&#0)/ 5+ "=3&8&/0 *"3.<"%&0+36 #)*+,$"-*./0+,& 6< 8,)?6; "=3&#0+B
5&)$6.

C=+#*+:+56+ %1#"$"B D>>+$06%5"#06 ,&="01 #)*+,$"-*./0+,& 0,+7
=)+0 *"#0"255"?" $"50,"32 +?" #"#0"2562 6 $&:+#0%& >)5$@6"56,"%&562.
E32 D0"?" 6#*"3.<)+0#2 #*+@6&36<6,"%&55"+ #6#0+-5"+ *,"?,&--5"+ "=+#7
*+:+56+, $"0","+ #"=6,&+0 6 &5&36<6,)+0 ,&<5""=,&<51+ 8&551+ $&$ " ,&7
="0+ "08+3.51; *,"?,&--51; 6 &**&,&051; $"-*"5+50 #)*+,$"-*./0+,&
(%1:6#360+3.51; )<3"%, #3)4+=51; #+,%+,"%, >&B3"%"B #6#0+-1, -+5+48+7
,& ,+#),#"% 6 0.8.), 0&$ 6 " %1*"35+566 *"3.<"%&0+3.#$6; *,63"4+56B.
F,6 D0"- &5&36< *,"6<%"860+3.5"#06 %1*"352+-1; 5& #)*+,$"-*./0+,+
*,63"4+56B ":+5. %&4+5, *"#$"3.$) 6-+55" *,"6<%"860+3.5"#0. *,63"4+7
56B 2%32+0#2 "856- 6< $3/:+%1; >&$0","%, %362/G6; 5& D>>+$06%5"#0.
,&="01 #)*+,$"-*./0+,5"B #6#0+-1 % @+3"-.

H $&:+#0%+ %;"851; 8&551; 832 6<):+562 *,"6<%"860+3.5"#06 *"3.7
<"%&0+3.#$6; *,63"4+56B :&G+ %#+?" 6#*"3.<)+0#2 65>",-&@62 " <&?,)<$+
6 *"%+8+566 %1:6#360+3.51; )<3"%, #"=6,&+-&2 %" %,+-2 %1*"35+562
D06; *,63"4+56B. E32 *"3):+562 *"8"=5"B 65>",-&@66 6#*"3.<)/0#2
,&<36:51+ #6#0+-1 -"560",65?& (0&$6+ $&$ Zabbix, Nagios, Collectd 636
DiMMon), $"0",1+ -"?)0 #"=6,&0. 8&551+ "0 #&-1; ,&<51; 6#0":56$"% 5&
%1:6#360+3.5"- )<3+ ’ "*+,&@6"55&2 #6#0+-&, &**&,&051+ *,"@+##",51+
8&0:6$6, #+0+%&2 $&,0&, ?,&>6:+#$6B )#$",60+3. 6 0.8. I&$4+ %&45" *"3)7
:&0. "0 -+5+84+,& ,+#),#"% 65>",-&@6/ " <&*)#$+ *,63"4+56B. J6,"$6B
#*+$0, #"=6,&+-1; 8&551; 6 6; 6#0":56$"% *,+8"#0&%32+0 #6#0+-51-
&8-656#0,&0",&- "=96,51B "=K+- ,&<5""=,&<5"B *"3+<5"B 65>",-&@66,
$"0",1B, "85&$", 5+%"<-"45" % *"35"B -+,+ "=,&="0&0. %,):5)/.

F"D0"-) % 5&#0"2G++ %,+-2 %#+ ="3++ %&451- #0&5"%60#2 %"*,"# ,&<7
,&="0$6 -+0"8"% 5& "#5"%+ 0+;5"3"?6B 650+33+$0)&3.5"?" &5&36<& 8&551;
832 "@+5$6 #"#0"2562 #)*+,$"-*./0+,"%. L06 -+0"81 *"<%"320 &8-6567
#0,&0",&- *,"G+ 6 D>>+$06%5++ %12%320. 6 )#0,&520. *,"=3+-1, $"0",1+
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-"?)0 #564&0. $&:+#0%" >)5$@6"56,"%&562 #)*+,$"-*./0+,"%. F,6-+,&7
-6 *"8"=51; *,"=3+- 2%32/0#2 56<$&2 *,"6<%"860+3.5"#0. *"3.<"%&0+3.7
#$6; <&8&56B, 5+"*06-&3.5&2 $"5>6?),&@62 #6#0+-5"?" 636 *,6$3&85"?"
FC 636 5+D>>+$06%5&2 ,&="0& -+5+84+,& ,+#),#"%, :0" *,6%"860 $&$ $
<&-+83+56/ %1*"35+562 *"3.<"%&0+3.#$6; ,&#:+0"%, 0&$ 6 $ *,"#0"/ %17
:6#360+3.51; ,+#),#"%.

M& *"#3+856+ 8+#2063+062 5&=3/8&+0#2 <5&:60+3.51B ,"#0 *,6-+5+7
562 -+0"8"% 650+33+$0)&3.5"?" &5&36<& 8&551; % ,&<36:51; "=3&#02;,
*"#$"3.$) "56 *"<%"32/0 %12%320. <&$"5"-+,5"#06 % ="3.96; "=K+-&;
8&551; 6 6#*"3.<"%&0. 6; 832 ,+9+562 *,&$06:+#$6; <&8&: # %1#"$"B
0":5"#0./. F,6-+,&-6 0&$6; "=3&#0+B 2%32/0#2 -&9655"+ <,+56+ (,&#7
*"<5&%&56+ "=K+$0"%, #+?-+50&@62 6<"=,&4+56B), -+86@65& (86&?5"#06$&
<&="3+%&56B, ,&<,&="0$& 3+$&,#0%+551; #,+8#0%), ?+"3"?62 (*,"?5"<6,"%&7
56+ -+#0","48+56B *"3+<51; 6#$"*&+-1;, -"8+36,"%&56+ $&:+#0%& %"81),
+#0+#0%+55&2 "=,&="0$& 2<1$& (,&#*"<5&%&56+ ,+:6, *+,+%"8 6 ?+5+,&@62
0+$#0&) 6 -5"?6+ 8,)?6+. N$06%5"+ ,&<%606+ -+0"8"% 650+33+$0)&3.5"?"
&5&36<& 8&551; *"%19&+0 6; *,6-+56-"#0. 6 % #>+,+ %1#"$"*,"6<%"867
0+3.51; %1:6#3+56B 6 #)*+,$"-*./0+,"%. ("%,+-+551+ #)*+,$"-*./0+,1
#"=6,&/0 "?,"-5"+ $"36:+#0%" 65>",-&@66 " ,&="0+ #%"6; $"-*"5+50 6
<&*)#$&+-1; *,63"4+56B, $"0",&2 -"4+0 =10. 6#*"3.<"%&5& 832 &5&367
<& $&:+#0%& 6; >)5$@6"56,"%&562, "85&$" ,):5"B &5&36< D06; 8&551;
<&:&#0)/ <&0,)8560+3+5 636 8&4+ 5+%"<-"4+5 6<-<& 6; ="3.9"?" "=K7
+-&. !+0"81 650+33+$0)&3.5"?" &5&36<& 8&551; *"-"?&/0 ,+9&0. D0)
*,"=3+-); % :&#05"#06, "56 )4+ *,6-+52/0#2 832 *,+8#$&<&562 %,+-+56
%1*"35+562 *,63"4+56B 636 &5&36<& #"#0"2562 654+5+,5"B 65>,&#0,)$7
0),1.

OG+ "85"B <&8&:+B, 832 ,+9+562 $"0","B -"45" *,6-+520. -+0"81
650+33+$0)&3.5"?" &5&36<& 8&551;, 2%32+0#2 *"6#$ #;"46; *,63"4+56B,
%1*"352/G6;#2 5& #)*+,$"-*./0+,+, 5& :0" 6 5&*,&%3+5& 8&55&2 ,&="0&.
H 8&55"- #3):&+ #;"46-6 =)8+- 5&<1%&0. *,63"4+562, $"0",1+ "=3&8&7
/0 "856-6 6 0+-6 4+ %&451-6 #%"B#0%&-6, #%2<&551-6 # *"%+8+56+-
*,63"4+562 %" %,+-2 +?" %1*"35+562. F,&$06$& *"$&<1%&+0, :0" +#36
*,63"4+56+ N "=3&8&+0 5+$"0",1-6 #%"B#0%&-6 (5&*,6-+,, 6#*"3.<)+0
"*,+8+3+551B *,"?,&--51B *&$+0), 6 *,6 D0"- "5" #;"4+ # *,63"4+56+-
P, 0" % ,28+ #3):&+% -"45" #:60&0., :0" *,63"4+56+ P 0&$4+ "=3&8&7
+0 D06-6 #%"B#0%&-6. (&-" "*,+8+3+56+ #;"4+#06 -+52+0#2 % <&%6#6-"#06
"0 0"?", $&$6+ #%"B#0%& 636 "#"=+55"#06 *,63"4+56B ,&##-&0,6%&/0#2, 6
D0" =)8+0 %3620. 5& 0", $&$ % 8&55"B ,&="0+ =)8+0 "*,+8+320.#2 "@+5$&
,&##0"2562 6 *"#0,"+551+ 5& ++ "#5"%+ -+0"81 %12%3+562 #;"46; *,67
3"4+56B. Q&<,&="0$& -+0"8"% "=5&,)4+562 #;"46; *,63"4+56B *"<%"360
&5&36<6,"%&0. 5"%1+ <&8&562, "*6,&2#. 5& ,+<)3.0&01 &5&36<& 6<):+551;
,&5++ *,63"4+56B: *,"%"860. $3&#0+,6<&@6/ <&8&56B, *,"?5"<6,"%&0. 6;
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*"%+8+56+, %12%320. &5"-&3.51+ <&*)#$6, %12%320. *,"=3+-1 # *,"6<7
%"860+3.5"#0./ 6 0.8. L0" <5&:60+3.5" )*,"G&+0 "@+5$) *"%+8+562 6
D>>+$06%5"#06 %1*"35+562 *,63"4+56B 832 *"3.<"%&0+3+B 6 &8-656#0,&7
0","% #)*+,$"-*./0+,"%.

.+&’/ 8&55"B 86##+,0&@6"55"B ,&="01 2%32+0#2 6##3+8"%&56+ 6 ,&<7
,&="0$& -+0"8"% 5& "#5"%+ 0+;5"3"?6B 650+33+$0)&3.5"?" &5&36<& 8&551;
832 ,+9+562 <&8&:6 %12%3+562 #;"46; #)*+,$"-*./0+,51; *,63"4+56B,
& 0&$4+ ,+&36<&@62 6 *,6-+5+56+ ,&<,&="0&551; -+0"8"% 5& *,&$06$+ 832
,+9+562 &$0)&3.51; 832 &8-656#0,&0","% 6 *"3.<"%&0+3+B <&8&:, 0&$6;
$&$ "*,+8+3+56+ 6#*"3.<)+-1; *,"?,&--51; *&$+0"% % *,63"4+562; 636
$3&#0+,6<&@62 *,63"4+56B *" 6; *"%+8+56/.

E32 8"#064+562 *"#0&%3+55"B @+36 =13" 5+"=;"86-" ,+960. #3+8)7
/G6+ 0%1%23:

1. Q&<,&="0&0. 6 D$#*+,6-+50&3.5" 6##3+8"%&0. -+0"81 %12%3+562
#;"46; #)*+,$"-*./0+,51; *,63"4+56B # 6#*"3.<"%&56+- 0+;5"7
3"?6B 650+33+$0)&3.5"?" &5&36<& 8&551;.

2. Q&<,&="0&0. &3?",60-1 832 6##3+8"%&562 *"0"$& #)*+,$"-*./0+,7
51; <&8&56B 5& "#5"%+ *,+83"4+551; -+0"8"% %12%3+562 #;"46;
*,63"4+56B.

3. Q+&36<"%&0. 6 &*,"=6,"%&0. *,"?,&--51+ ,+9+562 832 *,+87
3"4+551; &3?",60-"% # @+3./ 6##3+8"%&562 ,+&3.5"?" *"0"$&
#)*+,$"-*./0+,51; <&8&56B.

4%$2(%5 ()630(%: H *,+8#0&%3+55"- 6##3+8"%&566 *,+83"4+51 5"7
%1+ -+0"81 %12%3+562 #;"46; #)*+,$"-*./0+,51; *,63"4+56B 5& "#5"%+
0+;5"3"?6B 650+33+$0)&3.5"?" &5&36<& 8&551;, 8+-"5#0,6,)/G6+ %1#"7
$)/ 0":5"#0. 6 D>>+$06%5"#0.. L06 -+0"81 "#5"%&51 5& &5&36<+ $&$
#0&06:+#$6; 8&551; (6#*"352+-1; >&B3"% *,63"4+56B), 0&$ 6 865&-6:+7
#$"?" *"%+8+562 <&8&56B %" %,+-2 6; %1*"35+562. R& "#5"%+ D06; -+0"8"%
*,+83"4+51 5"%1+ *"8;"81 $ ,+9+56/ ,&<36:51; &$0)&3.51; <&8&:: "=5&7
,)4+56+ 6#*"3.<)+-1; *,"?,&--51; *&$+0"% 6 6; %+,#6B % *,63"4+562;;
$3&#0+,6<&@62 *"3.<"%&0+3.#$6; <&8&56B 832 "*,+8+3+562 ?,)** *"3.<"7
%&0+3+B, ,+9&/G6; *";"46+ <&8&:6; %12%3+56+ “#="B51;” ?,)** <&8&56B
832 6; *"#3+8)/G+?" 8+0&3.5"?" &5&36<& # @+3./ %12%3+562 *,"=3+- #
*,"6<%"860+3.5"#0./; *,+8#$&<&56+ "@+5"$ $&:+#0%& 6#*"3.<"%&562 #)*+,7
$"-*./0+,51; ,+#),#"%; "=5&,)4+56+ &5"-&3.5"?" *"%+8+562 <&8&56B 5&
"#5"%+ 6#0",6:+#$6; 8&551;. F,+83"4+551+ -+0"81 -"?)0 =10. 0&$4+
6#*"3.<"%&51 832 ,+9+562 8,)?6; %&451; <&8&:, 0&$6; $&$ *,"?5"<6,"%&7
56+ %,+-+56 %1*"35+562 <&8&56B 636 #"<8&56+ ,+$"-+58&0+3.51; #6#0+-,
*"-"?&/G6; *"3.<"%&0+32- "*06-6<6,"%&0. *,"6<%"860+3.5"#0. #%"6; *&7
,&33+3.51; *,"?,&--.

78%"#32+*"%5 0(%23,)*#’ ,&="01 #"#0"60 % #"<8&566 *,"?,&--7
5"?" ,+9+562, *"<%"32/G+?" # %1#"$"B 0":5"#0./ %12%320. #;"46+
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#)*+,$"-*./0+,51+ *,63"4+562, & 0&$4+ % ,+&36<&@66 %19+)$&<&57
51; #*"#"="% *,6-+5+562 -+0"8"% *"6#$& #;"46; *,63"4+56B # @+3./
&5&36<& *"0"$& <&8&56B. E&55"+ *,"?,&--5"+ ,+9+56+ &$06%5" 6#*"3.7
<)+0#2 5& #)*+,$"-*./0+,+ *+0&>3"*#5"?" ),"%52 *,"6<%"860+3.5"#06
S"-"5"#"%-2, ?8+ *"$&<&3" #%"/ *,6-+56-"#0. 5& *,&$06$+ 6 *"<%"7
363" &8-656#0,&0",&- 8&55"B %1:6#360+3.5"B #6#0+-1 #)G+#0%+55"
*,"8%65)0.#2 % 6##3+8"%&566 $&:+#0%& ++ ,&="01. E&55"+ ,+9+56+ -"4+0
*,6-+520.#2 6 5& 8,)?6; %1:6#360+3.51; #6#0+-&;.

9+#)1)&):35 3 ,+#)1- 3**&+1)6%(35. F,6 *"3):+566 ,+<)3.7
0&0"% 86##+,0&@6"55"B ,&="01 6#*"3.<"%&36#. D3+-+501 0+",66 %+,"207
5"#0+B, -+0"81 650+33+$0)&3.5"?" &5&36<& 8&551; 6 -&0+-&06:+#$"B
#0&06#06$6. F,6 %1*"35+566 *,"?,&--5"B ,+&36<&@66 -+0"8"% %12%3+562
#;"46; #)*+,$"-*./0+,51; *,63"4+56B 6#*"3.<"%&36#. -+0"81 "=K+$07
5"–",6+506,"%&55"?" &5&36<& 6 *,"+$06,"%&562, $3&##6:+#$6+ &3?",60-1
6 #0,)$0),1 8&551;.

;*()6(-+ <)&)=+(35, 6-()*3,-+ (% 0%>3#$:
1. E%& ,&<,&="0&551; *"8;"8&, "#5"%&551+ 5& &5&36<+ #0&06:+#$"B

65>",-&@66 (6#*"352+-1; >&B3"% *,63"4+562) 6 865&-6:+#$6;
8&551; " *"%+8+566 <&8&562 (8&551; "0 #6#0+-1 -"560",65?&),
*"<%"32/0 ,+9&0. <&8&:) %12%3+562 #;"46; #)*+,$"-*./0+,51;
*,63"4+56B. F" ,+<)3.0&0&- &*,"=&@66 8&551+ -+0"81 *"$&<1%&7
/0 %1#"$"+ $&:+#0%" ,&="01.

2. F"8;"81 $ %12%3+56/ #;"46; #)*+,$"-*./0+,51; *,63"4+56B
*"<%"32/0 #"<8&0. -+0"81 832 ,+9+562 <&8&: "=5&,)4+562 6#7
*"3.<)+-1; *,"?,&--51; *&$+0"% 6 6; %+,#6B % *,63"4+562;,
$3&#0+,6<&@66 *,63"4+56B, & 0&$4+ *,+8#$&<&562 "@+5"$ $&:+7
#0%& 6#*"3.<"%&562 #)*+,$"-*./0+,51; ,+#),#"%. L$#*+,6-+57
0&3.5"+ 6##3+8"%&56+ *"3):+551; ,+9+56B 5& *"0"$+ <&8&56B,
<&*)#$&+-1; 5& #)*+,$"-*./0+,+ S"-"5"#"%-2, 8+-"5#0,6,)+0 6;
,&="0"#*"#"=5"#0. 6 *,6-+56-"#0. 5& *,&$06$+.

?)*#)6+8()*#’ *"3):+551; ,+<)3.0&0"% "=+#*+:6%&+0#2 -&#90&=7
5"B &*,"=&@6+B ,&<,&="0&551; 6 ,+&36<"%&551; -+0"8"% &5&36<& *,63"4+7
56B 5& #)*+,$"-*./0+,+ TS"-"5"#"%-2U, "="#5"%&56+- *,65201; ,+9+56B
*" 6; ,&<,&="0$+ 6 %5+8,+56/.

!<8)@%A35 8%@)#-. F,+8#0&%3+551+ % ,&="0+ ,+<)3.0&01 8"$3&817
%&36#. 5& #3+8)/G6; -+48)5&,"851; 6 ,"##6B#$6; $"5>+,+5@62;:

1. XXVIII P&B$&3.#$&2 H#+,"##6B#$&2 $"5>+,+5@62 # -+48)5&,"87
51- ):&#06+-, ?. A,$)0#$, Q"##62, 29 6/52 - 8 6/32 2023

2. !+48)5&,"85&2 $"5>+,+5@62 TParallel Processing and Applied
Mathematics 2022U, ?. V8&5.#$, F"3.9&, 8-11 #+502=,2 2022

3. !+48)5&,"85&2 $"5>+,+5@62 T!+48)5&,"85&2 5&):5&2
$"5>+,+5@62 #0)8+50"%, &#*6,&50"% 6 -"3"81; ):W51; TS"-"7
5"#"%-2022U, ?. !"#$%&, Q"##62, 20,21 &*,+32 2022
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4. !+48)5&,"85&2 $"5>+,+5@62 T()*+,$"-*./0+,51+ 856 % Q"##66
2021U, ?. !"#$%&, Q"##62, 28 #+502=,2 2021

5. !+48)5&,"85&2 $"5>+,+5@62 TF&,&33+3.51+ %1:6#360+3.51+
0+;5"3"?66 (F&HI) 2021U, C53&B5, Q"##62, 30 -&,0& 2021

6. !+48)5&,"85&2 $"5>+,+5@62 T!+48)5&,"85&2 5&):5&2
$"5>+,+5@62 #0)8+50"%, &#*6,&50"% 6 -"3"81; ):W51; TS"-"7
5"#"%-2020U, ?. !"#$%&, Q"##62, 10-27 5"2=,2 2020

7. !+48)5&,"85&2 9$"3&-$"5>+,+5@62 TA50+33+$0)&3.51B &5&36<
P"3.96; 8&551; 6 ,&#*,+8+3+551+ #6#0+-1U, ?. P)8%&, Hotel
Splendid, X+,5"?",62, 1 "$02=,2 2019

B32(-C 6"&%1. H#+ *,+8#0&%3+551+ % 86##+,0&@66 ,+<)3.0&01 *"7
3):+51 36:5" &%0","-. H ,&="0&; [A1-A3] *"8?"0"%$& :&#06 -&0+,6&3"% $
*)=36$&@66 *,"%"863&#. #"%-+#05" # #"&%0","-, *,6:+- %$3&8 86##+,0&57
0& =13 "*,+8+32/G6-. H ,&="0&; [N1-N3] H"+%"865) H&8.H. *,65&83+460
*"#0&5"%$& <&8&:6, "=#)48+56+ #*"#"="% 6 ,+<)3.0&0"% ++ ,+9+562, & 0&$4+
#"%-+#05&2 %+,6>6$&@62 ,+<)3.0&0"%. H ,&="0+ [A4] &%0","- =13 #&-"#0"7
20+3.5" ,&<,&="0&5 -+0"8 *,+8#$&<&562 "@+5"$ $&:+#0%& 6#*"3.<"%&562
#)*+,$"-*./0+,51; ,+#),#"% *,63"4+562-6, $"0",1B "#5"%&5 5& #,&%7
560+3.5"- &5&36<+ #)*+,$"-*./0+,51; *,63"4+56B # 6#*"3.<"%&56+-
#0&06:+#$6; 6 865&-6:+#$6; 8&551;, & 0&$4+ *,"%+8+5" D$#*+,6-+50&3.7
5"+ 6##3+8"%&56+ *,+83"4+55"?" -+0"8&.

7$@&3"%A33. C#5"%51+ ,+<)3.0&01 *" 0+-+ 86##+,0&@66 % *"35"B
-+,+ 6<3"4+51 % 4 5&):51; ,&="0&;, % 0"- :6#3+ % 4 *)=36$&@62; %
,+@+5<6,)+-1; 5&):51; 6<8&562;, "*,+8+3+551; *. 2.3 TF"3"4+562 " *,67
#)48+566 ):+51; #0+*+5+B % !"#$"%#$"- ?"#)8&,#0%+55"- )56%+,#60+0+
6-+56 !.H.S"-"5"#"%&U.

;@D+, 3 *#8$"#$8% 8%@)#-. E6##+,0&@62 #"#0"60 6< %%+8+562,
:+01,+; ?3&% 6 <&$3/:+562. F"351B "=K+- 86##+,0&@66 #"#0&%32+0 99 #0,&7
56@ 0+$#0& # 26 ,6#)5$&-6 6 10 0&=36@&-6. (*6#"$ 360+,&0),1 #"8+,460
45 5&6-+5"%&56B.

3&-)*-), &);,7<"-%, 7"4)9:

H" 66+1+(33 "*6#1%&+0#2 "=3&#0. 6##3+8"%&562, *"$&<1%&+0#2 &$0)7
&3.5"#0. ,&="01, ,&#$,1%&/0#2 ++ @+36 6 <&8&:6, "="#5"%1%&/0#2 5&):5&2
5"%6<5& 6 *,&$06:+#$&2 <5&:6-"#0. ,&="01.

7+86%5 :&%6% *"#%2G+5& "=<",) #)G+#0%)/G6; *"8;"8"% $ "=5&7
,)4+56/ #;"46; *,63"4+56B # *"-"G./ -+0"8"% 650+33+$0)&3.5"?"
&5&36<& 8&551;. H <&8&:+ %18+3+562 #;"46; *,63"4+56B %18+32/0#2 8%&
?3&%51; 5&*,&%3+562 6##3+8"%&562: &5&36< #0&06:+#$6; 6 865&-6:+#$6;
8&551;.
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H 8%01+&+ 1.1 ,&##-&0,6%&/0#2 -+0"81 &5&36<& #0&06:+#$6; 8&57
51;. F"8 #0&06:+#$6-6 8&551-6 *"56-&/0#2 0+ 8&551+, $"0",1+ 8"#0)*7
51 8" <&*)#$& *,63"4+562 5& #)*+,$"-*./0+,+. F,6-+,&-6 2%32/0#2:
8&551+ *3&56,"%G6$& (5&*,6-+,, <&*,&96%&+-"+ $"36:+#0%" %1:6#367
0+3.51; )<3"% 636 28+,, *)06 8" 6#*"352+-1; >&B3"%, -&$#6-&3.5"+
%,+-2 6#*"35+562), 6#;"851B $"8, 6#*"352+-1+ 6 "=K+$051+ >&B31 *,67
3"4+56B 6 0.8. C#5"%51- *,+6-)G+#0%"- -+0"8"% &5&36<& #0&06:+#$6;
8&551; 2%32+0#2 %"<-"45"#0. ,&="01 # 8&551-6 8" <&*)#$& *,63"4+7
562, :0" 6#$3/:&+0 <&%6#6-"#0. "0 $"5$,+05"?" <&*)#$&. C85&$", D0" 4+
*,+6-)G+#0%" 2%32+0#2 6 ?3&%51- 5+8"#0&0$"-, *"#$"3.$) *"%+8+56+ *,67
3"4+562 -"4+0 <5&:60+3.5" 6<-+520.#2 % <&%6#6-"#06 "0 %;"851; 8&551;,
*&,&-+0,"% <&*)#$&, 6#*"3.<)+-"?" "=",)8"%&562 6 8,)?6; >&$0","%, $"7
0",1+ 5+%"<-"45" "0#3+860. # *"-"G./ #0&06:+#$6; 8&551;.

H 8%01+&+ 1.2 ,&##-&0,6%&/0#2 -+0"81 &5&36<& 865&-6:+#$6;
8&551;. F"8 865&-6:+#$6-6 8&551-6 *"56-&/0#2 0+ 8&551+, $"0",1+ #"7
=6,&/0#2 %" %,+-2 ,&="01 *,63"4+562. H 0+$)G+B ,&="0+ *,+8#0&%32/0
650+,+# 8&551+ " *,"6<%"860+3.5"#06 <&8&56B, #"=6,&+-1+ #6#0+-"B -"7
560",65?& 5& %1:6#360+3.51; )<3&;. F"D0"-) "#"="+ %56-&56+ )8+32+0#2
"=<",) -+0"8"% &5&36<& %,+-+551; ,28"%, *"3):&+-1; 6< 8&551; #6#0+-
-"560",65?&.

H 8%01+&+ 1.3 *,"%"860#2 &5&36< *,+8#0&%3+551; ,&5++ -+0"8"% 6
6; *,6-+56-"#0. 832 ,+9+562 *"#0&%3+55"B <&8&:6.

E#)8%5 :&%6% *"#%2G+5& 6##3+8"%&56/ 6 ,&<,&="0$+ -+0"8"% 832
%12%3+562 #;"46; #)*+,$"-*./0+,51; *,63"4+56B 5& "#5"%+ #0&06:+#$"B
65>",-&@66. H 8&55"-) #3):&+, *,63"4+562 =)8)0 #:60&0.#2 #;"46-6,
+#36 6; 6#*"352+-1+ >&B31 6#*"3.<)/0 #;"46+ 6-+5& >)5$@6B 6 *+,+7
-+551;.

H 8%01+&+ 2.1 ,&##-&0,6%&+0#2 *,+83&?&+-1B -+0"8 5& "#5"%+ *,67
-+5+562 -"8+36 5+B,"55"B #+06 Doc2Vec. L0"0 -+0"8 6#*"3.<)+0#2 832
&5&36<& 6#*"352+-1; 6 "=K+$051; >&B3"%, :0" 0,+=)+0 *"3):+562 8"#0)7
*& $ *"351- *)02- $ D06- >&B3&-. F"#3+ *"3):+562 *)0+B $ >&B3&-, #
*"-"G./ Linux )063601 ‘nm‘ 6<%3+$&/0#2 6-+5& 6#*"3.<)+-1; >)5$@6B
6 *+,+-+551;. L06 6-+5& #3)4&0 6#0":56$"- 8&551; 832 -"8+36 Doc2Vec,
$"0",&2 -"4+0 *,+"=,&<"%&0. D0"0 5&=", 8&551; % %+$0", >6$#6,"%&55"B
83651. E&551+ %+$0",& #,&%56%&/0#2 # *"-"G./ $"#65)#5"?" ,&##0"2562,
$"0","+ "*,+8+32+0#2 $&$ +8656@& -65)# $"#65)# )?3& -+48) %+$0",&-6
="3.9"B ,&<-+,5"#06. X+- =364+ <5&:+56+ $"#65)#5"?" ,&##0"2562 $ 5)7
3/, 0+- ="3.9+ =36<"#0. -+48) %+$0",&-6.

A5>",-&@62 " *"351; *)02; $ 6#*"352+-1- 6 "=K+$051- >&B3&-
-"4+0 =10. *"3):+5& 5+*"#,+8#0%+55" "0 *3&56,"%G6$& <&8&56B (5&*,67
-+,, Slurm). C85&$" *"3.<"%&0+36 -"?)0 6#*"3.<"%&0. #$,6*01 <&*)#$&, %
$"0",1; <&*)#$&/0#2 5+#$"3.$" ,&<51; 6#*"352+-1; >&B3"%, 636 -"?)0
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<&*)#$&0. *,63"4+562 6< 8,)?"?" *,63"4+562 (5&*,6-+,, 6< 650+,*,+7
0&0",& Python), " $"0",1; *3&56,"%G6$ <&8&56B 5+ 6-++0 65>",-&@66.
()G+#0%)/0 ,&<36:51+ #*"#"=1 ,+9+562 8&55"B *,"=3+-1, "856- 6< $"7
0",1; 2%32+0#2 <&-+5& $"-&58 $"-*"5"%G6$& (ld) 6 <&*)#$& (mpirun).
L0" *"<%"32+0 %#0&%60. %#*"-"?&0+3.5)/ #6#0+-), $"0",&2 *,6 *"*10$+
<&*)#$& *,63"4+562 =)8+0 6-+0. %"<-"45"#0. #";,&560. 65>",-&@6/ "
-+#0"*"3"4+566 %#+; <&*)#$&+-1; 6#*"352+-1; 6 #%2<&551; >&B3"%, $"7
36:+#0%+ <&*)G+551; 6#*"352+-1; >&B3"%, 65>",-&@66 " $"-*632@66
*,63"4+562 6 0.8.

H 8%01+&+ 2.2 *,+8#0&%3+5 *,+83&?&+-1B &3?",60- ,&="01 -+0"8&.
C5 %$3/:&+0 #3+8)/G6+ 9&?6:

– A<%3+:+56+ 8&551; "= 6#*"352+-1; >&B3&; <&8&56B. A#0":56$&7
-6 0&$"B 65>",-&@66 -"?)0 %1#0)*&0. *3&56,"%G6$6 <&8&56B
(Slurm, PBS), #0","556+ #6#0+-1 (XALT).

– A<%3+:+56+ 0+,-"% ’ 6#*"3.<)+-1; 6-+5 >)5$@6B 6 *+,+-+551;
’ 6< 6#*"352+-1; >&B3"% # *"-"G./ )063601 ‘nm‘.

– F,+8"=,&="0$& 0+,-"% ’ )8&3+56+ 5&6="3++ :&#0" %#0,+:&/G6;#2
6-+5 >)5$@6B 6 *+,+-+551;.

– F,6-+5+56+ -"8+36 Doc2Vec 5& *"3):+551; 0+,-&; 832 *"3):+562
%+$0",& >6$#6,"%&55"B 83651 832 8&55"?" 6#*"352+-"?" >&B3&.
E&551B %+$0", 6 =)8+0 6#*"3.<"%&0.#2 % 8&3.5+B9+- 832 %12%3+7
562 #;"4+#06 *,63"4+56B.

F%01+& 2.3 *"8,"=5" "*6#1%&+0 *,"@+## "=):+562 -"8+36 Doc2Vec 6
*"8=",& "*06-&3.51; *&,&-+0,"% -"8+36 # @+3./ )3):9+562 ++ *,"6<%"867
0+3.5"#06. E32 0+#06,"%&562 ,&="01 -"8+36 6 "*06-6<&@66 ++ *&,&-+0,"%
%,):5)/ =136 ,&<-+:+51 130 <&8&56B ,&<36:51; *"3.<"%&0+3+B. H *,"@+#7
#+ ,&<-+0$6 <&8&562 "=K+865236#. % ?,)**1 0&$6- "=,&<"-, :0"=1 <&8&562
%5)0,6 $&48"B ?,)**1 6-+36 % "#5"%5"- *+,+#+$&/G6+#2 6-+5& >)5$@6B
6 *+,+-+551;. E&551+ <&8&562 =136 6#*"3.<"%&51 0"3.$" 832 *+,%6:5"B
"@+5$6 $&:+#0%& ,&="01 -"8+36.

C@+5$& $&:+#0%& ,&="01 -+0"8& *,"%"863&#. #3+8)/G6- "=,&<"-:
– Y $&48"?" 6< ,&<-+:+551; <&8&56B =136 6<%3+:+51 6#*"3.<)+-1+

6-+5& >)5$@6B 6 *+,+-+551;.
– ( *"-"G./ -"8+36 Doc2Vec 6-+5& >)5$@6B 6 *+,+-+551; =136

*,+"=,&<"%&51 % %+$0",& >6$#6,"%&55"B 83651.
– Z *"3):+551- %+$0",&- =13" *"*&,5" *,6-+5+5" $"#65)#5"+

#;"8#0%", :0" 8&+0 -&0,6@) ,&##0"256B -+48) ,&<-+:+551-6 <&7
8&562-6.

– !&0,6@& ,&##0"2562 *"8&+0#2 5& %;"8 -+0"8) 6+,&,;6:+#$"B $3&7
#0+,6<&@66 (6#*"3.<"%&3#2 -+0"8 &?3"-+,&06%5"B $3&#0+,6<&@66),
:0" % ,+<)3.0&0+ 8&+0 &%0"-&06:+#$)/ ?,)**6,"%$) (,&<-+0$)) <&7
8&56B, $"0",&2 #,&%56%&+0#2 # ,):5"B.
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E32 "@+5$6 $&:+#0%& ,&="01 -"8+36 6#*"3.<"%&3#2 Adjusted Rand Index,
$"0",1B %12%32+0 #0+*+5. #;"8#0%& -+48) ,):5"B 6 &%0"-&06:+#$"B ,&<7
-+0$"B D3+-+50"%.

F,"%"863&#. "*06-6<&@62 *&,&-+0,"% -"8+36 Doc2Vec, 0&$6; $&$
,&<-+,5"#0. %+$0",& >6$#6,"%&55"B 83651, & 0&$4+ *,+8"=,&="0$& 6#7
*"3.<)+-1; 6-+5 >)5$@6B 6 *+,+-+551;. F,+8"=,&="0$& <&$3/:&3&#. %
6#$3/:+566 :&#0" 6#*"3.<)+-1; 6-+5 >)5$@6B 6 *+,+-+551;, 0&$ $&$
8&551+ 6-+5& 5+ 8"=&%32/0 5"%"B 65>",-&@66 "= 6#*"352+-"- 6 "=K7
+$05"- >&B3+. F"#3+ *,"@+##& "*06-6<&@66 *&,&-+0,"%, =13& *"3):+5&
"@+5$& Adjusted Rand Index, #"#0&%32/G&2 0.79, :0" *"$&<1%&+0 ;","9++
$&:+#0%" ,&="01.

G8+#’5 :&%6% *"#%2G+5& 6##3+8"%&56/ 6 ,&<,&="0$+ 865&-6:+#$6;
-+0"8"% *"6#$& #;"46; *,63"4+56B.

F%01+& 3.1 5&:65&+0#2 # "*6#&562 8&551; " *"%+8+566 *,63"4+7
562, $"0",1+ 6#*"3.<)/0#2 % $&:+#0%+ %;"851; 8&551; 832 ,&<,&="0&551;
-+0"8"%. C56 *,+8"#0&%32/0#2 #)G+#0%)/G+B #6#0+-"B -"560",65?&, $"7
0",&2 #"=6,&+0 )#,+85+551+ 8&551+ 8&0:6$"% #" %#+; %1:6#360+3.51;
)<3"% #)*+,$"-*./0+,&. L06 8&551+ "*6#1%&/0 <&?,)<$) @+50,&3.51;
*,"@+##","% 6 ?,&>6:+#$6; )#$",60+3+B, 650+5#6%5"#0. ,&="01 # *&-20./
($"36:+#0%" *,"-&;"% % L1 6 L3 $D9-*&-20. % #+$)58)) 6 #+0./ ($"36:+7
#0%" "0*,&%3+551; 6 *,65201; *" $"--)56$&@6"55"B #+06 =&B0 8&551; %
#+$)58)) 6 0.8., 6 % 8&3.5+B9+- "56 =)8)0 5&<1%&0.#2 865&-6:+#$6-6 ;&7
,&$0+,6#06$&-6. M5&:+562 $&48"B 865&-6:+#$"B ;&,&$0+,6#06$6 %" %,+7
-2 %1*"35+562 #)*+,$"-*./0+,5"?" <&8&562 >",-6,)/0 %,+-+55"B ,28,
% $"0","- $&48&2 0":$& *,+8#0&%32+0 #"="B )#,+85+55"+ <5&:+56+ #""0%+07
#0%)/G+?" 8&0:6$& <& %1=,&551B *+,6"8 ,&="01 *,63"4+562. H 0+$)G+B
#6#0+-+ -"560",65?& #)*+,$"-*./0+,& S"-"5"#"%-2 8&551+ &?,+?6,)/0#2
<& *+,6"8 % 1 -65)0). H ,+<)3.0&0+ $&48"+ <&8&56+ ;&,&$0+,6<)+0#2 -5"?"7
-+,51- %,+-+551- ,28"-, $"0",1B 6 2%32+0#2 5+"=;"86-1-6 %;"851-6
8&551-6 832 ,&="01 ,&<,&="0&55"?" -+0"8&. I&$6- "=,&<"-, % #3):&+
865&-6:+#$6; 8&551;, *,63"4+562 =)8)0 #:60&0.#2 #;"46-6, +#36 -5"7
?"-+,51+ %,+-+551+ ,281, "*6#1%&/G6+ *"%+8+56+ *,63"4+56B %" %,+-2
%1*"35+562, 2%32/0#2 #;"46-6.

H 8%01+&+ 3.2 "*6#1%&+0#2 *,+83&?&+-1B -+0"8 &5&36<& *"3)7
:+551; %,+-+551; ,28"%. E&551B -+0"8 6#*"3.<)+0 &3?",60- Dynamic
Time Warping (DTW), $"0",1B 6G+0 "*06-&3.5"+ #""0%+0#0%6+ -+48)
0":$&-6 %,+-+551; ,28"%. L0" #""0%+0#0%6+ -"4+0 =10. 6#*"3.<"%&7
5" 832 *"3):+562 "@+5$6 ,&##0"2562 -+48) %,+-+551-6 ,28&-6, :0"
*"<%"360 "*,+8+360. #;"4+#0. <&8&56B, *,+8#0&%3+551; D06-6 ,28&-6.
E32 %1:6#3+562 ,&##0"2562 -+48) "08+3.51- 0":$&-6 %,+-+551; ,27
8"% 6#*"3.<)+0#2 O%$368"%" ,&##0"256+. C#5"%51-6 *,+6-)G+#0%&-6
DTW 2%32/0#2 +?" )#0"B:6%"#0. $&$ $ ?3"=&3.51-, 0&$ 6 $ 3"$&3.51-
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%,+-+551- #8%6?&-, $"0",1+ # 0":$6 <,+562 *,63"4+56B -"?)0 ;&,&$7
0+,6<"%&0.#2 6<-+5+56+- 8360+3.5"#06 %1*"35+562 "*,+8+3+551; D0&*"%
,&#:+0"% ($&$ <& #:+0 %&,6&@6B %5)0,6 *,63"4+562, 0&$ 6 6<-<& 6<-+5+56B
% *,"?,&--5"-&**&,&05"B #,+8+ #)*+,$"-*./0+,&), & 0&$4+ %"<-"45"#0.
,&#:+0& "@+5$6 ,&##0"2562 832 %,+-+551; ,28"% ,&<36:5"B 83651.

F%01+& 3.3 ,&##-&0,6%&+0 "865 6< %&45+B96; D0&*"% 865&-6:+#$"7
?" -+0"8& ’ *,+8"=,&="0$) 8&551; 6 "@+5$) 0":5"#06 ,&="01 -+0"8&.
E65&-6:+#$6+ ;&,&$0+,6#06$6 #)G+#0%+55" "036:&/0#2 *" #%"6- &=#"3/07
51- <5&:+562-, 6<-<& :+?" 5+"=;"86-" *,+"=,&<"%&0. $&481B *&,&-+0,
0&$6- "=,&<"-, :0"=1 %36256+ ;&,&$0+,6#06$ 5& 60"?"%"+ ,&##0"256+ =17
3" "865&$"%1-. C#5"%51-6 -+0"8&-6 2%32/0#2 #0&58&,06<&@62 (8&551+
*,+"=,&<)/0#2 0&$6- "=,&<"-, :0" 6; #,+85++ <5&:+56+ #0&5"%60#2 ,&%51-
5)3/, & #0&58&,05"+ "0$3"5+56+ ,&%5" +8656@+), 6 5",-&36<&@62 (*"<%"327
/G&2 *,6%+#06 <5&:+562 % 86&*&<"5 "0 0 8" 1). E,)?6- *,+"=,&<"%&56+-
2%32+0#2 3"?&,6>-6,"%&56+, % $"0","- $&48"+ <5&:+56+ x <&-+52+0#2 5&
<5&:+56+ log(1+x). I&$"+ *,+"=,&<"%&56+ 6-++0 #-1#3 832 8&551;, 6-+7
/G6; #63.5"+ #-+G+56+ $ <5&:+56/ 0, :0" ;&,&$0+,5" 832 5+$"0",1;
865&-6:+#$6; ;&,&$0+,6#06$, 0&$6; $&$ $"36:+#0%" *,"-&;"% % $D9 *&7
-20. *+,%"?" ),"%52 6 650+5#6%5"#0. 6#*"3.<"%&562 $"--)56$&@6"55"B
#+06. E&4+ *"#3+ #0&58&,06<&@66, ) 0&$6; 8&551; ="3.965#0%" <5&:+56B
=)8+0 6-+0. #-+G+56+ % #0","5) 0, 6 3"?&,6>-6,"%&56+ *"<%"32+0 )-+5.7
960. 0&$"+ #-+G+56+ 6 3):9+ ,&<36:&0. 56<$6+ <5&:+562 *"$&<&0+3+B
8&0:6$"%.

R& #3+8)/G+- 9&?+ 6##3+8"%&562 0,+="%&3"#. "@+560. %36256+ ,&<7
36:51; %68"% *,+"=,&<"%&56B 5& $&:+#0%" ,&="01 -+0"8&. E32 "@+5$6
0":5"#06 -+0"8& =13& *,"%+8+5& ,):5&2 ,&<-+0$& 300 *&, *,63"4+56B,
?8+ 832 $&48"B *&,1 =13" "0-+:+5", 2%32/0#2 36 D06 <&8&562 #;"467
-6 636 5+0.

I":5"#0. % 8&55"- #3):&+ "*,+8+323&#. $&$ "05"9+56+ $"36:+#0%&
*&, <&8&56B, *,&%63.5" "*,+8+3+551; $&$ #;"46+ 636 5+#;"46+, $ $"367
:+#0%) "=G6; *&, <&8&56B. R& ,&<-+:+551; 300 *&, *,63"4+56B 0":5"#0.
#"#0&%63& 0.7. L0" <5&:+56+ -"45" )3):960. *)0+- &5&36<& #3):&+%, %
$"0",1; -+0"8 #"%+,963 "96=$), 6 *"#3+8)/G6- *"6#$"- 6 6#*,&%3+7
56+- *,6:65 %"<56$5"%+562 D06; "96="$. F,"%+8+551B &5&36< *"$&<&3,
:0" 832 5+$"0",1; ;&,&$0+,6#06$ 0,+=)+0#2 8"*"3560+3.5"+ #564+56+ 6;
%362562. L0" =13" #8+3&5" # *"-"G./ *,6-+5+562 8"*"3560+3.51; %+7
#"%, $"0",1+ )-5"4&/0#2 5& <5&:+562 ;&,&$0+,6#06$ *"#3+ *,+8"=,&="0$6
8&551;. I&$6- "=,&<"-, =13" 5+"=;"86-" 5+ 0"3.$" *"8=6,&0. -+0"81
*,+"=,&<"%&562 832 $&48"B ;&,&$0+,6#06$6, 5" 6 <5&:+562 %+#"%. H ,+7
<)3.0&0+ *"8=",& -+0"8"% 6 <5&:+56B %+#"% )8&3"#. 8"#06:. 0":5"#06 0.9.
E32 "@+5$6 *,6-+56-"#06 -+0"8& *,+8"=,&="0$6 8&551; $ 5"%1- <&8&567
2-, 5+ 6#*"3.<"%&%96-#2 *,6 "*06-6<&@66 *&,&-+0,"%, =13" ,&<-+:+5"
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+G+ 425 *&, <&8&56B. L0" *"<%"363" 6#$3/:60. %"<-"45"#0. *+,+"=):+7
562 -+0"8& 5& 8&551;, 6#*"3.<"%&551; 832 "*06-6<&@66, 6 "=+#*+:60.
+?" D>>+$06%5)/ ,&="0) 5& ,+&3.51; 8&551;. I":5"#0. 5& D0"B %1=",$+
#"#0&%63& 0.85. R+<5&:60+3.5"+ #564+56+ 0":5"#06 *,6 "@+5$+ $&:+#0%& ,&7
="01 5& 0+#0"%"B %1=",$+ 2%32+0#2 "468&+-1- 6 *"$&<1%&+0 "0#)0#0%6+
*+,+"=):+562 *&,&-+0,"% -+0"8& *,+8"=,&="0$6 8&551;.

H 2+#6+8#)C :&%6+ *,6%+8+51 ,&<36:51+ *,6-+5+562 ,&<,&="7
0&551; -+0"8"% "=5&,)4+562 #;"46; *,63"4+56B % *,&$06$+ ,&="01
#)*+,$"-*./0+,5"?" @+50,&.

H 8%01+&+ 4.1 *,6%+8+5" "*6#&56+ ,+9+562 <&8&:6 %12%3+562 *,"7
?,&--51; *&$+0"% % #)*+,$"-*./0+,51; *,63"4+562;. H5&:&3+ *,6%"8607
#2 "*6#&56+ #)G+#0%)/G+B #6#0+-1 %18+3+562 *&$+0"%, 6#*"3.<)/G+B#2
5& #)*+,$"-*./0+,+ S"-"5"#"%-2, "#5"%&55"B 5& FC XALT. FC XALT
#"=6,&+0 *"351+ *)06 $" %#+- 6#*"352+-1- 6 "=K+$051- >&B3&-, 6#*"3.7
<)+-1- % *"3.<"%&0+3.#$6; *,63"4+562;. I+$)G&2 #6#0+-& %18+3+562
*&$+0"% "#5"%1%&+0#2 5& *"6#$+ $3/:+%1; #3"% % D06; *)02;, 6 *,6 "=7
5&,)4+566 0&$6; #3"% #:60&+0, :0" 6#*"3.<)+0#2 "*,+8+3+551B *&$+0. Y
8&55"B #6#0+-1 +#0. -5"4+#0%" 5+8"#0&0$"%, ?3&%51B 6< $"0",1; ’ 5+%"<7
-"45"#0. "*,+8+360. 6#*"3.<"%&56+ *,"?,&--5"?" *&$+0& *,6 6<-+5+566
6-+56 6#*"352+-"?" >&B3& 636 $&0&3"?&. Z&$ =)8+0 *"$&<&5" 8&3++, D06
5+8"#0&0$6 *,6%"820 $ 0"-), :0" FC XALT 5+ -"4+0 "=5&,)460. 6#*"3.7
<"%&56+ *&$+0"% % *"3"%65+ *"3.<"%&0+3.#$6; <&8&56B. H 8&3.5+B9+- %
8&55"B ?3&%+ 0+,-65 ”XALT” =)8+0 6#*"3.<"%&0.#2 832 "="<5&:+562 0+$)7
G+B #6#0+-1 %18+3+562 *&$+0"%.

(0"60 "08+3.5" "0-+060., :0" +#36 XALT "=5&,)463 6#*"3.<"%&56+
*&$+0&, 0" -"45" # ="3.9"B 8"3+B )%+,+55"#06 #$&<&0., :0" "5 D0" #8+7
3&3 $",,+$05". F,6 %1=",":5"B *,"%+,$+ <&8&56B $&$ *,6 *"%#+85+%5"-
6#*"3.<"%&566 FC, 0&$ 6 *,6 &*,"=&@66 *,+83&?&+-"?" #0&06:+#$"?" -+7
0"8& %18+3+562 *&$+0"% =136 %12%3+51 +8656@1 #3):&+%, $"?8& XALT
5+$",,+$05" %18+323 6#*"3.<"%&56+ *&$+0&. E&551B >&$0 *"<%"32+0 6#7
*"3.<"%&0. ,+<)3.0&0 ,&="01 XALT $&$ ;","96B 6#0":56$ ,&<-+0$6
8&551; 832 *,+83&?&+-"?" -+0"8&.

E&3++ *,+8"#0&%32+0#2 &3?",60- &8&*0&@66 #0&06:+#$"?" -+0"8& %17
8+3+562 #;"46; *,63"4+56B, "*6#&55"?" % ,&<8+3+ 2, 832 ,+9+562 <&8&:6
%18+3+562 *,"?,&--51; *&$+0"%. C#5"%5&2 #)0. *"8;"8& <&$3/:&+0#2 %
6#*"3.<"%&566 6#0",6:+#$6; 8&551; 832 "*,+8+3+562 #%"B#0% % 5"%1;
<&8&562;, $"0",1+ +G+ 5+ =136 6##3+8"%&51. ( *"-"G./ 6#0",6:+#$6;
8&551; #0,"60#2 =&<& <5&56B, $"0",&2 %$3/:&+0 % #+=2 65>",-&@6/ "=
6<):+551; ,&5++ <&8&562; 6 6#*"3.<)+-1; % 56; *&$+0&;. R"%1+ <&8&562
#,&%56%&/0#2 # )4+ *,"9+896-6 <&8&562-6 6< =&<1 <5&56B. O#36 % =&<+
<5&56B +#0. #;"4++ <&8&56+ ’ #:60&+0#2, :0" % 5"%"- <&8&566 6#*"3.<)/07
#2 %#+ 0+ 4+ *&$+01, :0" 6 % <&8&566 6< =&<1. E&551B *"8;"8 *,6-+56-
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$&$ $ #0&06:+#$"-), 0&$ 6 $ 865&-6:+#$"-) -+0"8&-. H 60"?+ *,+83&?&+0#2
6#*"3.<"%&0. #3+8)/G6B &3?",60- "=5&,)4+562 *&$+0"%:

1. F"#0,"+56+ =&<1 <5&56B
&) A<%3+:+56+ 6< 8&551; #6#0+-1 XALT %#+; <&8&56B <&

%1=,&551B *,"9+896B *+,6"8, 832 $"0",1; 6-++0#2
65>",-&@62 " 0"-, $&$6+ *,"?,&--51+ *&$+01 =136
6#*"3.<"%&51. E360+3.5"#0. *+,6"8& *"8=6,&+0#2 D-*67
,6:+#$6 &8-656#0,&0",&-6.

=) F"#0,"+56+ )56$&3.5"?" 5&=",& <&8&56B 6< *,+818)G+7
?" *)5$0&. Y56$&3.51- 5&=","- <&8&56B =)8+0 #:60&0.#2
0&$"B 5&=",, <&8&562 % $"0",1; 5+ #;"46 8,)? # 8,)?"-.
[)5$@62 #;"4+#06 =)8+0 6#*"3.<"%&0.#2 $&$ % #0&06:+7
#$"- -+0"8+ ’ $"#65)#5"+ #;"8#0%" 832 %1%"8& -"8+36
Doc2Vec.

%) (";,&5+56+ % =&<+ <5&56B *"3):+55"?" 5&=",& <&8&56B
$&$ -&##6% 6< *&, {<&8&56+ : 6#*"3.<)+-1+ *,"?,&--51+
*&$+01}.

2. F"#3+ *"3):+562 8&551; " 5"%"- <&8&566:
&) (,&%5+56+ 5"%"?" <&8&562 #" %#+-6 <&8&562-6 6< =&<1

<5&56B.
=) O#36 5&;"820#2 <&8&562 6< =&<1 <5&56B, ,&##0"256+ 8"

$"0",1; -+5.9+ *","?"%"?" <5&:+562, 0" #:60&+-, :0" %
5"%"- <&8&566 6#*"3.<)/0#2 &5&3"?6:51+ *,"?,&--51+
*&$+01.

%) (C*@6"5&3.5") O#36 0&$6+ <&8&562 5+ 5&;"820#2, 5"
8,)?&2 #6#0+-& %18+3+562 *&$+0"% (5&*,6-+,, XALT) "=7
5&,)463&, :0" *,"?,&--51+ *&$+01 *,6#)0#0%)/0, 0"
5+"=;"86-" 8"=&%60. 8&55"+ <&8&56+ % =&<) <5&56B.

P&<& <5&56B #0&06:+#$"?" -+0"8& "#5"%1%&+0#2 5& 6#*"3.<"%&566
8&551; XALT ’ #,+86 6#0",6:+#$6; 8&551; %1=6,&/0#2 %#+ <&8&562, % $"7
0",1; XALT "=5&,)463 6#*"3.<"%&56+ *&$+0"%. ( *"-"G./ #0&06:+#$"?"
-+0"8& %18+3+562 #;"46; <&8&56B -1 -"4+- 6#$3/:60. 0+ <&8&562, $"7
0",1+ *,&$06:+#$6 68+506:51 8,)? 8,)?), :0" *"<%"360 *"3):60. 0"3.$"
5&6="3++ ,+*,+<+50&06%51+ <&8&562 832 "*,+8+3+551; *&$+0"%, $"0",1+
=)8)0 %$3/:+51 % =&<) <5&56B.

I&$4+ % 8&55"- ,&<8+3+ "*6#1%&+0#2 *,"@+## &*,"=&@66 *"$&<&55"?"
-+0"8& 5& ,+&3.51; <&8&562;. E32 D0"?" =136 *,"&5&36<6,"%&51 <&8&562
<& 11 -+#2@+% 2022 ?"8&, 6 ,+<)3.0&01 ,&="01 *,+83"4+55"?" -+0"8& #,&%7
56%&/0#2 # XALT.

H" %,+-2 &*,"=&@66 #0&06:+#$"?" -+0"8& &5&36<6,"%&3&#. *,6-+,5"
71 01#2:& <&8&56B, #,+86 $"0",1; =13" %18+3+5" "$"3" 34 01#2: <&8&56B
# *&$+0&-6. Q+<)3.0&0 #,&%5+562 # XALT *"$&<&5& 5& 0&=36@+ ??, $"0",1B
*"$&<1%&+0, :0" XALT 6 #0&06:+#$6B -+0"8 #;"46 5& →92%. (,+86 %#+;
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2985 <&8&56B, % $"0",1; #0&06:+#$6B -+0"8 "=5&,)463 5&36:6+ *&$+0"%,
& XALT ’ 5+0, %#+ D06 <&8&562 8+B#0%60+3.5" 6#*"3.<"%&36 5&B8+551+ *&7
$+01. H 10% #3):&+% XALT "=5&,)463 *&$+01, $"0",1+ 5+ #-"? %12%60.
#0&06:+#$6B -+0"8. H D06; #3):&2; %"<-"45" 2 %&,6&50&: 636 XALT 5+$",7
,+$05" #,&="0&3, 636 #0&06:+#$6B -+0"8 5+ #-"? %18+360. 6#*"3.<"%&56+
*&$+0&. F+,%1B %&,6&50 %"<-"4+5 6<-<& 0"?", $&$ XALT %18+32+0 6#*"3.7
<"%&56+ *&$+0"%: 3/="+ *+,+6-+5"%&56+ 6-+56 6#*"352+-"?" >&B3& -"4+0
*,6%+#06 $ 5+$",,+$05"-) "*,+8+3+56/ *&$+0&. R& *,&$06$+ 0&$6+ #3):&6
5&;"8636#., 5" ,+8$". N5&36< #3):&+% %0","?" %&,6&50& *"<%"32+0 *"520.,
*":+-) *,+83"4+551B -+0"8 5+ #*,&%63#2 # *"#0&%3+55"B <&8&:+B. L0" -"7
4+0 =10. %1<%&5" 5+#$"3.$6-6 >&$0",&-6, 0&$6-6 $&$ 5+8"#0&0"$ *,&%
8"#0)*& 5& :0+56+ 6#*"352+-1; >&B3"%, 6; -"86>6$&@6/ 8" 5&:&3& &5&367
<& 636 "0#)0#0%6+ *"8"=5"?" <&8&562 % =&<+ <5&56B. F"#3+85// *,"=3+-)
-"45" ,+960. ,+?)32,51- "=5"%3+56+- =&<1 <5&56B.

I&=36@& 1 ’ Q+<)3.0&0 #,&%5+562 #0&06:+#$"?" -+0"8& # XALT
F&$+0 "=5&,)4+5
#0&06:+#$6- -+0"7
8"-

F&$+0 5+ "=5&,)4+5
#0&06:+#$6- -+0"7
8"-

F&$+0 "=5&,)4+5 #
*"-"G./ XALT

27667 2857

F&$+0 5+ "=5&,)4+5
# *"-"G./ XALT

2985 37491

(3+8)/G6- 9&?"- 2%32+0#2 &8&*0&@62 865&-6:+#$"?" -+0"8& %18+7
3+562 #;"46; *,63"4+56B, "*6#&55"?" % ,&<8+3+ 3, 832 ,+9+562 <&8&:6
%18+3+562 *,"?,&--51; *&$+0"%. N3?",60-, "*6#&551B %19+ 832 #0&067
:+#$"?" -+0"8&, *,6-+56- 6 832 865&-6:+#$"?", <& 6#$3/:+56+- -+0"8&
*"#0,"+562 =&<1 <5&56B.

F"#0,"+56+ =&<1 <5&56B 832 865&-6:+#$"?" -+0"8& &5&3"?6:5" 0"-),
$&$ D0" =13" #8+3&5" 832 #0&06:+#$"?" -+0"8&, <&0,)8560+3.5". L0"-)
*,+*20#0%)/0 5+#$"3.$" *,6:65:

– Z"36:+#0%" %&,6&50"% *"%+8+562 "85"?" 6 0"?" 4+ 6#*"352+-"?"
>&B3& -"4+0 =10. %+36$", $&$ -656-)- 6<-<& ,&<36:51; %;"87
51; 8&551; 6 *&,&-+0,"% <&*)#$&, *"D0"-) 832 "85"?" *,63"4+562
5+8"#0&0":5" 6-+0. 0"3.$" "865 <&*)#$ % =&<+ <5&56B.

– A<-<& %1:6#360+3.5"B #3"45"#06 865&-6:+#$"?" -+0"8& 5+ *,+8"7
#0&%32+0#2 %"<-"451- #,&%5+56+ <&8&56B <& ":+5. 8360+3.51B
*+,6"8.

F" "*10) &8-656#0,&0","%, *"3.<"%&0+36 :&#0" *"#3+8"%&0+3.5" <&7
*)#$&/0 <&8&562, $"0",1+ 6-+/0 #;"4++ *"%+8+56+. Y:601%&2 8&551B
>&$0 6 *,6:651, )$&<&551+ ,&5++, -"45" 6#*"3.<"%&0. #3+8)/G6B &37
?",60- 832 *"#0,"+562 =&<1 <5&56B:
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– Q&##-"0,+56+ <&8&56B 0"3.$" <& 5+="3.9"B %,+-+55"B *+,6"8, 5&7
*,6-+,, <& *"#3+856+ 1.5 -+#2@&.

– A#*"3.<"%&56+ #"%-+#051; 8&551; "0 XALT 6 #0&06:+#$"?" -+0"8&
832 *"3):+562 #""0%+0#0%62 {*"%+8+56+ <&8&562 : 6#*"3.<)+-1B
*,"?,&--51B *&$+0}.

– ( *"-"G./ 865&-6:+#$"?" -+0"8& 5&;"48+56+ <&8&56B #" #;"46-
*"%+8+56+-, :0" 6#$3/:60 % =&<+ <5&56B 8)=36$&01 *" *"%+8+56/.

– A#*"3.<"%&56+ *"3):+551; <&8&56B $&$ =&<) <5&56B 832 %12%3+7
562 *&$+0"%.

H ;"8+ D$#*+,6-+50"% 6#*"3.<"%&36#. <&8&562 <& *,+818)G6+ 1.5 -+7
#2@&, 6<-<& :+?" % =&<+ <5&56B % #,+85+- 5&;"8636#. 1.5 01#2: <&8&56B.

E32 &*,"=&@66 865&-6:+#$"?" -+0"8& =136 *,"&5&36<6,"%&51 <&7
8&562 <& 2 -+#2@& ,&="01 #)*+,$"-*./0+,& S"-"5"#"%-2. H#+?" =13"
*,"&5&36<6,"%&5" 3300 <&8&56B. I&$"+ 5+="3.9"+ $"36:+#0%" <& D0"0 *+,67
"8 "=K2#52+0#2 #3+8)/G6-6 *,6:65&-6: 1) 5+ ,&##-&0,6%&36#. <&8&562,
$"0",1+ %1*"35236#. -+5.9+ :&#&, 0&$ $&$ D0" 5+ 8&+0 8"#0&0":5"+ $"367
:+#0%" 865&-6:+#$6; 8&551; 832 $",,+$05"?" &5&36<& %,+-+551; ,28"%;
2) 8&551+ -"?)0 "0#)0#0%"%&0. 6<-<& #="+% % ,&="0+ #6#0+-1 -"560",65?&.
I&$ $&$ 6 XALT, 6 #0&06:+#$6B -+0"8 %18+3+562 *&$+0"% "#5"%1%&/0#2
5& &5&36<+ #0&06:+#$6; 8&551; <&8&562, #,&%5+56+ ,+<)3.0&0"% ,&="01 867
5&-6:+#$"?" -+0"8& =13" *,"6<%+8+5" # $"-=656,"%&551-6 ,+<)3.0&0&-6
,&="01 XALT 6 #0&06:+#$"?" -+0"8&, 0.+. +#36 ;"02 =1 "865 6< -+0"8"%
%18+3+562 *&$+0& "=5&,)463 6#*"3.<"%&56+ *&$+0&, 0" #:60&+0#2, :0" "5
*,6#)0#0%)+0. Q+<)3.0&0 #,&%5+562 *"$&<&3, :0" 865&-6:+#$6B -+0"8 5+
#-"? %18+360. *&$+01 % 15% <&8&56B, 6<-<& :+?" 6#*"3.<"%&56+ 0"3.$"
865&-6:+#$"?" -+0"8& % ="+%"- ,+46-+ 5+ *,+8#0&%32+0#2 @+3+#""=,&<7
51-. Q+<)3.0&0 #,&%5+562 865&-6:+#$"?" -+0"8& #" #0&06:+#$6- -+0"8"-
6 XALT *,+8#0&%3+5& % 0&=36@+ ??. E"*"3560+3.5&2 ,):5&2 *,"%+,$& <&7
8&56B, % $"0",1; 865&-6:+#$6B -+0"8 "=5&,)463 *&$+0, % 0" %,+-2 $&$
8,)?6+ -+0"81 D0"?" 5+ #8+3&36, *"$&<&3&, :0" $&$ -656-)- % 0,+06 #3)7
:&+% 8+B#0%60+3.5" 6#*"3.<"%&3#2 5&B8+551B *&$+0 (% "#0&3.51; #3):&2;
"85"<5&:5"?" %1%"8& #8+3&0. 5+ )8&3"#.).

I&=36@& 2 ’ Q+<)3.0&0 #,&%5+562 865&-6:+#$"?" -+0"8& # XALT 6 #0&7
06:+#$6- -+0"8"-

F&$+0 "=5&,)4+5
865&-6:+#$6-
-+0"8"-

F&$+0 5+
"=5&,)4+5 865&7
-6:+#$6- -+0"8"-

F&$+0 "=5&,)4+5 XALT 6
#0&06:+#$6- -+0"8"-

1783 250

F&$+0 5+ "=5&,)4+5
XALT 6 #0&06:+#$6- -+7
0"8"-

358 903
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C#"="+ %56-&56+ )8+32+0#2 %5+8,+56/ ,&<,&="0&55"B #6#0+-1 "=7
5&,)4+562 *&$+0"% 5& "#5"%+ #0&06:+#$"?" -+0"8& 832 *"#0"255"?" 6#7
*"3.<"%&562 5& #)*+,$"-*./0+,5"B #6#0+-+ S"-"5"#"%-2. R+#-"0,2 5&
%"<-"45"#0. 6#*"3.<"%&562 865&-6:+#$"?" -+0"8& #"%-+#05" #" #0&06:+7
#$6-, =13" *,6520" ,+9+56+ 5+ *,6-+520. +?" 832 *"#0"255"B "=,&="0$6
#)*+,$"-*./0+,5"?" *"0"$& <&8&56B. I&$"+ ,+9+56+ =13" "=)#3"%3+7
5" 0+-, :0" 8"*"3560+3.5"+ 6#*"3.<"%&56+ 865&-6:+#$"?" -+0"8& 369.
5+-5"?" )%+36:6%&+0 0":5"#0. ,&="01, "85&$" <&-+05" )%+36:6%&+0 %1:6#7
360+3.5)/ #3"45"#0. *,+83"4+55"?" ,+9+562.

Q6#)5"$ 1 ’ F,6-+, "0:+0& *" <&8&562- # "=5&,)4+551-6 *&$+0&-6

N5&36< #)*+,$"-*./0+,5"?" *"0"$& <&8&56B *,"%"860#2 #0&06:+#$6-
-+0"8"- *+,6"86:+#$6 (*" )-"3:&56/ $&481+ 30 -65)0). H *,"@+##+ &5&7
36<& "=5&,)4+551+ *,"?,&--51+ *&$+01 #";,&52/0#2 % 3"$&3.5)/ =&<)
8&551;. O4+85+%5" &8-656#0,&0",&- *,+8"#0&%32+0#2 "0:+0 # )$&<&56+-
0"?", $&$6+ *&$+01 =136 "=5&,)4+51 % <&8&562; # *"-"G./ #0&06:+#$"7
?" -+0"8& 6 XALT. L0" "=+#*+:6%&+0 ="3++ )8"=5"+ #,&%5+56+ ,+<)3.0&0"%
,&="01 "="6; -+0"8"%. F,6-+, 8&55"?" "0:+0& *"$&<&5 5& ,6#)5$+ ??.

Q+<)3.0&01 ,&="01 -+0"8"% %18+3+562 *,"?,&--51; *&$+0"% <& 2021
6 2022 ?"81 *"$&<&51 % 0&=36@+ ??. F,6-+5+56+ #0&06:+#$"?" -+0"8&
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*"<%"363" %12%60. % 1.5 ,&<& ="3.9+ <&8&56B (% 2 ,&<& ="3.9+ *,"@+##","7
:&#"%) *" #,&%5+56/ # 6#*"3.<"%&56+- 0"3.$" XALT. N 832 *&$+0"%, $&$,
5&*,6-+,, Espresso, #0&06:+#$6B -+0"8 %18+363 % 4 ,&<& ="3.9+ <&8&56B.

R& 0+$)G6B -"-+50 *,63"4+562, % $"0",1; =13" "=5&,)4+5" 6#7
*"3.<"%&56+ *,"?,&--51; *&$+0"%, #"#0&%32/0 47% "0 "=G+?" $"36:+#0%&
6#*"3.<)+-1; *,"@+##","-:&#"%. I&$"B 56<$6B *,"@+50 "=)#3"%3+5 0+-,
:0" 5+ %#+ *"3.<"%&0+36 6#*"3.<)/0 *,"?,&--51+ *&$+01 832 ,+9+562
#%"6; *,6$3&851; <&8&:, & 0&$4+ 0+-, :0" &8-656#0,&0",&- 5+6<%+#051
5+$"0",1+ *&$+01, $"0",1+ -"?)0 6#*"3.<"%&0. *"3.<"%&0+36.

I&=36@& 3 ’ Z"36:+#0%" <&8&56B, % $"0",1; %12%3+5" 6#*"3.<"%&56+ *,"7
?,&--51; *&$+0"%, ,+<)3.0&01 832 XALT 6 #0&06:+#$"?" -+0"8&

F&$+0 (0&06:+#$6B
-+0"8 636

XALT

A #0&06:+#$6B
-+0"8, 6 XALT

I"3.$"
XALT

I"3.$"
#0&06:+#$6B

-+0"8
LAMMPS 16 493 14 332 719 1 442

VASP 5 647 3 253 1 438 956
Amber 455 278 91 86
Cabaret 849 196 60 593
Espresso 1 198 226 9 963

Orca 444 280 107 57

H 8%01+&+ 4.2 "*6#1%&+0#2 ,+9+56+ <&8&:6 $3&#0+,6<&@66 #)*+,$"-7
*./0+,51; <&8&56B. E&/0#2 =&<"%1+ "*,+8+3+562 <&8&:6 $3&#0+,6<&@66
*,63"4+56B, & 0&$4+ "*6#1%&+0#2, $&$6+ -+0"81 -"?)0 =10. *,6-+5+51
832 ,+9+562 8&55"B <&8&:6. Z3&#0+,6<&@62 <&8&56B % "#5"%5"- *"3+<5&
&8-656#0,&0",&-, 5&*,6-+,, 832 %12%3+562 5&6="3++ %3620+3.51; <&8&7
56B # 0":$6 <,+562 6#*"3.<)+-1; ,+#),#"% 6 &5"-&3.51; <&*)#$"%, 5"
-"4+0 =10. *"3+<5& 6 *"3.<"%&0+32- 832 )*,"G+562 *,"@+##& &5&36<&
#%"6; *,63"4+56B *,6 ="3.9"- :6#3+ 6; <&*)#$"%. C#"="+ %56-&56+ )8+7
32+0#2 #*"#"=&- "@+5$6 $&:+#0%& ,&="01 -+0"8"% $3&#0+,6<&@66. H#+?"
#)G+#0%)+0 8%& #*"#"=&: *+,%1B *,6-+52+0#2 *,6 5&36:66 ,):5"B ,&<-+07
$6 ?,)** D3+-+50"%, %0","B ’ % #3):&+ ++ "0#)0#0%62. H 5&9+- #3):&+
5&6="3++ *"8;"860 -+0"8 Adjusted Rand Index, *,65&83+4&G6B $ *+,%"7
-) 06*).

E&3++ "*6#1%&+0#2 *,+83"4+551B -+0"8 $3&#0+,6<&@66, $"0",1B "#7
5"%&5 5& #"%-+#05"- *,6-+5+566 #0&06:+#$"?" 6 865&-6:+#$"?" -+0"8"%
%18+3+562 #;"46; *,63"4+56B. !+0"8 "#5"%&5 5& *,+8*"3"4+566 " 0"-,
:0" <&8&562 -"?)0 =10. *";"46 *" *"%+8+56/ 0"3.$" % 0"- #3):&+, +#36
6; 6#*"352+-1+ >&B31 #;"46. E&55"+ *,+8*"3"4+56+ *"80%+,48&+0#2 5&7
=3/8+562-6 &8-656#0,&0","% " ,+&3.51; <&*)#$&+-1; <&8&562;. H #%2<6
# D06- &3?",60- #"#0"60 6< 8%); D0&*"%. F+,%1B D0&* <&$3/:&+0#2 % 6#7
*"3.<"%&566 #0&06:+#$"?" -+0"8& 832 *"3):+562 "@+5$6 ,&##0"2562 -+48)
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<&8&562-6 5& "#5"%+ &5&36<& 6#*"352+-1; >&B3"%. F"3):+551+ <5&:+562
,&##0"256B -"?)0 =10. $3&#0+,6<"%&51 832 >",-6,"%&562 ="3.96; ?,)**
<&8&56B, $"0",1+ #;"46 #0&06:+#$6. H0",1- D0&*"- 2%32+0#2 *,6-+5+56+
865&-6:+#$"?" -+0"8& %18+3+562 #;"46; *,63"4+56B 832 "*,+8+3+562
,&##0"2562 -+48) <&8&562-6 %5)0,6 $&48"?" #0&06:+#$"?" $3&#0+,&. F"7
3):+551+ <5&:+562 ,&##0"256B 0&$4+ -"?)0 =10. $3&#0+,6<"%&51, :0"
*"<%"360 >",-6,"%&0. ?,)**1 <&8&56B, $"0",1+ #;"46 5+ 0"3.$" #0&067
:+#$6, 5" 6 *" #%"+-) *"%+8+56/. F"3):+55&2 5& D0"- D0&*+ ,&<-+0$&
#0&5"%60#2 >65&3.51- ,+<)3.0&0"- ,&="01 &3?",60-&.

X&#0" % -+0"8&; $3&#0+,6<&@66 *,6-+52+0#2 O%$368"%" ,&##0"256+
% $&:+#0%+ -+0,6$6 832 6<-+,+562 ,&##0"2562 -+48) D3+-+50&-6, 5"
% 0&$"- #3):&+ 5+3.<2 6#*"3.<"%&0. ,+<)3.0&01 ,&="01 #0&06:+#$"?" 6
865&-6:+#$"?" -+0"8"%, 0&$ $&$ % 8&551; -+0"8&; $3&#0+,6<&@66 6#*"3.7
<)/0#2 #%"B#0%& O%$368"%& ,&##0"2562, $"0",1+ "0#)0#0%)/0 % "@+5$&;
,&##0"2562 ) #0&06:+#$"?" 6 865&-6:+#$"?" -+0"8"%. E32 $3&#0+,6<&@66
D3+-+50"% # 5+#0&58&,051-6 >)5$@62-6 ,&##0"2562 :&#0" *,6-+52/0#2
6+,&,;6:+#$6+ -+0"81, % $"0",1; *,"6#;"860 *"#3+8"%&0+3.5"+ "=K+865+7
56+ -+5.96; $3&#0+,"% % ="3.96+ 636 ,&<8+3+56+ ="3.96; $3&#0+,"% 5&
-+5.96+. H 8&55"B ,&="0+ 6#*"3.<"%&3#2 -+0"8 &?3"-+,&06%5"B $3&#0+,67
<&@66, % $"0","- -&31+ $3&#0+,& "=K+8652/0#2 % "865 % <&%6#6-"#06 "0
,&##0"2562 -+48) D3+-+50&-6.

(3+8)/G6- 3"?6:+#$6- 9&?"- 2%32+0#2 *"8=", *&,&-+0,"% &3?",607
-& # @+3./ *"%19+562 0":5"#06 +?" ,&="01. H 8&55"- #3):&+, *"#$"3.$)
-1 6#*"3.<)+- -+0"81 "@+5$6 ,&##0"2562 -+48) <&8&562-6, D06 -+0"81
)4+ 5&#0,"+51, 6 *"D0"-) 5+"=;"86-" *"8"=,&0. 0"3.$" *&,&-+0,1 -+0"7
8"% $3&#0+,6<&@66. E32 "@+5$6 $&:+#0%& ,&="01 =13" *,6520" ,+9+56+
0&$4+ 6#*"3.<"%&0. Adjusted Rand Index, "85&$" 832 +?" ,&="01 0,+=)+07
#2 ,):5&2 ,&<-+0$& *,63"4+56B. H #%2<6 # D06- =13& %1*"35+5& ,):5&2
,&<-+0$& *,6-+,5" 600 *,63"4+56B, % $"0",1; 300 <&8&56B 6#*"3.<"%&7
36#. 832 "*06-6<&@66 *&,&-+0,"% ("=):&/G&2 %1=",$&), & "#0&3.51+ 300
’ 832 *,"%+,$6 0"?", :0" %1=,&551B 5&=", *&,&-+0,"% 5+ *+,+"=):+5 6
=)8+0 ;","9" *+,+5"#60.#2 6 5& 8,)?)/ %1=",$) *,63"4+56B (0+#0"%&2 %17
=",$&). H ,+<)3.0&0+ "*06-6<&@66 5& "=):&/G+B %1=",$+, <5&:+56+ "@+5$6
5& 0+#0"%"B %1=",$+ 6<-+563"#. # 0.7 8" 0.8, :0" #%68+0+3.#0%)+0 "= )3):7
9+566 $&:+#0%& ,&="01 -+0"8&.

F,6 *+,6"86:+#$"B "=,&="0$+ *"0"$&, %"<56$&+0 *"0,+=5"#0. % $3&7
#0+,6<&@66 5"%1; <&8&56B, <&%+,96%96;#2 <& *,"9+896B *+,6"8. F"7
#$"3.$) 6+,&,;6:+#$&2 $3&#0+,6<&@62 5+ -"4+0 8"=&%320. 5"%1+ <&8&562
$ )4+ #)G+#0%)/G+B ,&<-+0$+, $&481B ,&< 0,+=)+0#2 *,"%"860. $3&#0+7
,6<&@6/ <&5"%", :0" 2%32+0#2 %1:6#360+3.5" <&0,&051- *,6 %1*"35+566
:&#0"?" &5&36<& 650+5#6%5"?" *"0"$& <&8&56B. E32 ,+9+562 D0"B *,"=3+7
-1 =13 *,+83"4+5 )*,"G+551B -+0"8, "#5"%&551B 5& $3&#0+,6<&@66 #
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6#*"3.<"%&56+- -+0"8& =364&B9+?" #"#+8&. A8+2 -+0"8& #;"4& # *,+87
3"4+55"B ,&5++ 68++B -+0"8& %18+3+562 6#*"3.<"%&562 *,"?,&--51;
*&$+0"%. A-++0#2 =&<& <5&56B, # <&8&562-6 6< $"0","B #,&%56%&+0#2 5"%"+
*,63"4+56+. H 8&55"- #3):&+ =&<"B <5&56B %1#0)*&+0 ,+<)3.0&0 ,&="01
,&5++ "*6#&55"?" -+0"8& $3&#0+,6<&@66, 0" +#0. #""0%+0#0%6+ {<&8&56+ :
ID ?,)**1, $ $"0","-) *,65&83+460 <&8&56+}. O#36 5&;"860#2 =36<$"+ <&7
8&56+ % =&<+ <5&56B, #:60&+0#2, :0" 5"%"+ <&8&56+ 0"4+ "05"#60#2 $ 8&55"B
?,)**+. L0"0 &3?",60- <5&:60+3.5" )*,"G&+0 ,&="0) -+0"8& $3&#0+,6<&7
@66, "85&$" 0,+=)+0#2 *,"%+,60., 5&#0"3.$" *,6 D0"- #564&+0#2 $&:+#0%"
,&="01. E32 *,"%+,$6 D0"?" =13" *,+83"4+5" #,&%560. ,+<)3.0&0 ,&="01
*,+83"4+55"?" )*,"G+55"?" -+0"8& # ,+<)3.0&0"- 6#;"85"B %+,#66 &3?"7
,60-& $3&#0+,6<&@66 <& >6$#6,"%&551B *,"-+4)0"$ %,+-+56 # *"-"G./
"@+5$6 Adjusted Rand Index. H *,"%+,$+ ):&#0%"%&3" "$"3" 1.5 01#2: <&8&7
56B. M5&:+56+ "@+5$6 Adjusted Rand Index #"#0&%63" 0.99, :0" )$&<1%&+0
5& *,&$06:+#$)/ 68+506:5"#0. ,&<-+0$6 <&8&56B ) "="6; -+0"8"%.

F"#3+ "=G+?" "*6#&562 -+0"8& $3&#0+,6<&@66 *,63"4+56B, *,6%"7
820#2 *,6-+,1 +?" *,6-+5+562 5& *,&$06$+. C865 6< 0&$6; *,6-+,"% ’
%18+3+56+ &5"-&3.51; <&*)#$"% *,63"4+56B % #+,62; <&*)#$"% <&8&56B
*"3.<"%&0+32. M&:&#0)/ *"3.<"%&0+36 <&*)#$&/0 ="3.9"+ $"36:+#0%" "87
5"06*51; D$#*+,6-+50"% # 5+="3.96-6 6<-+5+562-6 %" %;"851; 8&551;
636 *&,&-+0,&; <&*)#$&, 6 8&551+ <&*)#$6 "=1:5" 6-+/0 #;"4++ *"%+8+56+
%" %,+-2 6; 6#*"35+562. !+0"8 $3&#0+,6<&@66 -"4+0 "=K+86560. 8&551+
<&8&562 % "85) ?,)**), 6 -"45" 6#*"3.<"%&0. 8&55"+ #%"B#0%" 832 %18+3+7
562 &5"-&36B. H 8&55"- $"50+$#0+ &5"-&36+B 2%32+0#2 <&8&56+, $"0","+
#)G+#0%+55" "036:&+0#2 "0 *,+818)G6; 6 *"#3+8)/G6; <&8&56B *" #%"+7
-) *"%+8+56/ %" %,+-2 6#*"35+562 ($"50+$#0 <&8&562). F,6:65&-6 0&$"?"
#)G+#0%+55"?" "036:62 -"?)0 =10. <&*)#$ 8,)?"?" *,63"4+562, 6<-+5+7
56+ *&,&-+0,"% <&*)#$&, %362/G++ 5& *"%+8+56+ *,"?,&--1 (5&*,6-+,,
6<-+5+56+ &3?",60-& "=,&="0$6 8&551;/,&#:+0&), #*+@6>6:+#$6+ "#"=+57
5"#06 ,+&36<&@66 *,"?,&--1, *,6 $"0",1; 832 "*,+8+3+55"?" 5&=",&
%;"851; 8&551;/*&,&-+0,"% 5&=3/8&+0#2 5+06*6:5"+ *"%+8+56+, "96=$&
% ,+&36<&@66 *,63"4+562, :0" *,6%"860 $ 5+$",,+$05"-) *"%+8+56/, 636
&**&,&051+/#6#0+-51+ #="6 5& %1:6#360+3.51; )<3&; #)*+,$"-*./0+,&.

()G+#0%)/0 #60)&@66, $"?8& "=5&,)460. &5"-&366 % ,&="0+ <&8&7
562 5+%"<-"45" =+< ):+0& $"50+$#0& 6 &5&36<& #+,66 <&*)#$"%. R&*,6-+,,
:,+<-+,5&2 "=G&2 5&?,)<$& 5& #+0+%)/ >&B3"%)/ #6#0+-) -"4+0 #56<60.
*,"6<%"860+3.5"#0. <&8&562, :0" %18+32+0 +?" #,+86 06*6:51; <&*)#$"%.
(="6 5& $"--)0&0",&; -"?)0 *,6%+#06 $ <&8+,4$&- % #+06, :0" %362+0
5& 6#*"3.<"%&56+ CPU 6 650+5#6%5"#0. #+0+%"B 5&?,)<$6, 6 =+< ):+0&
#+,66 <&*)#$"% 0&$6+ &5"-&366 -"?)0 =10. ,&#@+5+51 $&$ "#"=+55"#06
*,"?,&--5"B ,+&36<&@66. E32 %12%3+562 0&$6; &5"-&36B *,+83&?&+0#2
6#*"3.<"%&0. #3+8)/G6B *"8;"8: +#36 #,+86 *"#3+8"%&0+3.51; <&*)#$"%
*,63"4+56B "85"B ?,)**1 *"*&8&+0#2 <&8&56+ 8,)?"B ?,)**1, D0" -"4+0
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)$&<1%&0. 5& &5"-&3.5"+ *"%+8+56+. F,6-+, 0&$"?" <&*)#$& (Job 7) *"$&7
<&5 564+, ?8+ ,&<51+ ?,)**1 *,63"4+56B "="<5&:+51 ,&<51-6 @%+0&-6.

Job1,Job2,Job3,Job4,Job5,Job6,Job7,Job8,Job9,Job10,Job11,Job12

F,6 &5&36<+ <&8&56B #)*+,$"-*./0+,& <& 5 -+#2@+% +?" ,&="01, # *"7
-"G./ *,+83"4+55"?" -+0"8& %18+3+562 &5"-&36B =13" %12%3+5" 248
#3):&+%. H#+ D06 &5"-&366 =136 *"8%+,?5)01 ,):5"B *,"%+,$+, 6 8+B#0%67
0+3.5" 8&551+ <&8&562 %18+3236#. *" *"%+8+56/ #,+86 8,)?6; <&*)#$"%
*"3.<"%&0+3+B. H 8&3.5+B9+- *3&56,)+0#2 *,+8"#0&%320. *"3.<"%&0+32-
%"<-"45"#0. *"3):&0. )%+8"-3+562 " *"8"=51; 5&B8+551; #3):&2;.

!+0"8 $3&#0+,6<&@66 -"4+0 =10. 0&$4+ 6#*"3.<"%&5 832 )3):9+562
D>>+$06%5"#06 -+0"8"% %18+3+562 *,"?,&--51; *&$+0"%. C85" 6< )3):7
9+56B <&$3/:&+0#2 % %18+3+566 <&*)#$"% # 6#*"3.<"%&56+- *,"?,&--51;
*&$+0"%, $"0",1+ 5+ =136 "=5&,)4+51 56 #0&06:+#$6-6 636 865&-6:+7
#$6-6 -+0"8&-6 %18+3+562 #;"46; *,63"4+56B, 56 # *"-"G./ XALT.
H #3):&+ *,6-+5+562 D0"?" ,+9+562 5& #)*+,$"-*./0+,+ S"-"5"#"%-2,
*,"@+50 0&$6; <&*)#$"% #"#0&%63 "$"3" 2%. Z,"-+ 0"?", $3&#0+,6<&@62
*"-"?&+0 "=5&,)46%&0. 5"%1+ *,"?,&--51+ *&$+01, " $"0",1; ,&5++ 5+
=13" 6<%+#05". O#36 "=,&<)+0#2 ="3.9&2 ?,)**& <&*)#$"%, % $"0",1;
*,6#)0#0%)/0 <&8&562 5+#$"3.$6; *"3.<"%&0+3+B, 0" 0&$&2 ?,)**& *,+87
#0&%32+0 650+,+#: +#0. %+,"205"#0. 0"?", :0" % 56; 6#*"3.<)+0#2 +G+ 5+
68+506>6@6,"%&551+ *,"?,&--51B *&$+0 636 =6=36"0+$&. R&*,6-+,, % ,+7
<)3.0&0+ &5&36<& 0&$6; ="3.96; ?,)** =13 "=5&,)4+5 ,&5++ 5+6<%+#051B
&8-656#0,&0",&- #)*+,$"-*./0+,& *,"?,&--51B *&$+0 XAMG, $"0",1B
*,+8#0&%32+0 #"="B *&$+0 ,+9+562 (SNY # 5+#$"3.$6-6 *,&%1-6 :&#02-6.

H 8%01+&+ 4.3 "*6#1%&+0#2 ,+9+56+ <&8&:6 *,+8#$&<&562 "@+5"$
$&:+#0%& 6#*"3.<"%&562 #)*+,$"-*./0+,51; ,+#),#"%. Q&5++ % !VY 6-+7
56 !.H. S"-"5"#"%& =13& ,&<,&="0&5& #6#0+-& "@+5"$, $"0",&2 *"<%"32+0
&5&36<6,"%&0. 6 #,&%56%&0. <&8&562 #"?3&#5" $&:+#0%) 6#*"3.<"%&562
,&<36:51; #)*+,$"-*./0+,51; ,+#),#"%. H 5&#0"2G++ %,+-2 #6#0+-& ,&7
="0&+0 5& #)*+,$"-*./0+,+ S"-"5"#"%-2 6 %1:6#32+0 :+01,+ "@+5$6,
$"0",1+ "*,+8+32/0 $&:+#0%" 6#*"3.<"%&562 @+50,&3.51; *,"@+##","%
(cpu score), *&-206 (mem score), $"--)56$&@6"55"B #+06 (ib score) 6
>&B3"%"B #6#0+-1 (fs score). M5&:+56+ $&48"B "@+5$6 %&,.6,)+0#2 "0 0
8" 100, ?8+ 0 )$&<1%&+0 5& 0", :0" ,&="0& # 8&551- 06*"- ,+#),#"% 56$&$ 5+
-+9&3& *"3+<51- %1:6#3+562- % ,&-$&; %1=,&55"?" *"3.<"%&0+3.#$"?"
<&8&562, & 100 ’ :0" ,&="0& # 8&551- 06*"- ,+#),#"% *"#0"255" -+9&7
3& *"3+<51- %1:6#3+562-. E32 %1:6#3+562 "@+5"$ score ib 6 score fs
-"45" 6#*"3.<"%&0. 8&551+, $"0",1+ #"=6,&/0#2 90&05"B #6#0+-"B -"567
0",65?&, *"D0"-) 8&551+ "@+5$6 -"?)0 =10. ,&##:60&51 832 %#+; <&8&56B.
C85&$" 832 "@+5"$ cpu score 6 score mem D06; 8&551; 5+8"#0&0":5", *"7
D0"-) 5+"=;"86-" #"=6,&0. 8"*"3560+3.51+ -+0,6$6 *,"6<%"860+3.5"#06
%" %,+-2 %1*"35+562 *,63"4+56B. (=", ="3.9+?" :6#3& -+0,6$ %5"#60
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8"*"3560+3.51+ 5&$3&851+ ,&#;"81, 6<-<& :+?" 8&551+ -+0,6$6 (&, #3+8"7
%&0+3.5", 6 #&-6 "@+5$6) #+B:&# #"=6,&/0#2 0"3.$" 832 $&48"?" 0,+0.+?"
<&8&562. (""0%+0#0%+55", %"<56$&+0 <&8&:& *,+8#$&<&562 <5&:+56B "@+5"$
832 %#+; "#0&3.51; <&8&56B.

E32 ,+9+562 <&8&:6 *,+8#$&<&562 "@+5"$ score cpu 6 score mem
=13" *,6520" ,+9+56+ *,6-+5+560. #0&06:+#$6B 6 865&-6:+#$6B -+0"81
%18+3+562 #;"46; *,63"4+56B. F,+83&?&+0#2 6#*"3.<"%&0. #3+8)/G6B &37
?",60-:

– ("=6,&+0#2 =&<& <5&56B, $"0",&2 %$3/:&+0 % #+=2 6#0",6:+#$)/
65>",-&@6/ " <5&:+562; "@+5"$ 832 %1*"35+551; ,&5++ <&8&56B
(832 $"0",1; #,&="0&3 #)G+#0%)/G6B -+0"8 %1:6#3+562 "@+5"$).

– F,6 *"2%3+566 5"%"?" <&8&562, $"0","+ 5+ )8&3"#. "@+560. #)G+7
#0%)/G6- -+0"8"-, *,"6#;"860 +?" #3+8)/G&2 "=,&="0$&:

– ( *"-"G./ #0&06:+#$"?" &5&36<& % =&<+ <5&56B 5&;"820#2
%#+ <&8&562, #;"46+ # 5"%1-.

– F,6 5&;"48+566 #0&06:+#$6 #;"46; <&8&56B, #,+86 56;
*,"%"860#2 *"6#$ #;"46; <&8&56B # *"-"G./ 865&-6:+#$"7
?" -+0"8& # -+5++ #0,"?6- *","?"- (9&? N), :0" *"<%"360
*"3):60. ="3.9+ <&8&56B 832 &5&36<&.

– F,6 "0#)0#0%66 #0&06:+#$6 *";"46; <&8&56B, *,"%"860#2
*"6#$ *";"46; <&8&56B %" %#+B =&<+ <5&56B # *"-"G./
865&-6:+#$"?" -+0"8&, 6#*"3.<)2 ?",&<8" ="3++ #0,"?6B *"7
,"? (9&? B).

()0. 9&?"% N 6 H #"#0"60 % 0"-, :0" +#36 <&8&562 6-+/0 #;"46+
#0&06:+#$6+ 8&551+, %+,"205"#0. <5&:60+3.5"?" "036:62 6; *"%+8+562
5+%+36$&. (3+8"%&0+3.5", 832 *"3):+562 ="3.9+?" $"36:+#0%& <&8&56B 832
#,&%5+562 -"45" 6#*"3.<"%&0. -+5++ #0,"?6B *","?.

F"#3+ *"3):+562 #*6#$& #;"46; <&8&56B # 6<%+#051-6 "@+5$&-6,
5+"=;"86-" *,+8#$&<&0. "@+5$) 832 5"%"?" <&8&562 *)0+- &?,+?6,"%&7
562 *"3):+551; <5&:+56B. P136 ,&##-"0,+51 0,6 ,&<36:51; #*"#"=&
&?,+?&@66: #,+85++ <5&:+56+, -+86&5& 6 %<%+9+55"+ #,+85++ <5&:+56+ #
6#*"3.<"%&56+- >)5$@66 softmax. (,+85+%<%+9+55"+ <5&:+56+ softmax %17
:6#32+0#2 *" >",-)3+ ??, ?8+ distancei ’ ,&##0"256+ (=36<"#0.) -+48)
5"%1- <&8&56+- 6 i-- <&8&56+- 6< =&<1 <5&56B, & scorei ’ "@+5$& 832 i-?"
<&8&562 6< =&<1 <5&56B.

softmax =

)︃
i e

→distancei ↑ scorei)︃
i e

→distancei
(1)

H @+32; "*,+8+3+562 $&:+#0%& ,&="01 -+0"8& =13" "0"=,&5" *,67
-+,5" 4600 <&8&56B # "@+5$&-6 <& 6 -+#2@+% ,&="01 #)*+,$"-*./0+,&
S"-"5"#"%-2. E32 $&48"?" <&8&562 =13& *,+8#$&<&5& "@+5$&, $"0",&2
#,&%56%&3&#. # ,+&3.51- <5&:+56+-. E32 "@+5$6 $&:+#0%& ,&="01 -+0"8&
=136 %1=,&51 Mean Absolute Error (MAE, >",-)3& ??) 6 Mean Squared

21



Error (MSE, >",-)3& ??), ?8+ predictedi ’ *,+8#$&<&55"+ <5&:+56+ "@+5$6
832 <&8&562 i, reali ’ ,+&3.5"+ <5&:+56+ "@+5$6, & N ’ "=G++ $"36:+7
#0%" <&8&56B.

MAE =

)︃
i |predictedi ↓ reali|

N
(2)

MSE =

)︃
i(predictedi ↓ reali)2

N
(3)

H ;"8+ *,"%+,$6 $&:+#0%& ,&="01 -+0"8& =13" "=5&,)4+5", :0" -+0"8
&?,+?&@66 %362+0 5& 5+?" 5+#)G+#0%+55", *"D0"-) =13" ,+9+5" 6#*"3.<"7
%&0. >)5$@6/ softmax %" %#+; *"#3+8)/G6; #3):&2;.

F"#3+ *,6-+5+562 8&55"?" -+0"8& )8&3"#. *,+8#$&<&0. "@+5$6 (5&B7
06 #;"4++ <&8&56+ % =&<+ <5&56B) 832 89% <&8&56B, *,6 D0"- #,+8522
&=#"3/05&2 "96=$& (MAE) #"#0&%63& 2.11, & #,+85+$%&8,&06:5&2 "96=$&
(MSE) ’ 10.42. L0" *"$&<1%&+0, :0" % #,+85+- 5&9+ *,+8#$&<&56+ "96=&7
+0#2 5& 2.11, :0" % 8&55"- #3):&+ #"%#+- 5+-5"?", 0.$. *,6 &5&36<+ "@+5"$
=13" %12%3+5", :0" *,6 <&*)#$+ "85"?" 6 0"?" 4+ *,63"4+562 "@+5$6
-"?)0 %&,.6,"%&0.#2 5& ±5 (:0" 2%32+0#2 *,6+-3+-1- "0$3"5+56+- 832
8&551; "@+5"$). F,6:65&-6 0&$"B %&,6&@66 -"?)0 2%320.#2 5+8+0+,-6567
,"%&55"#0. #)*+,$"-*./0+,& 636 6#*"3.<"%&56+ ,&<51; %1:6#360+3.51;
)<3"% (6<-<& :+?" -+52+0#2 %1*"35+56+ #&-"?" *,63"4+562 "0 <&*)#$& $
<&*)#$)), & 0&$4+ $&:+#0%" #"=6,&+-1; 8&551; -"560",65?&. I&$4+, *,"7
@+50 <&8&56B # "96=$"B ="3++ 10 #"#0&%63 %#+?" 2.5%, :0" "<5&:&+0, :0"
<5&:60+3.5&2 *"?,+95"#0. *,6 *,+8#$&<&566 # *"-"G./ ,&<,&="0&55"?"
-+0"8& %"<56$&+0 ,+8$". R& ,6#)5$+ ?? *"$&<&5& ?6#0"?,&--& ,&#*,+8+3+7
562 :6#3& <&8&56B 5& "#5"%+ ,&<56@1 -+48) *,+8#$&<&551- 6 ,+&3.51-
<5&:+562-6 "@+5"$. H685", :0" ="3.965#0%" <&8&56B 6-+/0 "96=$) % 86&7
*&<"5+ "0 -5 8" 5, :0" 2%32+0#2 *,6+-3+-1- 832 8&55"B <&8&:6.

Q6#)5"$ 2 ’ V6#0"?,&--& ,&#*,+8+3+562 :6#3& <&8&56B # *"3):+55"B
,&<56@+B -+48) 6#06551- 6 *,+8#$&<&551- <5&:+562-6 "@+5"$ 832 @+57

0,&3.51; *,"@+##","% (score cpu) 6 *&-206 (score mem)
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H 8%01+&+ 4.4 "*6#&5" ,+&36<"%&55"+ *,"?,&--5"+ ,+9+56+, ,+?)7
32,5" &5&36<6,)/G++ *"0"$ <&8&56B, %1*"352/G6;#2 5& #)*+,$"-*./7
0+,+ S"-"5"#"%-2. H5&:&3+ "*6#1%&/0#2 "#5"%51+ 6#0":56$6 8&551; "
<&8&562;, $"0",1-6 2%32/0#2: #6#0+-& -"560",65?&, *,+8"#0&%32/G&2
8&551+ " 865&-6$+ ,&="01 *,63"4+56B %" %,+-2 6; 6#*"35+562; #6#0+-&
XALT, *"<%"32/G&2 *"3):60. 65>",-&@6/ " <&*)#$&+-1; 6#*"352+-1;
>&B3&;.

(@+5&,6B ,&="01 *,"?,&--5"?" ,+9+562 832 &5&36<& *"0"$& <&8&56B
)#0,"+5 #3+8)/G6- "=,&<"-. F,"@+## 5&:65&+0#2 # "0=",& 5"%1; <&8&56B,
$"0",1+ =136 <&*)G+51 636 <&%+,9636 #%"+ 6#*"35+56+ <& *,+818)G6B
*+,6"8, & 8&3++ 5&:65&+0#2 6; &5&36<. F,6 ,&##-"0,+566 ,&<36:51; -+7
0"8"% &5&36<& #)*+,$"-*./0+,5"?" *"0"$& <&8&56B #0&3" *"5205", :0"
*+,%1+ 9&?6 &3?",60-& <&:&#0)/ #;"46: %1=", <&8&56B 832 &5&36<&,
6<%3+:+56+ 8&551; 6 6; *,+8"=,&="0$& 6 0.8., <&:&#0)/ 5+ <&%6#20 "0
0"?", $&$"B -+0"8 &5&36<& 6#*"3.<)+0#2. A<-<& D0"?" %%"860#2 *"5206+
":+,+86 <&8&56B. H 8&55"- #3):&+ ":+,+8./ <&8&56B =)8+- 5&<1%&0. )*"7
,28":+551B 5&=", <&8&56B, 832 $"0",1; 5+"=;"86-" *,"%+#06 &5&36< #
*"-"G./ 5+#$"3.$6; -+0"8"%, 6-+/G6; "=G6+ 9&?6 6 %;"851+ 8&551+.
R& *,&$06$+, D0" %136%&+0#2 % "=,&<"%&56+ 8%); ":+,+8+B: 832 "=,&="07
$6 #0&06:+#$6-6 6 865&-6:+#$6-6 -+0"8&-6. H :&#05"#06, $ #0&06:+#$"B
":+,+86 *,6%2<&5& ,+&36<&@62 #0&06:+#$"?" -+0"8& %18+3+562 *&$+0"%, &
$ 865&-6:+#$"B ":+,+86 ’ ,+&36<&@66 -+0"8"% "@+5$6 $&:+#0%& 6#*"3.7
<"%&562 #)*+,$"-*./0+,51; ,+#),#"%, 865&-6:+#$"?" -+0"8& %18+3+562
*&$+0"% 6 $3&#0+,6<&@66 <&8&56B.

E&3++ "*6#1%&+0#2 &,;60+$0),& ,+&36<"%&55"?" *,"?,&--5"?" ,+7
9+562, &5&36<6,)/G+?" #)*+,$"-*./0+,51B *"0"$ <&8&56B 5& "#5"%+
-+0"8"% "=5&,)4+562 #;"46; *,63"4+56B. L0" ,+9+56+ #"#0"60 6< #3+7
8)/G6; #3"+%, $&481B 6< $"0",1; *,+8#0&%32+0 #"="B D0&* "=,&="0$6
6 &5&36<& <&8&56B: 656@6&36<&@62, 6<%3+:+56+ 8&551; 6 *,+8"=,&="0$&,
&5&36< 6 <&%+,9+56+ &5&36<&.

H #3"+ 656@6&36<&@66 *,"6<%"860#2 656@6&36<&@62 %#+; 5+"=;"867
-1; -"8+3+B 6 #0,)$0), 832 "=,&="0$6. F,6-+,&-6 2%32/0#2 -"8+3.
Doc2Vec, =&<1 <5&56B, %#*"-"?&0+3.51+ 865&-6:+#$6+ 8&551; " <&8&567
2; 6 0.8.

(3+8)/G6B #3"B ’ 6<%3+:+56+ 8&551; 6 *,+8"=,&="0$& ’ "0%+:&+0
<& 6<%3+:+56+ 8&551; " <&8&566 6< %5+956; 6#0":56$"% 6 6; *,+8"=,&="07
$). R&*,6-+,, 5& 8&55"- D0&*+ 6<%3+$&/0#2 8&551+ " 865&-6$+ ,&="01
<&8&562 6< #6#0+-1 -"560",65?& 6 *,"%"860#2 *,+8"=,&="0$& 865&-6:+7
#$6; ;&,&$0+,6#06$.

R& #3+8)/G+- #3"+ *,"%"860#2 5+*"#,+8#0%+55" &5&36< 8&551; "
<&8&566. F"#3+ *"3):+562 8&551; " <&8&566, *,"%"860#2 +?" &5&36< # *"-"7
G./ -+0"8"% %18+3+562 #;"46; *,63"4+56B. R&*,6-+,, 5& 8&55"- D0&*+
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*,"%"860#2 *,+8#$&<&56+ "@+5$6 $&:+#0%& 6#*"3.<"%&562 #)*+,$"-*./0+,7
51; ,+#),#"%.

F"#3+856B #3"B "0%+:&+0 <& <&%+,9+56+ &5&36<&. R& 8&55"- D0&*+
68+0 "=,&="0$& ,+<)3.0&0& &5&36<& # *,+818)G+?" #3"2, 6 8&551B D0&*
*,6%2<&5 $ "*,+8+3+55"-) #3"/ &5&36<&. M&:&#0)/, D0"0 #3"B "0%+:&+0 <&
#";,&5+56+ ,+<)3.0&0"%, $&$, 5&*,6-+,, % =&<) 8&551;/>&B3"%)/ #6#0+-).

="8’>2,-%,

H 8&55"B ,&="0+ *,+8#0&%3+51 8%& ,&<51; -+0"8& *"6#$& #;"46;
*,63"4+56B, ,&="0&/G6; 5& #)*+,$"-*./0+,+. F+,%1B -+0"8 "#5"%&5
5& &5&36<+ #0&06:+#$"B 65>",-&@66 " *,63"4+562;: 6-+5&; 6#*"3.<)+7
-1; >)5$@6B 6 *+,+-+551;, 6<%3+:+551; 6< 6#*"352+-1; 6 "=K+$051;
>&B3"%. !+0"8 *"$&<1%&+0 ;","96+ ,+<)3.0&01 % %12%3+566 #;"46;
*,63"4+56B (<5&:+56+ ARI 5& 0+#0"%"B %1=",$+ ,&%5" 0.79). H0","B -+7
0"8 "#5"%&5 5& &5&36<+ 865&-6:+#$6; ;&,&$0+,6#06$, *,+8"#0&%32+-1;
#6#0+-"B -"560",65?& 6 "*6#1%&/G6; *,"6<%"860+3.5"#0. *,63"4+56B
%" %,+-2 %1*"35+562. !+0"8 "#5"%1%&+0#2 5& &3?",60-+ Dynamic Time
Warping. Q+<)3.0&01 D$#*+,6-+50"% *"$&<1%&/0 ;","96+ ,+<)3.0&01 % "=7
5&,)4+566 *";"46; *" *"%+8+56/ *,63"4+56B: 0":5"#0. 0.85 5& 0+#0"%"B
%1=",$+, ?8+ 0":5"#0. ’ "05"9+56+ $"36:+#0%& *&, <&8&56B # $",,+$05"
"*,+8+3+55"B #;"4+#0./ $ "=G+-) $"36:+#0%) *&, <&8&56B % %1=",$+.

R& "#5"%+ *,+83"4+551; -+0"8"% "@+5$6 #;"4+#06 <&8&56B =136
*,+83"4+51 %&,6&501 ,+9+562 %&451; *,&$06:+#$6; <&8&:, $"0",1+ %#0&7
/0 *+,+8 &8-656#0,&0",&-6 #)*+,$"-*./0+,51; @+50,"%. C85"B 6< 0&$6;
<&8&: 2%32+0#2 ,+9+56+ *,"=3+-1 "=5&,)4+562 *&$+0"% *,"?,&-- (0&$6;
$&$ GROMACS, NAMD 6 8,.), 6#*"3.<)+-1; % <&8&562;, $"0",1+ <&*)#$&7
/0#2 5& #)*+,$"-*./0+,+. L0& <&8&:& ":+5. %&45&, 0&$ $&$ 65>",-&@6/
"= 6#*"3.<)+-1; *&$+0&; -"45" *,6-+520. 5+ 0"3.$" 832 *"3):+562 5"%"B
#0&06#06$6 " >)5$@6"56,"%&566 #)*+,$"-*./0+,& 636 *,+8"#0&%3+562 &87
-656#0,&0",&- 5"%"B 65>",-&@66 " *"0,+=5"#02; *"3.<"%&0+3+B, 5" 6
% $&:+#0%+ #"#0&%32/G+B ,+$"-+58&0+3.5"B #6#0+-1. R&*,6-+,, +#36 6<7
%+#051 #%"B#0%& *&$+0& (-&#90&=6,)+-"#0., 650+5#6%5"#0. 6#*"3.<"%&562
*,"@+##","%, ?,&>6:+#$6; )#$",60+3+B 636 *&-206), -"45" *"8#$&<&0.
*"3.<"%&0+32-, $&$ 6#*"3.<"%&0. *&$+0 ="3++ D>>+$06%5".

F+,%1B *,+83"4+551B *"8;"8, "#5"%&551B 5& #0&06:+#$"- &5&36<+,
*"$&<&3 0":5"#0. 0.9 5& 0+#0"%"B %1=",$+. H" %,+-2 0+#06,"%&562 =13" "=7
5&,)4+5" ="3++ 40% 5"%1; <&8&56B, % $"0",1; 6#*"3.<"%&36#. ,&<36:51+
*&$+01 6 :0" 5+ =13" "=5&,)4+5" ,&5++ 8,)?6-6 -+0"8&-6. I&$4+ =13"
*"$&<&5", :0" 8&551B *"8;"8 -"4+0 5+ 0"3.$" "=5&,)46%&0. 6<%+#051+
*&$+01, 5" 6 *"-"?&0. %12%320. 5"%1+, 5+6<%+#051+ *&$+01 (5&*,6-+,,
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% 5&9+- #3):&+ =13 "=5&,)4+5 *&$+0 XAMG 832 ,+9+562 #6#0+- 365+B7
51; &3?+=,&6:+#$6; ),&%5+56B). (0&06:+#$6B -+0"8 )4+ 6#*"3.<)+0#2 5&
#)*+,$"-*./0+,+ “S"-"5"#"%-2” 5& *"#0"255"B "#5"%+.

H0","B *"8;"8, "#5"%&551B 5& 865&-6:+#$"- &5&36<+, 0&$4+ *"$&<&3
%1#"$)/ 0":5"#0. 5& 0+#0"%"B %1=",$+ ’ 0.85. H ;"8+ +?" 0+#06,"%&562 -1
"=5&,)4636, :0" *,6 ,&##-"0,+566 <&8&56B # )56$&3.51- *"%+8+56+- D0"0
-+0"8 %12%323 8" 20% 5"%1; <&8&56B # *&$+0&-6, 5" 6<-<& #3"45"#06 %+7
,6>6$&@66 ,+<)3.0&0"% =13" *,6520" ,+9+56+ "0$&<&0.#2 "0 *,6-+5+562
865&-6:+#$"?" -+0"8& 832 %18+3+562 *,"?,&--51; *&$+0"%.

F,+83"4+551+ % ,&="0+ -+0"81 %18+3+562 #;"46; *,63"4+56B 0&$7
4+ =136 *,6-+5+51 832 ,+9+562 <&8&:6 *,+8#$&<&562 "@+5"$ $&:+#0%&
6#*"3.<"%&562 #)*+,$"-*./0+,51; ,+#),#"%. E&551+ "@+5$6 $&:+#0%& =17
36 ,&<,&="0&51 ,&5++ &8-656#0,&0",&-6 #)*+,$"-*./0+,& “S"-"5"#"%-2”,
6 6; ,&#:+0 )4+ <&*)G+5 % ,+&3.5"- %,+-+56. R" 8&551+ "@+5$6 ,&#7
#:601%&/0#2 0"3.$" 832 0,+06 <&*)#$&+-1; <&8&56B, 6<-<& :+?" +#0.
*"0,+=5"#0. % *,+8#$&<&566 D06; "@+5"$ 832 "#0&%96;#2 <&8&56B. F,+83"7
4+551B *"8;"8 5& "#5"%+ %18+3+562 #;"46; *,63"4+56B *"$&<&3 %1#"$)/
D>>+$06%5"#0.: # *"-"G./ 5+?" -"45" *,+8#$&<&0. "@+5$6 <&8&56B 832
87% <&8&56B #" #,+856- "0$3"5+56+- % 2.5%, :0" #:60&+0#2 8"*)#06-1-
$&:+#0%"- ,&="01 832 8&55"B *,6$3&85"B <&8&:6.

I&$4+ =13& *"$&<&5& D>>+$06%5"#0. *,6-+5+562 -+0"8"% %18+3+562
#;"46; *,63"4+56B 832 ,+9+562 <&8&:6 $3&#0+,6<&@66 <&8&56B. Z3&#0+7
,6<&@6/ *,+83&?&+0#2 *,"%"860. % 8%& D0&*&. R& *+,%"- D0&*+ %18+32/0#2
$3&#0+,& 5& "#5"%+ #0&06:+#$6; 8&551;, :0" *"<%"32+0 #?,)**6,"%&0. <&7
8&562 #" #;"46-6 6#*"352+-1-6 >&B3&-6. R& %0","- D0&*+ $&481B 0&$"B
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