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|

! !
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

W SU&E " ()I*H, (- <%0l -(0/*10!

[

8/17,1.0,12S1, IHABCIETML.7, 74.0.,713,0, 12)1>, 2109653121 , 23!

|

R675.1,172421019D!<.0./=1<2S3!

*]:2/748,1/5DS, 11901 : 94, /4.2]1<.0./=1<2SI\3, 1 " 23, 3148241 ( :4.D.K24.9/1.312: :1.62S1, 149!
8/119756,1M268.7 1<, 21/ ./=!

-,1001D1.7.4.2]1,021524.9/31901D268./ , 1, 21/./=1D97,1319/18,17.00, 1, /4172423, 43!

RO4, 11,0, /45201Z12675.1./=172423,43135.425),10911D268.7, 13, 21/ /=1 TM169/354, 71— 481 214/ ,131./1<.0./=!
<2S31HICI2/7111491.7,/4.0Z) ,].34./=153,1623,3! -8, 1,19:4.D.324.9/1N2/7!3 ,6.0.620Z! M268./ ! <, 21/ ./ =!
-9—,1,719:4.D.324.9/P1695J71S, 122 1 )., 7FI<.0./=1<2S! 111./1 - 214651211389 — , 7!, 21)2!:19D.3, - 4811, =2173!
19154.0.K./=1D268./,11, 21/ ./=12/712)39U8 , 1"52].4Z19048 , 172423, 41:190.7, 7F!

|

5, 1148,172421202.12S1,1091! D268.7,11,21/./=11 §TM!I 9541./, 71 21 34124, =Z! L1 48,1 , /3, DS, 1 2: :19268F! +8.3!
2::1926813,,3148,153,190!D5M. 1 J,1D97,331412./,71019D!7.0,13, 172423, 4301+8, | — , 2>/, 33, 31911./2665126. , 3!
/1213./=1,1D97,11 - JIIS, 190, 169D, 1SZ!48, 1341, /=4831./12/948 , 1112/710.6, 10, 132F TZ!69DS././=1D5M.:J,!
D97,I3! —.481217.0,13,13, 41901 341, /=4831 2/7! — , 2>/ ,33,3148,1 90, 12101 1, 351431 820, 2! =1, 24,11 682/6,, ! 90!
2665126212/713566, 33!

|

+8,172423,431—, 1,13566, 33050021 53, 71491 , 02J524,1D268./, 11, 21/./=12)=91.48D31482419:4.D K, - 21,8953, !
2/71:91419: ,124.9/31S7!1,756./=18 ,17.312/6 , 120, JJ, 7!SZ!: .6>./=19: ,124.9/30R1/5DS, 1190M<12)=91.48 D3!
—,1,1,021524, 7W12/71.41- 231389~ /189, 30! (1=2/.3,7!M2: 310011 " 534, 1./=1.3169/3.7 1, 718, 1S, 31D 2468!
091148, 153,1623,3!./18,,1<.0./=1<2S3!!

|

YO1!<.0./=1<2SI%IN; 9141 90! R/4—, 1:PIN48, I T /1 ; 26>./=12)=91.48D! —23!1,3, 2168, 7I1 23148.314,68/9)9=7! 3!
—.7,021279:4,7V ./1148,119=.34.63! ./75341ZF Y5148, 1! 1,3,2168! ./148.31 21,21 —23! = ,1091D,7! 2/7! 2! D5M.L
7.D,/3.9/2) T./! ;26>./=! .D:1,D,/120.9/\! ,/82/6,7! SZ! 1,./0916,D,/4! J,21/./=! 1,68/.75,3Il —23!
/119756, 7F1+8.312119—312)=01.48D31491J, 21/1019D! : 234102.151,312/7!3566, 33, 3! — 48954148, 1/, , 710911 : 1,
112././=1911:1,1:196,33, 7172423, 43711

|

HAFC! 21391 389—, 7! 89—11,./0916,D,/811,21/./=12/7 /51211 / ,4—91>31 62/1 S,1 22 2., 7! ./148,! ;914! 90!
R/!—,1:1385/4./=1 721771 +9! ./61,23,! ,00.6.,/6Z! 2/7!61534,1./=14,68/.5,3148,2162/1S,12::).,7! ./148 !
69/12./,1131912= 1721734911, 756, ! - .6>./=19 , 124.9/2]1693437!!

|

Q8.4,1./.4.21D268./,13,21/./=1D97, 1312/ 7\12././=!" ,1091D, 7\./IHAMCI389—, 7!:19D.3,112!D91, 17, 42.J, 7!
2/71,]:2/3.0,1,]:19124.9/182312>, /1:126,,1./148.317,1.0, 1251, IHARG I !

| |
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

2 Heuristics - PI-Node Optimization
|

R/190,12168./=1=92J190148 ! ; 823.62)14/4,1/ ,41.318,1,0, /1521169D - ,4.4.0,16931259124.9/1S , 4— , , /1412/3: 914!
2/7119=.34.631264913149!1,2).3,!D9L, ! ,00.6., /4135 :JZ1682./19: ,124.9/31261933!3,0, 12J1412/3: 914! D, 7.5D3!
NMO/41, 5. I A2%UPFIR3! 190, 33911Y12/51./1D, /4.9/ , 71 751./=18.31>,2/94,13 , , 68124148 , 18 () *+! 2196, 64!
> 6519001148, 16951/, 214011, 2.3, U8, | ; 823.62J18/4,1/ ,169/6 , 41— 111/ ,6,33.424, U8, 1=12752)1279:4.9/1901/ , -
3,10.6,311342/72173I1 - 1919691312/7169/6 , 4371 (/190148 , 119=.62)134214./=1: 9. /43101, =./148.316951/ , Z!.3U8 ,
(:4.D.324.9/190148,1;6.)97,31—.48./148, ! ;8L , 4—91>3F!11!

|

8/148,1012D, —91>190!; 873.62J18/4,1/ , 4148, ID90, D, /431901=9973!./12!;8.) 97,,1.31D27,1:933.5, 52131 , 6.0.6!
5/.43IN; 6L 9/42./,13P'D90, 7!SZ!3: , 6.0.61412/3: 914, 131N 4LM9O, 13711 /1917 , 11491 , /351, 14.D , 32! 7 3.0, 12190!
=997312/71948,, 16911, 6417, 34./24.9/F1+91268. 0, 148.3112139J54.9/1.311, /5.1, 7482413, 0, 12=, 31201: 933.5J, 1 ;4L
MO0, 13100112101 ;6L ™ 9/42./, 13148241820, 1491S, 1412/3: 914, 7F!!

+8.3136,/21.91.310,1716193, 149148, 1 T./! ; 26>./=1 :19SJ, DIl —8.681091! 7,627, 311 69D : 54, 1! 36. , /4.343! 90! 2J1!
=,/,124.9/31820,141., 7149!1,3910, 1 H5, 149148, 1682J1, /=, 319019542././=19 :4.D2)139154.9/3190! T./! ; 26>./=!
=195, D3Il 72421 36., /4.3431 820, :19:93,71021.953! 2: :197.D24.9/3! 91! 8, 51.34.6! 2)=91.48D3F! +9! 268.,0,!
324.3026491711, 3543118, 51.34.612)=91.48D31820, 1491S,17,3.=/, 713+ ,6.0.62412109117.00, 1, /414Z - ,3190! : 19SJ, D3!
91153, 1623, 3E1./1 1 214.65121148.31.3115,, 101! T ./ ; 26>./=190481, ,L7.D, /3.9/2)1 ;4L™ 9/42./ , 130!

|
8/148,1:1,0.95310,13.9/190148.3!7,1.0,12SJ, NHAFKCIIE TM!.D :J, D, /4, 712139154.9/153./=148,1S.7.D, /3.9/2)!
T./1;26>./=12)=91.48D!—8.6812119—31091148,,1233.=/D, /#1901 ; 8L = 9/42./ , 131491 ; §LM90, 13!53./=!!
1—9169/3412. /4311 48,V width! 2/7) length! 90148, ;8L 9/42./ 1371 +8,18, =841 90148, ! ;4L =9/42./ 11 —23! /94!
69/3.7,1,7!S,6253,48,139J54.9/1-2317,0,19: , 71./48,169/4, JH90I<<Wll—8,1,1; 8L " 9/42./ ,13121,169/42./ , 13!
1927,719/1Q2=9/3153./=19/12148, \width\ 2/ T\ length! 69/3112./131148 18, .=84169/3412. /41 .31 /94! - 214190148,
9:4.D.324.9/1 34124,=2! ,D:J9Z, 71 d9—,0, 111 48,1 514.D24,1 ./4,/4.9/1 901 48,1 (:4.D.K24.9/1 [,10.6,! .3 49!
-190.7,12!=,/,1.6139J54.9/14824162/1S,, 121 =J., 71241362], 12/ 7126193312131 - 933.1, 11, =5124917136,, /21.93!./148 ,
69/4,74190148,119=.34.63135: :J21682./! / ,4—91>F1 Y91148.3!1, 239/ §TM!820,1.D:J, D, /4, 712! 39J54.9/14824)
69/3.7,1312)01481, ,L7.D, /3.9/319012! ;4L = 9/42./ , 13F!

|

+8,! 69D:J,].42! 90! 0./7./=! 9:4.D2)! 39154.9/3! 091! 48,! 481, ,L7.D,/3.9/2)l T./! ;26>./=! :19SJ,D! .3!
69D:95/7,7!SZ!48,!7.00.651Z! 90! :190.7./=12153,05! :19SJ, D! 091D5J24.9/F! /1917, 11491 091D5124, 148!
=195, DI, 268! ;8L ™ 9/42./,1%i ./48,10.7.4,13,415 491820, 481, ,17.D, /3.9/3Kwill hi12/ 7\dif1*2681.7, /4.62)1 ; 4L
MO0, 11b 82317.D,/3.9/3 WILHN2/TIH.1+8, ! ;4L " 9/42./,,1312/7) ;4LM90, 13121, 11, 642/=5)211597 , 312/7148 !
181,,17.D,/3.9/316911,3:9/7149148, | — . 748118, .=8412/717 , = 48INJ, /=48P102J5, 3F! ;6L " 9/42./ 13121, 12119, 7!
19119424,191489=9/2J1ZF\/9424./=121 ;8L ™ 9/42./ ,113.D 112! D, 2/313= 2 = ./=1 431 = T48NwiPI! 8, .=8AINA P12/ 7!
7, :48INdj)!02J5,312195/71./1217 0./, 712/71917,1,7D2// , 1F1*268! ;4L = 9/42./ , 118231411, 612/=5J211026,, 431!
S54148,1,121,19/1Z1C17.34./641026,43!S, 6253, 148,19 193.4,1026, 43121, 1.7, /4.62JF1* 268190148, 1481, , 1026, 43162/
S, 119424, 7191489=9/2112!4919542./121/ , —169/0.=5124.9/190148 , 1S FI1*268! ; 6L = 9/42./ , 1162/18,,1,001, 1820,
#17.00,1,/4119424.9/169/0.=5124.9/ 3!

|

! !
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

28" 3(*45-&16-+/1/1/*1!!
[
+910./7148,139J54.9/109112! ; &LM90, 1!b, 2335D, ! —.489541J933190!=, /,12].4214824F!

e
=
A
S

..~
1l
[y

iMs
=
In
ay

L

b

ZdiSD

i=1

R3!13568I!.41.316911, 64149169/6J57, 148, 109JJ9—./=E!!

b
Z w; hy d; < WHD

i=1

+8,1,091,11091!, 268! ;4LM90, 1i1./4,/7149!ID./.D K, 148 ,1-234,7'09)5D, !=.0, /I1SZ!53./=148,109J)9 —./=F!

b
WHD —Z w; hy d,

i=1

!

R3!./7.624,7'./1:1,0.953!0,13.9/3190148.3!7,J.0,12S),I T./! ; 26>./=!S,./=12!") ;Ld217! :19S], D!35==, 343!
482412/1,182534.0,13,2168109148,19:4.D2)139]54.9/1.3I1./1=, 7, 1201'69D - 5424.9/2))Z!. /4126425, 112/ 71213914824
48,1,1.3148531/91>/9—-/169D - 5424.9/2))210,23.5),19:4.D2]139J54.9/!D , 48971091148, 1 - 19SJ, DF!! (48,1!D, 273!

4919S542./12139)54.9/148,1,091, 1/, , 714915, 1095/ 7FIM9341 - 9:5)21121,18,51.34.6!39J54.9/!D , 4897 3!
|

282 $*UNT/*1I8-T79*6*5*1)!
§/1917,1149139J0, 48,1:19SJ,D!7,0./.4.9/1954).7,7./13,64.9/1AFp12S90, 16 TM!820, 1,0, 12=, 712/71S5.)4!5:9/!
2139]54.9/1:19:93, 7ISZINH5S, INA??#PHR/1277.4.9/2)169DS./, 7! —, .=84169/3412./41901S948! ; 6L ™ 9/42./ , 13!
2/71Q2=9/318231S,,/!.D:],D, /4,7149!, /351, 1<<%!9S6,64.0,3!121,!D, 4i'—-8.68!.3!4919:4.D.3, 148, 1091D24.9/!
901-2=9/31491412./3F!!
!
+8,1:1,3,/4,7'CHIT./!;26>./=1.D:],D, /424.9/153,312!8,51.34.6!2: :19268!49! -, 1091D 48,1691, 1423>190148,, !
T./';26>./=1:19S],D!2/71324.30.,3!48,109J19—./=19S6, 64.0, 3E!
!

P U5B212/4, ,312139]54.9/149148,1:19S), D!

P (S42.7312139]54.9/1./1211,239/2S],14.D , IN.F, F139)54.9/1.3169D : 5424.9/2]1210, 23.S), 14919542 /P!

... RI9-31091!=,/,12)17242!./ - 541!

.OP ;190.7,3169/4./5.42!S ,4—, ,/148,139]54.9/12/7148,1:19S], D!
!
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

+8,1956,64.0,31.34, 712590, 1:190.7,12139).7!1,239/./=123149! - 871218, 51.34.612: :19268!.312: :19:1.24,FIR/Z!
2: 1192681 —8.68102.J31491324.30212/2190148, 12590, 19S5, 64.0, 3! — 1 /94169D:J,4,3Z!D, 4153, 1!11,75.1, D , /43!
2/71853162//911S,169/3.7,1,712/19:4.D2139J54.9/F!

|

Y2.J51,1491324.30ZIN.P12/7!N..P12S90, 1 —95J71S, 15/324.3026491712/71.0148,,139J54.9/179 , 31/941324.30Z!N. P48 , /!
41 —9571193,1 431 =,/,121.4) 2/7V 03,].S.J.4ZF =9/7.4.9/! \...P! .31 239! 90! .D:9142/6,! S,6253,! S./3! NO1!
69/42./ 131/, , 7491S,1:26>, 71— 481.4, DANOLI621=0PI90different dimensionsFY2.151,1491324.30ZIN.0PI— 957!
21391D2>,1.417.00.65041001!53, 134011, 41., 0, 1724212/ 74, 341234, 1/24.0, 139J54.9/31751./=18,, 11196, 33190 : 19SJ,, D!
39J0./=F +8531102.J51, 149! 324.30Z! N.OP! —95)7! D, 2/14824148,,13Z34, D! 79,31 /941 1,27.3Z1 35 : 9141 69/4./5.4Z!
S,4—,,/18,139154.9/12/748,!:19SJ, DF!

+8,14—91:1.D21718,51.34.6/T./!; 26>./=12)=91.48D3U824 - , 1,153, 71./48,1:1,3, /4, 7139J54.9/1— , 1,48, \First
Fit Decreasing 2/7\18,! Best Fit \3,,'R//,]'8 "1 ;3,579697 P +8,2! —,1,16893,/!90,11948,1! 8, 51.34.6!
21=91.48D3!S, 6253, 148, 21820,1210234,1115//./=14.D,112/71 23391 : 19756, 139154.9/314824121 , | D568!6)93, 1149)!
18,19:4.D2J139J54.9/1482/1D 9341948, 118, 51.34.612J=91.48D3FIMOL, 17, 42.13125954148 , 1532=,, 19048 , 1 : 1,3, /4, 7!

2::19268!./11,2)1623,3IN<.0./=1<2S1%P!62/!S,1095/7!./'3,64.9/'4#190148.3!7,J.0,12S),! "1 8!Q, S![,10.6, 3F!
!

2.2.1 3D Best Fit Algorithm

+8,1:51:93,19048.312)=91.48D1.34919:4.D.3, U8, 109I5D, 153, 71./121binf!Y 1341121 26>./=17.1,64.9/1.317 6.7, 7F!
*2681;8LM90, 118231481, ,17.1,64.9/31./1—8.68149! : 26>E121— . 748INOLIxP1 7.1, 64.9/112!8 , .=84NOLIPI7.1, 64.9/112!
7, :48IN9LIzP17.1,64.9/F (/1 ;6LMOO, 11,31 2 26>, 71241214 D FIY 13412 pivor - 9./4.316893, /F1+8, 120941 312!
IzPI69917./24,1—8.6811, 11,3, /43121:9./41./121: 214.6512113D bin!241—8.6812/1244, D - 4491 26>121;6L. " 9/42.7 1!
—.J1Is,1D27 !

|

+8,1526>19—, 113, 041691/, 1190148, 1 ;8L ™ 9/42./, 11— JIIS, 12126, 7124148, 1 - .OO4FI40148 , | ;8L = 9/42./ , 1162/ /941S, |
=26>,7124148, 1 :.0041 1 93.4.9/1148, /1 413119424, 715/4.01 4162/1S, 126>, 7124148, 1 - 094! : 9./419115/4.31 — 1820,
41, 712042 933.5),110424.9/147 = | 3F1801204, 1119424, /=1 41148 , 1 ;8L " 9/42./ , 11343162/ /941S , 1 - 26>, 7124148, 1 - .04/
29./41148, /1 ,1D90,19/1491 : 26>./=12/948, 11 ;8L ™ 9/42./ , 112/ 71277148, 15/ : 26>, 7! ;4L ™ 9/42./ , 1149121].34190!
281" 9/42.7,13U8241— JIIS, 12 26>, 71204, 112/1244, D :41491 : 26518, 11, D2././=1 ;6L " 9/42./ ,131.31D27 ,FI+8,,10.134!
=.0941./12/, D :4Z) ;6LM90, 11.312)— 2Z3N?1212PF!

2.2.2 3D First Fit Decreasing Algorithm

+91:26>12154L 7 9/42.7,110.134212!26>./=17.1,64.9/1/, , 73491S,17,6.7, 7F1+8,119/=, 3413.7 190148, ! ; LM90, 1!
6911,3:9/73149148,1:26>./=17.1,64.9/F1+8, /119424,1,268! ; 6L ™ 9/42./ , 1135684824148 ,1J9/=, 3413.7 ,190148.3! ; &L
"9/42./,11.3148,13.7,1-8.68!.3148,1:26>./=17.1,64.9/W .F,F1.01 -, 121,1 - 26>./=1SZ! — . 748\148, /' — ,1 -2/4148,,!
19/=,3413.7,190148, ;4.7 9/42./,1149!S,148,169/42./ , 193! - . 748I1391091!, ] 2D :J,1.048,1:26>./=17.1,64.9/1.3!SZ!
—.74812/7'48,16511,/418,.=84190148,169/42./,1!.31J9/=, 11482/" 431 — . 7481148, /119424, 148 ,169/42 ./ , 1F1 401 204, 1!
:,1091D./=148,119424.9/N3P148, 1.4, D162/ /9410.41. /49148, ; &LM9O, 1IN.F ,F19/,1911 D91, 190148,!7.D, /3.9/3!90!
48,169/42./,13! ,16,,73!48,! D90, 193! 6911,3:9/7./=17.D, /3.9/PIN 48, /! — ,119424,148,169/42./ ,1!5/4.)148,,!
second 19/=,3413.7,190148.3169/42./,1! .3148,!13.7,! —8.68!6911,3:9/73!49148,! :26>./=17.1,64.9/F 40! 204, 1!
:,1091D./=148,119424.9/N3pP!48,169/42./ ,1162//9410.4!. /49148 ,1D90, 11148, /1 — ,119424,148,,169/42./ ,115/4.J148 !
third 19/=,3413.7,190148.3169/42./ ,11.3148,13.7,1-8.68!6911,3:9/73149148, 1 :26>./=17.1,64.9/F ) , ] 413914148, !
69/42./,13\./17,61,23./=1917,1190!-. 7488, .=8419117 , =4817, = , /7./=19/':26>./=7.1,64.9/F+8,!:3,579697,!
091148.3162/1S,13, ,/1./'R// , ] 16!

|

|
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

3 Learning based PI-Optimization

|

' <I&=$-(/-01>* (=27 07/1:!
§TM!./0,34.=24,7148,1:933.5.0.42190!53./=18.3491.62)172421901264.0.4. , 3! - 48./12! ; 8L) 97, 11391231491 D : 190,
18,1,00.6.,/62!9048,19:,124.9/31./1.471 " 9/3.7,1./=148,1 ;8169/6,, 243! 1,3, /4,7 ./\HWB! 1U, /,1.6! ;8 = 23,
[572!n!R3396.24,7! ;8LA5S3! :J2/10AN12! ;8L) 97,169/4./59531Z!1,6,.0,3! ;6L " 9/42./,1312/7D2/ . 25124, 3!
18,D!./1917,14913, /748, DU9!48,10./2!7,34./24.9/F16/148,136,/21.93!7 0./ , 7)./ IHUWFBIN2! ; 8L) 971977213, , 3!
18,17,D2/7'90148,1/97,31./148,1/ ,.=85951899719111962]!/ ,4—91>k! 418231J.D.4, 710.3.5.3.42190!48,!7,D2/7!
90148,14,1D./21153, 1311 39! .4162/1 53,148, 10J9—190169/42./,13148195=8148,1/97,149! 7,1.0,148,!./091D24.9/!
2195/7148,!7,D2/7!90148,10./2)153,1F1 +8.3!./091D24.9/!62/!S,1 53, 71491 2P1 091, 6234 05451,1 7, D2/ 73! 90!
69/35D,1!1=997312/7!SP14QI6I534, 11 ;6L " 9/42./,1319/1211.02149!, /351, 16911, 6412/ 719 4. D2)134912=, F1§/148.3!
7,1.0,1283,I6TM!./419756,18,!69/6,, :41904.D, 13, 1., 31001, 6234./=12/712]3948,, 1532=, 19012/, 512)1/ , 4—91>!
/1917,11491D2>,11,1,02/41:1,7.64.9/311,=217./=13091, 7752/4 4., 37!

|

+.D,3,1.,31001,6234./=1.312! =, JL>/9—/14,68/.75,190!,69/9D,41.6312/7!3424.34.63! /11,6, /417, 213148, 1,!
—2312/1./61,23,1901.4312: 1 ).624.9/1./13,0,12)0.,J731019DIY./2/6.2)M21>, 43NV 2/ 6 9NIA 2%#PUIN1S2/1+1200.6!
NUSQINA?APINDO3NZ! 75, 1912!3.=/.0.62/41./61,23,1./148,109J5D , 19017242!1,6917, 7F+.D, 3, 1., 31091, 6234./=!
:190.7,312!391.7!S23.31001! :2//./=148,105451, 1, 09154.9/190!3Z34, D3!35S6, 64, 714911, 3 , 64.0,13457. , 311 YO
18.311,239/11214,/424.0,134, :14912: :JZ!4.D, 3, 1.,31091,6234./=14,68/ .15, 3149148, 1 ; £169/4,74182349!S,, D27, I
=.0,/48,14,D:912]1/251,19017242!1202.125], - .48./148, 1™ () *+!<.0./=1<2S3!

|

+8,1V954./=I[,10.6,1.3148,10.13412/7'D934!L,J,02/412: :1.624.9/19014.D, 13, 1., 31091, 6234./=1./148, 1 ; £169/4, ] !
7,0./,71SZ%" (Q*+18/17,1.0,128), IHUFBIU8, | ; 823.62018/4,1/ ,4169/6, =417 ,0./,31213: ,6.0.613, 1., 3190112Z,, 13!
/148,135 1171682./1./12/12/219=214917 .= 42)1./4,1/ , 41 F=FI48 | (<&N2Z, 1019014893, 1122 , 13!1954./=1.318,,19/ ,!
1824162/11,0,12=,!./3.=8431 259541 05451, ! 7.341.554.9/1 90! =9973F! +8, ! 1954./=1 12Z,, 111 ./1 026411 .3148,112Z,1!
1,3:9/3.53,1091!.7,/4.02./=148,! 35==,34,7! 1954,1 091! , 268! ;6LM90, 1! +8,1,091, ! .0! 2! 412./,7! D268.7,!
1,21/./=1091,6234./=1D97,11.31,D:19Z, 7123!: 21419048, ! ( :4.D.324.9/'[,10.6, 12/7148,1=248,,1,7!./3.=843121,!
:551.38, 71148, 11954./=13,10.6, ! —.JJl 6216524,148,11954,1 2/71 62/142>,1 ./49! 26695/4! 48, ! D934 :19S2S),!
7.341.554.9/1901=9973I11,354./=1./12/19:4.D2)195469D, ./, 1D3!1904.D , 12/7/D90, 1g3!54.J.K24.9/F!1+8,, 10./2]!
1,350419013,/7./=18,!;6LM90, 1149148, 11.=841 ;6L ) 97, 1491691, 64121 ;6L " 9/42./ ,11.312/1.D 1 9142/ 41=92)190148 ,
;823.62018/4,1/ , !
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

;#2 @7?A (*%16!B!$T7-1*+1<9-I1C(7!
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|
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23 18
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Figure 1 - Product Quantity in Storage

|
Y.=51,1%12590, 11, 11,3, /43148, 15352J1382 ,19012!4.D , 13, 1., 31091148, 1 : 1975641°52/4.47!1 . /131912= I1./12!=.0,, /!
3191, 1124148, 1, /71901, 268172ZF1+8.31./091D24.9/1.31,0,12=, 71./1917,, 11491 : 1, 7.64148,, 105451, |, 09I54.9/190148.3!
6510,F1+8.3!:1,7.64.9/!D22!48, /1S, 153, 7152148, 1V954./=1 ,10.6, 14917 ,4,1D./ , | —8.68!3491, 14910.3.414910.)!
2/1917, 1!
|
-, 11Y.=51, 1%11.4.31.DD, 7.24,J2!,0.7, /44824148, 1,121, 1.335, 3! - .48139D, 190148 , 1>, 710, 2451, 319014.D, 13, 1., 3!
091,6234./=! ./ 482411 25496911,124.9/! ,].343! —8.68! 0.9124,3! 48,! 8Z:948,3.3! 5/7,11 —8.68! 342/7217!
,69/9D,41.61D97,13162/1S, 12 1 1., 712/7121391213,239/21141, /7!, ] .343FIR3162/121391S,, 13, , /I8, 1D, 2710215,
31682/=./=190,114.D ,F1&/1917,,110911214.D, 13, 1.,3491S, 121, 7.6425J, I1.413895171324.30Z4—9169/7 4.9/ 3!

% <9-1,0,J19016011,324.9/1S,4—, , /48, 1/5D, 1953172421 9./43!

AF +8,14.D,13,1.,31389517!S, 13124.9/217!
|
Q8.,148,10.134169/7.4.9/12590, 13.D :JZ!.D 2 J., 31824148, 16911, 124.9/1S  4— , , /148, 14.D, 13, 1., 312/71.43112==, 7!
0,13.9/1.316J93, 49K, 191148, 13,69/7169/7.4.9/1.3ID91, 169D : ).624, TFHI[424.9/21.47\D , /3482448, .D,, 13, 1., 3!
3895)7E!

% 820,169/312/41D,2/126193314.D !

AF 820,169/312/41312/721717,0.24.9/126193314.D , 1!

CE /911820,12/7139516,19041, /7)./1.41
|
8012590, 169/7.4.9/3121,1D, 41148, 14.D, 13, 1., 31.313424.9/21712/762/1S, 1001, 6234, 7F14d1 3=, /, 12117148 , 1623,
1824148, 3,169/7.4.9/3121,10.9124, 71SZ11, 2)L—9L714.D, 13, 1., 3172421356812318, 14.D, 13, 1., 3190172.213496>3!./!
213491, FIH242136., /4.3431820,17,0,19: , 713,0,12J4,68/./5, 349190, 169D , 48.31.335, X — 9/I1A? 2" PNl 2], OZI!
AUbPFI 1) , 51201 /,4—91>1D97,131 21,1 25,1491 D2>, ! :1,7.64.9/3! — 489541 499! D568!69/3.7,124.9/! ./148,!
3124.9/21.421901214.D,13, 1. , 3
|
+8,1.7,21901277./=.D, 13, 1., 31091, 6234./=1918 , | ; 823.62)8/4, 1/ ,4169/4, ]4162/1S,, 1015.405J1091135 - :71682./!
9:4.D.K24.9/F18/102641148 12 2, LINX2/4232LR17IIAP%$P! - 19: 93, 312712 2192681911, 756, 148, 169D =, ] .42!90!2!
d5S43169//,64.9/1S21,0,12=./=121:1,7.64.0,1D97 319048, 17, D2/ 7F1+8,, 121 - 19268131523, 719/148,169/6 , - 4!
90172/2D.6'63534,1./=109148, 1, 42.], 13917 , D2/7W39J0./=11,42.], 13491 ; 6L85S30!6J534, 131233.=/D , /41: 19SJ, D!
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

2/748,/1426>)./=1211954./=1:19S),D!091!, 268!6J534,1F!+8,172/2D.6!6J534,1./=1.3!S23,7!9/121091, 6234, 7!
7,D2/7162)65J24,7!1019D!121],21/./=12)=91.48D!L!<9/=! [ 8914+, 1D! M, D91ZIN< [ +MP! V, 6511, /41 ) ,512]!
), 4-91>H1R/948,1! -2, 1INa. 29I A?%S$P! . /0, 34.=24,312172/2D.6! - 1.6./=":19S),D!091!), 331482/14156>)927!
N<+<P!6211.,131751./=13,0,12]12564.9/!- ,1.973!./! ; 823.62)18/4,1/ ,4IN; &PII./169/3.7 ,124.9/190! - ,2>17,D2/7!
091,6234./=F!!

[

3.2.1 Introduction to LSTM (Long Short-Term Memory)

),51211/,4=91>3)1 ./ - 214.65J21! <[+M! 1,6511, /41 /,512)1 / ,4-91>31162/! 1, 21,3, /41 2139)54.9/1 49! 3,0, 12)!
69D :5424.9/2]! -19S),D31091!4.D,!3,1.,31091,6234./=I" . /! -214.65J21! ./12!1,2)1 7, :)9ZD, /4 ./! —8.68! .41 .3!
.D:933.5),1491D2>,12]]148, 14,3431/ ,6,3321214915/7,1342/ 748 ,13424.34.62)! - 192, 14.,3190148, 1 7242F! [, ,'IR// , ]!
8! C0,10., —-190I<[+M!1091!12!S1.,0!,] - J2/24.9/190! - 824\< [ +M!D97,J3!21,12/7189-148, Z!21,153, 7F!

!

4 DW(I8-79%6%5*:)!

(5112: :19268!-23149153,12/1< [ +M!D97,J149!:1,7.6448,1/,]402]5,19048, 13491, 71"52/4.42'=.0,/'n
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

4 Application in LLs Perspective
!
8/1917,1149! .D:190,!48,!,00.6.,/62! 90! 48,! VV954./=! [,10.6,1148,! :1,7.64.0,! D97,I3! :19:93,7! ./148.3!
7,1.0,1281,121,153, 710011 :1,7.64./=148, 105451, 1"52/4.4719013496>319012!=.0, /1 : 1975641 /1213491, 12/7!, /2S] !
J4,3).=,/031912=,1901=99731./12! 21,8953, F T948! D268./,1,21/./=1D97,13121,12: :).62S),! ./1<<C12/7!
<<112448,V954./=],10.6, 127, 112318 ,1:1,7.64.9/190105451,17.341.554.9/1901=9973! - 95]7!8,,J: 8 , 11954./=!
3,10.6,149!.7,/4.02!48, S, 3411954, 109119 :4.D2]!2)9624.9/190! ; LM9O0, 13F!
!
E#"  F/./1:IF"41;1G*"50!
!
(0,1148,169513,190148,1:195, 6411 [9/2, 1N091!.4310997!,,L69DD, 16,'3,10.6,P!1820, 1.7, /4.0., 7!48,, 1099 ./=!
<.0./=1<2SIC1=92J3!
o H,6,/42)K,12/719:4.D K,1917,11./.4.24.9/4:1, :2124.9/§05)0.JD, /4149!./091D 48 ,11954./=13,10.6,,
o [8914,/!7,1.0,124.D,3!
o ;190.7,10234,112/7'D9L1,169/0,/.,/4389: :./=1,]:,1.,/6,!

+8,1:94,/4.2)119],190/D268.7,11,21/./=!./1268.,0./=148,3,1=92J3.3149 :1,7.6405451, ! [496>!X, , =./=I\/ 4!
N[X\PI<, 0, 131! [496>9543180148 , 11954./=13,10.6, 162/169/35D, 148, 11, 35419048, 1D268.7 , 13, 21/ ./=1D97 , JI
41— .J01S,1:933.51, 14917 ,6, /4121 K, 148, 10500.JD , /419048 , 1917 ,1311,6, .0, 7ISZ![9/2 ,FIX/9— ./=1./12702/6 , 18!
7.301.554.9/190148,1 :1975643!S,4—, , /148, 13491,3162/1, 271491 S, 4, 11 54.3.K24.9/1 90! 4LM90, 131! D2>./=! 4!
-933.51,1491209.71D90./=13196>31019D!3491, 315/, 3312/1917 , 11.3491S, 10500.3, 7F1e4162/12139!1, 756,17, 1.0, 12!
1.D,!S,6253,1-.481=0971:J2//./=18,1,1- IS, 1/913196>9543/1238 , | ; 6LM90, 131— IS, 12SJ, 1491209. 713491, 3!
18241791/94169/42./1./3500.6. , /413196>314910510.J148 , 1917 , IF!

|

+91,/2S1,1412././=19048,1:1,7.64.0,!D97, I [9/2,, 182316941, 64, 710#1 7223190134912=, 11, 6917319012195/ 7!

#2?7?221:1975643!.71113491,31J9624,7!./148,,16.4Z190! ; 9149l ; 9145=2F!
|

Ex2 F/./1:IF"41;IH"T"!

!

+8,11,69173!—,1,169J),64,719/)21751./=148,1S53./ ,33172ZF1Y91148.3!1,239/W! -, !1,132D -], 7148,14.D,13,1., 3!
491S,11,=5J2119/J2!751./=1S53./ ,33189513I.F ,F! - ,17.36217, 7! -, ,>, /731 +8.31823!1, 756, 7148, 1], /=48190148,, !
4.D,3,1., 340N AI72Z3F1+2S], 1%F1S , 19—1389-3148, 135D D21713424.34.631091!, 26813491, F1+8, 10215, 31389 /121, !

69D :54,71091!,2684.D,13,1.,312/748,/148,!D, 2/190148,, D! - 23!69D - 54, 7F!!
!

DAY STOCK STOCK STOCK STOCK SKU
count mean min max std COUNT
STORE
A 38.5948851 | 33.953754 | 0.68685199 | 56.5175478 | 12.9223681 | 48095
B 38.4471396 | 50.8024221 | 0.71729754 | 88.4664147 | 20.1113731 | 55079
C 38.7545982 | 40.4017437 | 0.63057038 | 64.389396 | 14.1121618 | 47954
D 39.3461568 | 31.6502373 | 0.27462652 | 51.5378535 | 11.7727301 | 26462
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

Et; 8-79*60!
R3!2]1,272!D,/4.9/, 70 —,17,6.7,71491 53,1 <9/=L[8914! +,1D! M, D91Z! N<[+MP! /,512)! /,4—91>! 2/7!
69D:21,7!.4312665126Z!—.4811,3: , 6414912/1RB49V , =1,33.0, 18/4, =124, 7!M90./=IR0, 12=, D97, INRVEMRPF!
+8.317,6.3.9/1-231D27,1S, 6253, 19048, 18.=8, 0, 1190125496911, J24.9/19048 , 14.D, 13, 1., 3F11441.3! - 933.5J,, 148241
/148,14.D,1:,1.97153,71491D2>, 148, 1 :1,7.64.9/14824148,1,1.31210.9J24.9/1 90148, 13424.9/21.47169/7.4.9/1 23!
211,27219541.7,7!./13,64.9/1CFAI2S90,FIR3I2!1, 350D 2>./=1 1, 7.64.9/3! - .481342/7217!,69/9D, 41.6'D97, !
31/941:933.5, 11T, ./=13424.9/21710911214.D, 13, 1.,3'D, 2/3!./1: 1264.6,, 481, , 48./=3!
|

% +8,120,12=,19048,14.D,13,1.,3102J5, 162//941682/=,1751./=18, ! - , 1.9719012/2]Z3.3f!

A +8,1302/721717,0.24.9/13895171/941682/=,1751./=18,, 1 - , 1.9719012/2JZ3.3¢!

CF +8,1,13895)71/941S, 141, /7319113, 239/2)! - 244, 1/ 3F!
|
R5496911,124.9/1S,4—, , /148,1021.9531J2=3190148,, 14.D, 3, 1., 3!.312!6J, 2113.=/14824148 12590, 169/7.4.9/3121, !
/941324.30., 7F &/1Y.=51,1 Al S,J9—11 48,1 :1,3,/6,1 90! 25496911,J24.9/! .3! ,0.7, /41 5/4.31 12=! b1 091! 2! =.0, /!
1.D,3, 1., 3FIR0, 112=1%21148 , 125496911, 24.9/1.31./61,23./=1 - 8.68162/1S, 12! 72/=, 195313.=/19013,, 239/ 2] .4ZF!
U.0,/148,1/2451,190148, 1724219011, 3.752)1 - 1975643!./148,, 13491, 311 41.31 /94157, ] = , 64, 714913, , 1356813, 239/2J!
00564524.9/3!.0J534124, 71./1Y =51, 1AIS, JO—F!!

1.00
0.75 A
0.50
.5 0.25 A1
®
e
‘C_)‘- _000 \ - . /— ‘
:(j % y —
Z 025+, :
—0.50 A1
—0.75 A
- —100 T T T T T T
35 40 5 10 15 20 25 30

Lag

Figure 2 - Autocorrelation
Note: Lag 5 = 1 week / Lag 10 = 2 weeks and so on

H5,14914.D,169/3412./43113424.9/21.421091!, 268!4.D, 3, 1., 3! —23! /9414,34,7'89—,0,1i19/,1 - 933.5], | —2Z149!
90,169D,148.3!-94,/4.2)!1.3>1.3149153,121D97 , Jil).> , I< [ +MII!4824!.312S], 1491209.7148.3!>./7!90!.335, F!1! Q.48!
21:214.65J2113,4190!: 212D, 4,13!,0, /48, IRVEMRID97,1162/1026, 48, 1682J), /=, 31901356847 : , 31904.D, 13, 1., 3!
89-,0,1175,14914.D,1).D.424.9/3I" .41 .31 /941 2933.5),14910./,45/,1 2/ RVEMR! D97,J1 091! , 268! :197564!
\/7,1342/ 725121161, 24./=12!D97,J1091!,268!-197564!-2312]D934!. D : 933.5),11=.0, /148, 1/5DS, 1190! - 19756431!
S541.41.312)391 /94148, 1S, 3412 :19268!=.0, /148241 — ,1 - 3]1J93,!1./091D24.9/! :190.7,7!75,149148,109J5D, 1 90!
T242¢!
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

+8,1,001,11 21 7,6.3.9/! 23! D27,! 49! 412./! 2! D97,J! 48241 —.))! J,21/! 019D! ,268! -197564g3! 8.3491ZF!!
\/09145/24,)Z1148, 11975643121, 179412148, 132D, . ,F148,1, 121,1:19756431482412]-273!820, 1218.=8109J5D, I./!
4,1D31 901 N52/4.4ZF1 6/1 917 ,11491 2771, 33148.3! 8,4,19=, /7, .4zt - ,17,6.7,7149!1,/91D2) K, 148,14.D,!3,1.,3!
266917./=149148,.1'D./.D5D!2/7'D2].D5D!02J5, 3HY.=51,!C!S,J9-1.312!7.341.554.9/190!48,121,2! 90148, !

6510,3!S,4—, ,/IN35D19012))148,102J5,3!90!, 2684.D, 13, 1., 3P1. /!, 26813491, 1. /1 ; 914916 .4ZF!
!

STORE
333
J 4

iy HHH}_%\&

1600

940

1200 -

Frequency

._.

£ [=)] ] o
o o o [=]
o o o o

N

o

o
1

0 T T
-2 0 2 4 6

Figure 3 - Heterogeneity in the sum of the values of the timeseries for the Porto dataset

Y.=51,1115,19-1:190.7,312/1./7.624.0,1.7,2190148,17.341.554.9/190148,, 18, 4,19=, /.6.4Z!90148, 1724215, 6253, 14!
389-312135D190148,102]5, 310911, 268! - 197564!. /148, 1<.0./=IC! 72423, 4184162/1S, 13, , /14824139D, 1 : 1975643121, !
:1,3,/4./139D,13491,312/71/941./1948, 1312/ 714824!D91, 1911, 33148, 17.341.554.9/190148, 14.D, 3, 1., 3!102]5, 313!
48,132D,1./12]148, 13491, 3k, 0, /.0139D, 13491, 313, , D1491820, D91, 101,75, /411,3.752)3F1+8, 3, 1=12-83!, /25], !
531491 5/7,1342/7! 48241 48,1,1 21,1 7.00,1,/6,3! S,4—, , /! 119756431 2/7! 48.3! 8,4,19=,/,.42! /,,731 49! S,!
69/3.7,1,7f!

STORE
- 333

2000 - 460
- 940

1500

...ulll|"”H”

6559778
5612367

Figure 4 - Products per Store
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

+9!1,D90,!8,4,19=,/, .42112/7'49190,169D, 148,!.335,19013424.9/21.4ZI121)2=190!#! — 23153, 710911951/ D97, JF!
+8.3!7,6.3.9/!-231D27,1204,11099>./=124148 125496911, J24.9/!=12:8!./!Y .=51,1A12890,F!!d20./=142>, /148!
02)5,19048,14.D,!3,1.,3!./148,1:1,0.9531#1 72731491 D2>,148,! :1,7.64.9/I' - ,17,6.7,7'49!1,/91D2) K, 148, !
02)5,190148,14.D,3,1.,31S2148,!D./.D5D!2/7!48,!D2].D5D!53./=148,109J)9—./=12: 2 19268E!!!

X_std = (X - X.min(axis=0)) / (X.max(axis=0) - X.min(axis=0))
X_scaled = X_std * (max — min) + min

Note: where min, max = feature_range.

+8.314Z:,19011, /91D2).K24.9/1412/3091D310, 2451, 31S71362]./=!, 26810, 2451, 14912!=.0, /112/=,F1+8.3!, 34.D2491!
362],312/71412/3)24,3!,26810,2451,1./7.0.752))213568!4824! 413! ./148,1=.0,/112/=,19/48 ,1412./ ./='3, 4il! ,F=F!
S,4—,,/'K,1912/719/ ,FIR04,1148.311,/91D2).K24.9/1 -23! 79/ ,148,' D97, J! —231412./ , 71231 ./ 7.624,7!./148,!
09J19—.7/=13,64.9/! IFCFY%F!

4.3.1 LSTM training

R31211,272!D,/4.9/, 7148, 1/, 51211/ ,4—91>1-231412./, 712/ 7\, 34,7190, 1!, 26814.D, 13, 1., 319012! : 197564f!
+8.31:196,33!62/!S,135DD21.K, 7123109119 — 3f!

% \V2/79DIZ!3,],64121:19756412/71213491, !

AP V,/91D2JK,!48,14.D,13,1.,3!

CE +2>, H#PI1901.431./.4.201), /=4810011412././=IN8.31/5DS, 11— 2316893, /1266917./=149!, ].34./=!
69DD9/!:1264.6,31091148,1.D:J, D, /424.9/190!< [+M!D97, I3P!

IE V,:,2048,112././=1:196,330911h?199: 3190, 1148, 132D, 14.D, 13, 1., 318, 1/5DS, 1190199 : 31— 2312
69D:19D.3,!S,4—, ,/!48,169D : 5424.9/2)1 -9, 119048, U ; \I53, 712/7148,1/5DS, 119014.D , 13, 1., 3!
191:196, 33!

bF +,348,11,3504190, 11, 26811, D2././=172219/18,13,5, /6, !

# =9D:54,8,!D,2/137521,1,11911091148,14.D,13, 1., 3!

“E[LJ,6421/,—14.D,13,1.,312/718,1:196, 3311, 342143F1841.31. D  9142/41491/94.6., 14824148, 1 — , .=843190148 !
1.D,313,1.,31—,1,1/9411,3, 4113948, 1D97, - JI>, , 148, 1./091D24.9/125954148,14.D, 3,1.,3!j 53, 7!
0911412././=F!

|

+8.31:196,33!1,D90,718,1/,6,33.42149!>, , :1213, : 2124,1D97,1091! , 268! - 19756418/34, 2719/ , 131>, - 4148241
69/12./3'D, 2/ ./091D24.9/1 259541 48,1 , /4.1,1 72423 471 U.0, /148, U ; \! 622 26.42! 202.32SJ, 11 90, 1! %AI?2?!

11975643!—,1,153,71491412./148,'D97 ,INA? 190148, 1, /4.1, 172423 , 4PF!
!

4.3.2 ARIMA training

U.0,/148,15/.75,1/2451,190148, 172423, 41 :190.7, 7! SZ1<.0./=1<2SI Cll 41 — 231 /941 : 933.5J,149169D: 21,1 951!
1,35)43!—.48148,1,]2D:1,31019DU8, !, ].34./=1.4, 12451, F1 [ /1917 , 11491820, 12/1 , 34. D24, 190148 , 153,051/ , 33!
9048, 1412./,7'D97 31217 ,6.3.9/1-231D27 , 14912J391412./12/!RVEMRI D97, F1U.0, /148, | — , 11169/39).724, 7!
5/7,1312/7./=19048.3!,69/9D , 41.6!D97, JI1.411, = 1,3, /43121523, 1./, 109119511 : 1, 7.64.9/F!!
|
+8,1412././=1:196,33190148, IRVEMRIDO7, I - 2313.D.J21149148 19/, 17, 361.S, 71./13, 64.9/1 IFCH%612S90 , E!

% \V2/79DIZ!3,l,641214.D,13,1.,3!

AF\3, H#HP1901.431), /=4810911412././=12/7148 , 11, 34109114, 34. /=11

CF +12./18,!D97,J!

IF "9D:54,148,!D,2/13"521,!,1191319048,!:1,7.64.9/3F!
!
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

U.0,/148,1/2451,190148,|RVEMR!D97, JI! -, 1820, 1412./,71213./=],'RV&MRI091!,268!4.D, 13, 1., 3F!1+8,1,1.3!
/9169/624,/24.9/18,1,1S,6253,! .41.31 /941 2933.5),1491 >, :148,1 —,.=843!90!48,1412./,7! D97,J! 091! 05451, !
412././=f

4.3.3 Comparison (LSTM & ARIMA models)

+8,1312/721712/716911, 6412 - :1926819012!69D 2 21.39/19014— 91D 97, 131./17242!D./ ./=1.314912./ 14— 9! D97, 33!
90,1148,132D,172423,412/7!D, 2351, 148, 112665126 Z1 T541=.0, /148, 1J.D.424.9/3!./148 , | [4243D97 , 3! : 2489/!
151217153, 710011412././=148, | RVEMR! D97, JIl —,17,6.7,7149!32D: 1, 139D, 14.D, 13, 1.,312/7169D: 21, 148, !
D,2/137521,1,119119048, 11412./, 71D97 ,J190!< [ +M! - .48!, 268!1RVEMR! D97, J1412./, 71091, 26814.D, 13, 1., 3F!!
|

+8,11,3503!:1,3,/4,7./1Y =51, b!S,19—1389 14824148, 1D, 2/13°521, !, 1191190! RVEMRIND2P!.3!8.=8 , 11482/
<[+MINbb)FI&/1026411.019/ , 199>, 7149148 ,10./2)1S21190148 , 14—918.349=12D31795!62/13, , 14824148 , 1,121, 1DIL,,!
1.D,13,1.,31—.4812/1,11911=1, 24, 11482/1A?1./148 , IRVEMR! D97, JINb2P1482/148,, 19/ , 190! < [+ MINbSPF!+8.3!.3!
69/0.1D,7!SZ148,102J5, 31389 /1SZ48,, 1124.91S 4~ , , /148, 491D, 2/137521, 1, 1191319048, 14.D, 13, 1., 318, 1,!
A162/1S,13, , /1482418, 1/5DS, 11904.D , 31./1-8.68IRVEMRINDb2P!.3I=1, 24, 1482/1< [ +MNbSP!.31D91, 182/18, !
69/1121ZF1Q,1820,179/,148.3169D: 21.39/190, 112195/ 71%0?14.D, 13, 1., 3190! : 1975643711 +8, 1412././=190148 !
RVEMR!DI7,J1.3! : 214.65)21J21319—12/7! — , 1695J71 /94! - ,1091D48,,12/2J73.3190, 1! D91, : 197564318/1951!
J4,1:1,120.9/1148.31./7.624, 3148241697624, /24./=148,1412./ ./=190148 , 14.D , 13, 1., 31./61, 23, 7148, 12665126 Z! 90!
18,1D97,J1./169D 2 21.39/149148 , 1D91, 161233.62J12 - - 19268!90!RVEMRF!!

ARIMA MSE LSTM MSE
80
I 60 - i
60 501 I
@ I 40 - (b)
40 1 30 A I
il
I 20
20 - I
M °11
N N T
0 5 10 15 20 0 5 10 15 20
LSTM/ARIMA mse
1201 I
100 . I
80 I
60 I
40 - I_
20
Nl B |
0 5 10 15 20
©

Figure 5 — Mean Square Error

(a) ARIMA Model: approx. 70 time series > 20
(b) LSTM Model: Mean Quare Error: 60 times series > 20
(c) Ratio between LSTM & ARIMA models: There are more than 100 time series with a value < 1, meaning LSTM is lower
than ARIMA
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

E4E F/./1:IF"4!E!G*"50!
|
(0,118, 169513, 190148, - 196, 64l [496>599>./=1.7, /4.0., 7148 , 109119 — ./=1231=92131091!<.0./=I<2S! | !

F §/61,23,1-21,8953,1a52.42!190![,10.6,!

SE 4D:190, 148,154.0.324.9/190148 , 1-21, 8953, 10J99113: 26, !

|
+91917,11491268.,0, 48, 3, 1=9213l1<<11:190.7, 71272423, 4169/42./ ./=Ib\Z , 2131901264.0.4. , 3169/ 7564, 71./19/ |
90148, .11-21,8953,31./1Y12/6,HETMIS, J., 0, 148241 :1,7.64.9/1D97,13162/18,:1268.,0, 48,17, 3.1, 7!=9213190!
<<IF*00,64.0,1:02//./=1901=99731./1211.02012/717, - 21451, 162/1), 271912!S , 44, 11532=, 190148 , 1202.J2S1, 132 26, !
/148,1-21,8953,12/715)4.D24,12!.D 1190, 148, 1°521.47190148,13,10.6, 3FIR! -1, 7.64.9/1D97, J13.D.121149148, !
D97,I1412./, 710911<.0./=1<2SICI62/1S, 153, 71./148.3169/4, J41491091, 6234148 , 1=9973!./1211.02)12/71 21, = 21, 1./!
2702/6,148,13:26,1001148, ! 119756431 Q.48148, 1 :9/4, /4.2]1 ./4197564.9/1901214Z = 1901 D2 = ./=13Z34, D14824!
62/13,0,12=,148,1./3.=83190148,1:19:93, 7! :1,7.64.0,!D97 33! -, 148./>148.31 — 1118, J:1268.,0, 148, 1<.0./=!
<251=02J190!.D :190./=148,, 154.0.324.9/19013: 26, 1 - .48./12! - 21, 8953, FI!
|
)9-2727311.41.31:933.5J, 49153, 1D, 4897319017. D, /3.9/21.42!1, 7564.9/1 ™ 1356812313, J0L91=2/ K./=ID2:3IL1./!
917,11491412/3091D 148,11, :1,3, /424.9/1901./312/6,,31019D!3, 0, 120X ; 43149131, 6.0.6!S.7.D, /3.9/211911481, , L
7.D,/3.9/2)1 D2:31 +8,172423,41 :190.7,7! SZ! [496>S99>./=1 38931 21 J94! 90! 3.D.J21.4.,3! — .481 48,1 7242!
-190.7,71SZ1[9/2,F18/159481623,3148, 1,121,13,0,12J14.D,13,1., 3190/ D90, D, /43190! : 19756437 R}4895=8148
69/4,14.317.00,1, 7411 4162/1S,12335D, 714824148, 1 3424.34.62)1 : 19 , 14.,3190148, 172421 21,148, 132D, F1 +8.3! .3!
S,6253,1./159481623,318,1=99731./1211.02012/717 , - 21451, 121,11, 324, 7149148 ,10./2)11,,42.3, 117 , D2/ 73F!
|
+8,1,001,112!7,6.3.9/! =231 D27,1491 2: :J2148,132D, 142 ,1 90! D268./,1],21/./=1 2}=91.48DI! < [+MF Q, !
2:1J.,748,1277.4.9/1901:1,7.64./=1/9419/1Z148 , \\52/4.47!./13196>31S5412J3948 , 1/5DS, 1190! : 19756431, 20./=!
019D12/71211.0./=1./498 ,1-21,8953,12/7189~1D2/Z!: 2], 4,31-95J71S,1./09J0, THIR3I2!1, 350411 — , 121, 7.64!
14.D,3,1.,3—.481213./=],1D97,,JIU.0, /1.431/ 2451, 148, < [+MID97 ,JI— JJU2> 1. /49169/3.7 ,124.9/12/ 7147 - |
9016911,124.9/1S ,4—, , /148, 1114.D,3,1.,31—, 121, 1412././=191 : 1, 7.64f1!
|
+8,1/91D2).K24.9/12/7148,,1:196, 331901, 02J524.9/121, U8 , 132D, 1231. /18 , 1<.0./=1<2SIC!623,FIIY9N9 - . /=18, |
2::19268,3!35==,34,7! ./148,1 :1,0.953!0,13.9/1 901 48.3! 7,J.0,12SJ, ! —,1820,! 21391 41., 71491 2: 237! 3, 0L
91=2/.K./=1D2:3149148.3172423, 41 Q, 148./>1231./4,1,34./=121, 21091105451 , | —91>1 —95]71S , 12/1, 021524.9/190!
18,163534,1./=1,00.6., /6219013, 30.91=2/.3./=ID2:3190, 148, 1091, 6234, 7\4.D, 13, 1., 3!
|

U.0,/148241091148.3!<.0./=1<2S!—,121,1=9./=1491 : 1,7.64!210,6491190! 1'4.D, 13, 1., 3l -, 162//94169D - 21, 148, !
1,35J4190148,1:1,7.64.9/190!<[+M! - .4812/'RVEMR! D97, JF1 +8.3!.3!S,6253,RVEMR! D2>, 3! .431091, 62343!
9/1212=2./341213./=],10215,F%/1*69/9D, 41.63!79D2./1l, ] .34312!D97,J!62)], 7 ,6491!1R 5491, =1, 33.0,!D97, !
NFRVPI091148,3,14Z - ,319013.4524.9/311S541.41 - ))11,15.1, 12132 ,6.0.612/2173.3190148,, 13424.9/21.42190148, 14.D, !
3,1.,310,6491F1 U.0, /48,1 412././=14.D, 1,751, 7l —,1 :19:93,148.3! 231 21 05451, 34, -F! +853| 5/7,1! 48, !
2335D:4.9/19013.D.J21.4Z! S ,4—, ,/148,14-91 72423 4311 —,17,6.7,7'491412./1 2/ <[+M! D97, I 09))9—./=!!
:196,33!61, 24, 71091!<<CF!!

|

! !
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D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

Exl F/./1:IF"4IEIH"T7"!

[496>599>./=169]J,64,7!7242!190148,!D90, D, /431901 :1975643!. /12! - 21,8953, 1019D!M2168!A?%b!491e2/5217!
A?AQ,!—,1,1:214.65)2102! ./4,1,34, 7V ./148,1"52/4.4.,312/ 7" :19756431],20./=148,! —21,8953,F +2S], | AF!
S,J9-1:190.7,348,17,361.:4.9/190148, 172423 , 4!

Field Description
maj Indicates the date of movement
tmv Indicates the type of movement. There are 5 types: arrival(EE), departure(SS), free

space(LS), internal putting(DE), internal pushing(DS). In some cases, there are no
records so not applicable (NA)

pbru Indicates the weight moved
allee Length of the warehouse
prof Depth of the warehouse
niv Level of the warehouse

ref Unique id of the products

npalfm Unique id of a palette

qte Number of units of a palette moved.
Table 2 - Stockbooking Data Template

Table 3f1S,J9-1:1,3,/4312135DD217!90148 , 1>, 713424.34.62]10, 2451, 3190148 , 172423, 41+ 8, 172423411, 1,3, /4312!
3,1.,319011,691731901 D90, D, /41901 021.953! "52/4.4.,31 90! 1975643! S ,4—, , /! =2],44,312/7!9543.7,1 90148, !
—-21,8953,F1Q,109653,7!9511244,/4.9/19/1219/'48,!D90, D, /43!901=9973!J,20./=148,! -21,8953,!S, 6253, !

== L3, TN/ T /4027714812 24,1731, /148,17, D2/ 71901=997 3!
!

Field Min Max Mean Std. Dev | Median Mode Unique | Valid
maj 2015-01- | 2020-04-01 | -- -- 2017-08-28 | 2018-10-12 | -- 719127
06 1
tmv -- -- -- -- -- EE 6 719127
1
pbru 0.000 1029.600 197.390 157.762 178.360 220.320 - 719127
1
allee 1.000 999.000 253.922 243.926 176.000 160.000 - 719127
1
prof 1.000 999.000 135.987 151.787 72.000 201.000 - 719127
1
niv 1.000 10101.000 | 8.773 22.758 3.000 1.000 - 719127
1
ref 140039.0 | 43932990. | 12120466. | 2184508.0 | 12263964. | 12310574. | -- 719127
00 000 273 43 000 000 1
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npalfm | -- -- -- -- -- -- -- 719127
1
qte 0.000 448.000 50.656 43.296 42.000 63.000 -- 719127
1
Table 3 - Stockbooking Dataset Statistics
!
Field Outlier | Extrem | Action | Impute | % Valid Null Empty | White | Blank
s e Missin | Comple | Record | Value | String | Space | Value

g te S

maj 0 0 None Never | 99.999 | 719127 | 58 0 0 0
1

tmv -- -- -- Never | 99.999 | 719127 | 0 58 58 0
1

pbru 133796 | 420 None Never | 99.999 | 719127 | 58 0 0 0
1

allee 1 0 None Never | 99.999 | 719127 | 58 0 0 0
1

prof 58059 | 3503 None Never | 99.999 | 719127 | 58 0 0 0
1

niv 1284 29 None Never | 99.999 | 719127 | 58 0 0 0
1

ref 99657 | 54090 | None Never | 99.999 | 719127 | 58 0 0 0
1

npalfm | -- -- -- Never | 99.999 | 719127 | 0 58 58 0
1

qte 89855 | 26708 | None Never | 99.999 | 719127 | 58 0 0 0
1

Table 4 - Data Quality

+2SJ,11F12590,1389-3148,11,J24.0,1152).47190148,, 172423, 41Q , 1196, 33, 7148.3172421091148 ,1: 51 93, 190!820./=!
095114.D,3,1.,3k14=910911 5/.431 2/ 7! =2],44,3! ./1 211.02)1 2/ 71 4—910911 5/ 431 2/7! 2], 44,1 /1 7,2 21451,F1 Q, !
48,1,091,169/3.7,119/JZ! Al4zZ - ,3190! D90, D, /43! ./11,3:,64190148,1#! D90, D, /4147 - ,31389—-/1./1+2S], | bF!
2590,F1+8.317,6.3.9/1-23ID27,!S,6253,! -, 148./>14824148,, 2121,1D91,16J93,JZ!1,J24, 7149148153, 117 ,D2/ 7F!
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ExJ 8-79*60

+91412./148,!D97, )i — ,10965319/148, ! D90, D, /41901 : 197564311 S948!./12/ 71954190148 , 1 — 21,8953, FIH , 31 .4, !
18,172423,41820./=1=12/5121.4Z190172Z311 41~ 2317 ,6.7, 74O, 32D 2, 1449121 — | | >]71S23.3F1+8.31 - 231491209, 7F!
PID.33./=10215,312/71. P499ID2/Z172Z3190IK , 191264.0.4ZF1841.31 914811, D, DS, 1./=1189—, 0, 1114824148 , 1, 1.3!
/9412)-223172.12/D90, D, /41901=99731./12!1— 21,8953 1 T23, 719/!1— 824! — 1820, 1], 21/41019D!<.0./=1<2SICl!
—,1D2>,148,132D,12335D :4.9/14824148, 1,1.318,4,19=, /, 4Z!S 4~ , , /1219756431 /18 , I<< 1172423, 412/ 7139 - , |
/91D21.3,748,14.D,13,1.,3!53./=148, 132D, 14,68/.75,153,7!./1<<CHQ, 1820, 16893, /149153, 12112=190! 1 1091!
18,1D97,11S,6253,148.3!1, :1,3, /43121 D9/48190!264.0.421091148,, 1 — 21, 8953, FIR04, 1148.3! 1,1 : 196, 33./=I1 —
12./,718,1<[+MID97,1153./=148, 132D, 12 : 19268123148, 19/, 17 0./, 710911 <<CF!!

|

8/148.313,64.9/\1 — 1 :1,3, /41891 —,1820,153,7!3,10L91=2/.3./=1 D2:3!49! 6J534, 1148, ! : 19756431 69/42./ , 7!
— 48./18,1<< 1172423, i1, ,IR//, ] %8811 €0, 10., — 190! [ (MI[ , 01 (1=2/.3./=IM2:3P1091121S1. , 01, ] - J2/24.9/!
901— 824 [ (M3121,12/7!189—-148, 2121, 153, 7H!

|

!
4.6.1 SOM Training

+12././=19665131./13,0,120134, :312/7190,11D2/Z1.4,124.9/3F!
|

U *2681/97,13!—,.=813121,1./.4.2).K, 7F!

AP RI0, 6911316893, /124112/79D1019D U8, 13, 41901412././=1724212/71:1,3, /4, THOUS , 11244.6 !

CF *0,121/97,1.31,]2D./, 714916265J24, !~ 8.6819/ 13! —, .=843121, ID93N.>, 48, ./ : 5410, 64917148,
—.//./=1/97,1.3169DD9/JZ!>/9~ /1238, 1T, 34IM2468./="\/ ANTM\PH!

IF +8,!127.5319048,!/,.=859518997!9018, ITM\.31/9—162J65124, 7F1+8.31.312102]5, 1482413421431121=, I
17621713, 414918 , 1112753190148, 1J244.6,,1S5417.D./.38, 3!, 26814.D, L34, :FIR/Z1/97,31095/7!  .48./!
18.31127.53121,17, ,D, 7191S,1./3.7, 148, ITM\13!/, .=85951899 7F!

bF *2681/,.=85951./=1/97,13i8,1/97,31095/71./134, [ 1P!— , .=843121, 1276534, 7149!D2>, 148, D!DYL, !
1.>,148,1./ 25410, 619171 +8, 16193, 1121797 ,1.314948 , ITM\I8, 1D9L, 143! — , .=8431=, 41204, 1, 7F!

# OV, 7, 24134, 1 IAI0911) 1.4, 124.9/3F!

81-2317,6.7, 7494, 0,12=,148.314,68/.5, 14916J534, 1148, 1 1 19756431 /148, 1 - 21,8953, 12/7153, 148, 1091D , 7!
6J534,1149135==, 34148, 17.341.554.9/190148 , 1 :1975643!./148 , |- 21, 8953, FIY 911482411 — , 161, 24, 71C17.00, 1, /4!
17:,319011, 11,3, /424.9/319048 , 1 :19756431202.J2S), 1./1<<1!—-8.68121, 1.3, 7!S, J9—F!
|
u (/,./!-8.681—,1820,169/3.7,1,7!189—1D2/Z!5/.4319012!=.0, /1: 197564121, 1, 20./=18, | - 21,8953, !
,0,1217271- 481,37, 64149U8 , 14942)1), 20./=19/12/2!=.0, /172ZFQ, 121, 148,1,091,169/3.7,,1./=!,0, 1Z!
7271231213./=1,1917 ,112/7134572./=1 43169D : 93.4.9/F!
AP RIL,:1,3,/424.9/19013(24.34.6201 219, 14., 3190148, 14.D, 13, 1., 3ND./ND2]ND , 2/I1D , 7.2/113,, /=48P!
CF RI3,4190/91D21.K, 71—, ,>JZI2==1,=24,714.D,13, 1., 3!
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5 Results & Discussion

!

1#' F/./1:1F"4!1;1

Q,!820,169/3.7,1,7!48,112301#1553./ ,331 72231901 1, 691731 091! , 268! 11975641 2/7!./1917,1149! 1 ,1091D! 2/!
,021524.9/190148,1412./,7'D97,J! — ,1820,169/3.7,1,7!412././=190,1! ,26814.D,3,1.,312/714,34./=190, 1148 ,!
123410./2)1 22141901, 26814.D, 3, 1., 3F1+8.31D, 2/3148241 — , 161,24, 71./342/6, 3190148 , 1091D!J, /=48!9014.D , 13, 1., 3!
2, U#2=3R#2p 190148 , 1./ .4.201), /=18190148 ,14.D, 3, 1., 31—-231./1./6057, 71./148,, 1412./ /=13, 412/ 7148 ,!1, 341 — 23]
53,7109114, 34./=F!

!
Y.=51,1#S,19—1389—3148,17.341.554.9/190148 , 1D, 2/137521, 7!, 1191190148 , 11, 7.64.9/1./1412./ ./ =12/ 714, 34./ =F!
&41.31,0.7, /74482414, 34./=161,24,31D91, !, 119131901412././=1482/13895]7!S , 148, 1623 ,FI!

| log1l0 mse test

log 10 mase train

Figure 6 - Mean Square Error Scatterplot for the distribution of prediction of each time series

§41.312)39!,0.7,/4189—-,0, 114824 -8, /10.,, —, 712312/190,12])!7.341.554.9/1148,'D97,J13, , D3149!S, 190, 10.44, 7F!
§/11,21.42!.01—,1099>124148 136244, 11 - J941. /1Y =51, 1#! — |162/13, , 148241091148, 1D 2(691.42!90!48,14.D, 3, 1., 31148, !
,11911.315/7,1%7?1-8.68!D2>,31.4121=997!:1,7.64.9/F1641.31,0.7, /4148241— ,162//94.D - 93, 12!, 10,64!:1,7.64.9/!
90148, 12D95/4i175, 149148 ,13424.34.62]1/2451, 190148, 1:1,7.64.9/1D 97, JF16/12S3, /6,19013 - ,6.0.6!./7.624.9/1019D!
48,1<.0./=1<2SIN=.0,/48,!D,2/102)5,190!2!4.D,!3,1.,3190,12)012/7148,!S,4,1! - ,1091D2/6,!./!1,3: , 64! 90!
RVEMR!-,162/1S,1324.30., 7F1841.312J39!,0.7, /4148241091!139D, 4.D, 3,1.,3148,1,1.31213.=/.0.62/41,11911S948!./!
412./.7=12/74,34./=123162/'S,13, ,/1./1Y .=51,1"1S,J9-1S54148.3!62/'S,!.D : 190, 7!./105451, | — 91>F!
R/948,1121=5D, /4148241 ,u8./>!1- )/, ,7!D91, 124, /4.9/1.348,'D,41.6!90!,02]524.9/F1Q, 1820,169/3.7,1, 7!
213.D0:J,!D,2/120,12=,190!48,! D, 2/13"521, 7! ,11911091! , 268! -1, 7.64.9/F 184! —95)7!S,12!1=99712/7! D91,!
J9=.62]1-27149!,02J524,1.0148,!D97 ,J1—23125], 149162 : 451, 148, 105451, 1 - 244, 1/F!
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train
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log1l0 of MSE |

Figure 7 - Mean Squared Error - Training vs Test

1422 F/./1:F"4IE!

8/148.313,64.9/1— 1389148 , 11, 35)419014—912/2]73, 3190148, 1<.0./=1<2S! 1172421491 /61,23, 148, ,00.6. , /6 Z190!
3191./=1:19756431./148, 1~ 21,8953, F1+8.3!1,35041.317, 1.0, 71019DU8, 12 :1.624.9/19048,13,40L91=2/ K./=!D2: !
1,68/.15, 14918, 11, 21172423, e D2Z!S,1: 933.5), 4912 17148, 132D, 12: 119268149148, 1091, 6234, 714.D , 13, 1., 3!
191:1,7.6048, 105451, 17.341.554.9/190148,,1=99731. /148 , 121, 8953, !

|

+8,18,20D2:1389—/1./1Y.=51, IB\2PIS, J9— 1389318, 17.341.554.9/19048 , | : 1975631266917 /=498, .1 , ,>IZ!
,].4101,75, /6ZR16418231S, , /1S5. 04— 481724219/1Z11, 124, TUQ121A5214, 119048 , 17, 211A?%SF!1+8, 18, 24D2:10.=51,,
BNSPI389—3148, 17.341.554.9/1266917./=149148, 1"52/4.4. ,31./09]0, 7!./172.1217, - 21451, 3118/1948 , 11 — 91731148, !
1.D,3,1.,3!—,1,12==1,=24,71./1917,11491.7, /4.02! - 8.68! - , 16, /2=, 19012!=.0, /! : 19756419/12172.12!523.311.3!
=1,3,/0F1+8.3UZ - ,19012/273.31.313.D. 1214948, 12/2173.31:19: 93, 7!SZNH20.3MA2%""PI—8 , 1, U8, 125489112+ = J. , 3!
[ (MU9!:1975641917, 1311718, 169/4, J41901<.0./=1<2S! 1356812172423, 41.317.00.65414912168.0, 139! -, 17,6.7, 7!
1912: :J2148, 132D, 121 :192681S541./34, 27190148, 1917, 13! -, 1820, 153, 7148, 1721217 , - 21451, 311, 691731091!, 268!
-1975641841.31./4,1,34./=1491 /94.6, 148241 ,0, /! — 4813568121 7.00, 1, /412==1,=24.9/1148 , | [ (M!.3134.031 2SJ, 149!
62:451,12149:919=.62J134156451,1./148, 172423, 41],27./=149148 ,1./3.=8131824148, 11, 124.9/17 ,4,1D./24, 71SZ8 ,
7,D2/7319048,153,131.31:1,3, /41,0, /1./148,172.1211,69173F1Q, 148./>18.31.31213.=/190148,, 1917 , 110J9— . F  Fi8 ,
211.02)190!: 197564349121— 21, 8953, FIR/105451, 13457, , 3IL41—95J7!S, .74, 1,34./=4913, , 1.0135681214126, .31 1,3, /4!
,0,/1— 4817.00,1,/4172423,431), 27./=119U8,, 169/6]53.9/148 ,1.41.3U15 , U824 — , 162/153, 10J9 — 19018, 1724214195=84!
2136.)97,14919:4.D K, 197 ,124.9/3!— 48./18,1/97 ,F!

|

Q,169/3.7,1,712/1917 11,268 72712/ 712!34156451,162/1S,10., —, 71./148,172423 , 41184131 - 933.5], 149153, 148.3!
4,68/.75,1491:J2/148,1K9/,319012! —21,8953, 1911213491, 12/7!.0148.314,68/.75,1.312: 2J., 7149148,1091, 6234, 7!
4.D,13,1.,310.4162/'S,1:32//,7!./12702/6,F!

§/1917,114913, ,1.00 = ,162/1=,/,124,13568! 2! -1,7.64.9/1019D!48,172423,4! -190.7, 7! SZ! [496>599>./=l! —,!
§12./,72/'<[+M!D97,]13.D.J2114948,19/ 1=,/ ,124,71091!<.0./=1<2SICll! - .48148, 1277.4.9/148241— , 121,1=9./=!
491091,623411'4.D,3,1.,3149=,48,1F1Q,!D27,148.31689.6, !./1917,1149142> 1. /49148, 169/3.7 ,124.9/148 ,1, 0, 190!
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6911,J24.9/'S,4—,,/148,10951!3,],64,7!02)5,3E!148,!15/.43! /17, - 21451, 5/.43! ./1211.02)1 2/ 7148, = 2),44,3!
/09J0,71./1211.02012/7'./'7 , - 21451 ,F!
+8,1,121,12J3913,0,12)1948,112702/42=,3!./'>/9—./="./12702/6,48,102]5,3190148,3,4.D, '3, 1.,3rU.0,/!48,!
=92]13190!<.0./=!1<2S!IN,F=FIS, 4,1!3:26,154.J.K24.9/190148 ,1-21,8953,P1.41.3!,0.7, /448241>/9—./=./12702/6,!
48,10J9-1901=9973!./1211.02)162/1,27'4912!S , 44,11532=,190148 1 - 21,8953, 3169/419JJ, 7ISZ! [ 496>599>./=F!
!
+8,1[6244,1:J941./1Y.=51,1$!S,J9-1389-3148,17.341.554.9/190!48,! ,11913!90148,1091,6234,7!4.D,!3,1.,3!./!
<.0./=1<2S! 1 g3!I<[+MF!16/169/41234149148 ,11,3504319S42./ , 7'19/1<<(C! 72423, 41148,1,1.31/9!7.00,1,/6,!./148,!
7.341.554.9/190148,1,119131S,4—, , /1412././=12/714,34./=189—,0,1148,!1,1191!.3!18.=8, 1F11U.0, /14824148, !, 1191!
3169D:54,71S2120,12=./=148,!,119119012)J1095114.D, 3, 1.,31091, 6234, 71SZ148,'D97, Jit— , 179! /94> /9—1—-8.68!
9/,1.317,4,1D././=148,18.=8, 34!, 1191F'R!7, , = ,112/2]73.3!190148.3!1,35J41.3!1,75.1,71491.D 190, 148, 12665126 Z!
90148,!D97,J1091!<.0./=1<2S!If!
!
!

S.0.M. o f the Products possible distribution in the warehouse S.0.M. o f the Products possible distribution in the warehouse
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Figure 8 - SOM Heat Maps
Left Map (a): A heat map based on weekly quanity in departure
Right Map (b): A heat map based over the daily distribution of units in departure
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Figure 9 - Scatter Plot: Mean Square Error Training vs Test
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6 Optimisation Pl WebServices & Integration with other Pl Services

|
8/148.313,64.9/11—,1S1.,01217,361.S,148,17,0,J9: D, /#1-91>1./09J0, 7!./15: 724./=48,1 (:4.D.324.9/!;8Q, S!
[,10.6,3!7,361.,7!./148,!:1,0.953!0,13.9/190148.3!7,).0,12SJ, I1HARCF!+8, 1956, 64.0, 190148 ,! ( :4.D.324.9/!
[,10.6,!.314912019-153,13149!61,24,12/19:4.D.3,711927./=1 :02/149169/0,Z! ;4L " 9/42./ ,131S2!12.).S23, 7! ; &
M, 2/31.712/1,00.6.,/4D2// ,IF

+8,1(:4.D.324.9/![,10.6,1,42./348 153,190V, 11,3, /424.9/2)1 [424, 1+12/30, 1NV, [+P'IR ;63148 , I [ - 2=, 12!
/4,1026,12/7148,153,1901H96>, 11091115.6>12/7!, 23717 , J9ZD , /11491619571 : )24091D3! , F=FIETM! = J957F1+8 |
11,0.95310,13.9/19048,13,10.6,, 169/3.34, 71901213./=), 112.J1-2=9/1)927 ./=105/64.9/1091161, 24./=12/19:4.D.3, 7!
1927./=1:32/1901;6L. 9/42./ ,131./14—9L7.D, /3.9/2)13: 26, INAHPLF, F927./=15/13126>28), ! ; 8L 9/42./ , 1349)!
210248, 712,01 =2=9/71dl, 1,1 - ,17,361.5,189-148,13,10.6,1-23125=D, /4, 7! - .4812105/64.9/1091!61, 24./=12/!
9:4.D.3,711927./=! 112/ 90! ;8L 9/42./,13! /1481, ,L7.D,/3.9/2)1 3226, NCHP! .F,F1 1927./=1 3426>2S1, ! ;¢!
" 9/12./, 1314912102418, 712,01 —2=9/19112/!, /6193, 7112.J1 - 2=9/F1/1277 4.9/149148.30! - 17, 361.S,12/1277 , 7!
412./1927./=13,10.6, 148241 : 196, 33,3!2112.11368, 751, 1./12! ;8L) 97,12/ 71 2J19624,3!./69D./=112.) —2=9/349)!

2::19:1.24,1385/4./=122171)./,310911091-217./=1019D!48,!; L) 97 ,F!
!

J#" K-41$-(./?-ILM7-10/*1!

|

+8,1(:4.D.324.9/11,10.6,!.312!V, [ +!R ; 83,10, 7!53./=148,1; 2489/'Y 123> - ,S13,10,112/7! 2 26>2=, 71091!
7,:19ZD,/4123121H96>,11.D2=,F1+8,!1.D:J,D, /424.9/17,42.J31091!48.3!4,68/9]9=213426>11,D2./3148, 132D, !
2314893,17,361.S,7!./148,1:1,0.953!0,13.9/190148.3!7,J.0,12SJ, ITHAF%CF!+8, 109J19—./=13,64.9/3!7,361.S, !
48,11,34156451./=190148,191.=./2]10,13.9/19048,3,10.6, 149!12669DD9724, 48, 14—9!/, —105/64.9/3!12/ 7148, !
.D:J,D,/424.9/3190148,!CH!Q2=9/1<927./=IR ; §12/7!48,1+12./1<927./=R ; §!

! Representational State Transfer

2 Swagger
3 IBM Cloud
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6.1.1  Restructuring the Optimisation ReST API
!

ICONET Wagon Loading API®

Wagon Loading service that provides wagon loading plans based on available wagons and containers.

Loading wagon Loading Pian functions, o

/api/v1.0/loading
/api/v1.0/loading

/api/v1.0/loading

/api/v1.0/loading

Models v

LoadingPlan v {
name*

Figure 10 - The original Optimisation Service API

|

+8,191.=./2)1(:4.D.324.9/1[ ,10.6,!-231/2D, 748, k" () *+1Q2=9/1<927./=IR ; &12/7169/3.34,71901213./=],!
05/64.9/1! 62)],7! <927./=F! +8.31 <927./=105/64.9/! V,[+! R;& —-23! .D:J,D,/4,7! —.48! d++;! U™+l
H*<*+*l; ([+12/7';\+!D,48973F1+8,1<927./=105/64.9/1266, -4,7!21].34190!112.J! —2=9/3!49!S,1J927, 7!
—.481;8L79/42./,1312/7148,1).34190! ; 8L = 9/42./ ,131491S, 17,32 2468, 7F!+8, ! [ - 2==,1!./4,1026, 149148, 191.=./2)!
(:4.D.324.9/1[,10.6,!R ;8162/1S,13, ,/1./10.=51, 12590, F1+8,1<927./=105/64.9/19:4.D.3, 3148, ;6L 9/42./ 13!
/'AHI3:26,1261933148, 1./ 2 541).34190112.J1-2=9/3F1 (:4.D.324.9/169/3.7 ,131S948148,,13:24.2]!1, 341.64.9/3190148,, !
12.1-2=9/12/7148,!D2].D5D! -, .=8411,341.64.9/190148 112 )1 —2=9/F14012/Z! ;4! = 9/42./ ,13121,15/233.=/, 7!
75,149123)1202.J25],13:26,19/148, 1./ - 54112 1 -2=9/3!S, ./=169/35D, 7119/, 191!D91, 1/, 1121 —2=9/3! — 48!
18,132D,!17.D,/3.9/3123148,1./ - 54112 01 -2=9/3121,161,24,7'2/748,11,D2./ ./=! ;& = 9/42./ ,13121,1233.=/ , 7!
49U8, DFI+8,1<927./=105/64.9/1954:54169/3.34319012/19:4.D .3, 7le [ (D N927./=12/F1+8.31927 ./=1-12/1).343!
48,112.01-2=9/31-.48148,.11233.=/,7! ;8! = 9/42./ ,13F'R132D :],190148, ./ - 5412/ 71954 54le [ () 1091D243!091!
18.3'R ;6121,1389-/1S,19—1./1%%!S , J9—F!

|
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Ty
1000,
2.43,
12.19

)
"containers": [

": “London", "trans_time": "2020-01-29 07:06:54.950140"
ime": "2020-01-29 07:06:54.950140" 2

26 [}
Figure 11 - Loading function API inputs and output

!
Y5/64.9/2)1Z1148,1<927./=1R ;4! 79,31 /941 /,,7'49!S,1682/=,7!091!48.3!/,-10,13.9/190148,! (-4.D.324.9/!
[,10.6,F1d9-,0,1123!-,121,!,14,/7./=148,1369:,190148,13,10.6, 149!./6)57 ,12!CH!0,13.9/190148, 112.)! -2=9/!
1927./=105/64.9/12/748,1412./11927./=105/64.9/—,1820,11,191=2/.3, 7148, 'R ; &!/2D./=12/ 7134156451 ,F!
!
I
ICONET Rail Loading API®

Rail Loading services that provides Train and Wagon loading plans based on available wagons and containers.

Schedule Arival scheduie generator. o
/api/v1.0/schedule

Train Train Loading Pian tunctions. o
/api/v1.0/train

Wagon (2D) 20 wagon Loading Plan functions v

/api/vl.0/wagon/2d4

Wagon (3D) 30 Wagon Loading Plan functions o

/api/vl1.0/wagon/3d

Models v

TrainLoadingPlan >

Train >
Figure 12 - The ICONET Rail Loading Swagger interface

|

+8,1:1,0.9531<927./=105/64.9/'R ; &!823!/9-1S, ,/!1,/2D, 7!48,1Q2=9/NAHP!05/64.9/'R ; &F!+8.3!/, =JZ!
/2D,7!0,13.9/19:,124,3!./148,132D,1-227123!S,091,E!1266, -4./=1.343190!12.J! —2=9/31491S 11927, 712/7!48, ! ; &
"9/12./,13491S,17,3:2468,712/7!:19756./=12/'9:4.D.3,71927./=1-12/'0911AH!3:26 ,F'R3!48, 1096531091148 , !
(:4.D.324.9/![,10.6,!-23!6,/41,719/1:19756./=19:4.D.3,71927./=1:12/31091112.J1 —2=9/31911412. /31 .41 - 23!
7,6.7,7 48241 48,1 277.4.9/2) d++;! D,48973! NU*+HI! H*<*+*|! ; \+P! 4824! D27! 820,!S, ,/! 53,7! 091!
D2/2=,D,/49:,124.9/3!-,1,1/9109/=,11/,,7,7F1+8,!R ; 4105/64.9/3!/9-!,D :)9Z!d++; ! ; ([+!D,48973!
9/1ZF1+8,!(:4.D.324.9/1[,10.6,!/2D./=1823!S, ,/15:724,7149!./6J57,148,!,1:2/7,7'369:,190!19:4.D.3./=!
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412./13927./=10911385/4./=17217\./ ,312/748,1,121,1/ , 'R ; £105/64.9/31091! : 19756./=19:4.D.3, 7112.! - 2=9/!

1927./=1-12/3!./'\CH!3:26,F+8,109J)9—-./=13,64.9/3!7,361.5,148,3,!/,-105/64.9/3!./'D91, 7,42 JF!
!

6.1.2 Rail wagon loading in Three Dimensions

+8,10.1341277.4.9/149148 1 (:4.D.324.9/! ,10.6,1091148.317,J.0, 1251, I HABG 111 3148 , 1 Q2=9/INCHP!05/64.9/F!
18L79/42./,13U824121, M91S , 17,3: 2468, 71019D12!;6L) 97, 1D2Z!S, 13426>2S1,F1+8.31D , 2/34824! ;8L 9/42./ , 13!
695J7!S,1J927,719/491210124S, 711911, /6193, 7111231 —2=9/1./ICH!3: 26 ,F1+8 , 1Q2=9/NCHPI05/64.9/!R ; 4! — 23!
.D:1,D,/4,7./1213.D.J211312), 149148 , 1Q2=9/NAHPI05/64.9/1R ; §491, /351, 148241532= 190148, 1 ( :4.D.324.9/!
[,10.6,1.3169/3.34, /41091153, 1371+8 , 1Q2=9/INCHPI05/64.9/! R 5 41266, - 43121.34190112.31 - 2=9/319!S , 1927 , 7!
2/7121).301901 ;6L ™ 9/42./ ,131491S,,17,3: 2468, 71231./ :5411+8, 1./ :54le [ () 1091D241.3148, 132D, 1234824190148,
AHI0,13.9/1S541— 4818, 1277.4.9/190148,148.17!7.D, /3.9/1N8 , .=84P10911SO48112.J1—2=9/312/71 ; 41 = 9/42./ , 13F!
+8,1481,,17.D,/3.9/2)1 ;4L"9/42./,13121,19:4.D.3, 71261933148, 1 ./ 5411.341 90! 12.3 —2=9/3F) ( :4.D.324.9/!
69/3.7,1315948148,13:24.2J11, 341.64.9/3190148,, 112,01 —2=9/12/7148,, | D2].D5D! —, .=84!1, 341.64.9/190148,, 112.J!
—2=0/H§018,1,121,15/233.=/, 71 ;4L ™ 9/42./,131204, 1148 , 1./ - 5411201 —2=9/313: 26, 182318, , /169/35D, 7119/ , !
9UID9L, Y/, —112.01-2=9/31— 48U8,132D,17.D, /3.9/31238,, 1./ : 54112.)1—-2=9/3121, 161,24, 712/ 748, 1, D2./ ./ =!
S8 9/42.7,13121,1233.=/ , 7H!

|

+8,19:4.D.324.9/1 901 48,! ;6.7 9/42./,13! ./I CH!3:26,! .31 .D:J,D, /4,7 53./=1 2! ;2489/! :26>2=,162),7!
-ZC7S:%11+8.31:26>2=, 1.317.341.554, 712319 , /139516, 13904 21, 12/71.4.D:J, D, /1319:4.D.324.9/1./ICH!3: 26,
$23,719/148,14,68/.15,3!7,361.5,7!./148,11,3,2168! : 21 , 1 r (:4.D.K./=1+81, ,LH.D, /3.9/2)1 T./! ; 26>./=!
18195=81[.D5J24.9/5%1SZ!*1.6>IH5S, h!<, 9/1X2/20248ZINA? 24P ; ZC7S 11, D 1197318, 51.34.6!S./1 : 26>./=!
21=91.48D3U9!:,1091D!8,19:4.D.324.9/19048, 11927./=12112/=, D, /HF1+8.31: 26>2=,1—-231./4, =124, 7). /1918 ,
Q2=9/NCHPI05/64.9/1R ;81 2489/1.D =, D, /124.9/12/718 1./ - 5lle [ () 112.01-2=9/1.3012/71 ;81 = 9/42./ , 13!
1.30121,1272::4, 7149148131 , 6.0.624.9/19048,,1: ZC7S: 1. /41026, F1l

+8,1Q2=9/INCHPI05/64.9/!R ;81 119756, 312/19:4.D.3, 711927./=1 : 12/1./121e [ () 091D 24!3.D .12114914824190!
Q2=9/NAHPII2=2./I1 - 48148 1277, 7148.1717.D, /3.9/1N8, .=8IP10911S948112.31 —2=9/312/7 ;81 " 9/42./ , 1 R!

32D:1,190148,1./:5412/71954: 54le [ (D 1091D2431091148.3IR ; §!21,1389—/1S,J9—1./1Y =51, I%CF!
!

1 Input: 1 Output:
2 | . 2 {
“name": "Loading Plan", - 3 "loadingPlan": "Loading Plan",
“result": [
{ {

"capacity": [
1000,
2.43,
2.43,
"weight": 1000 ) 12.19
} 11 1,
1, 1 “containers": [
“containers": [
"id": “f8777772-d15a-467a-9a3a-cd372b5e29d2",
": "f8777772-d15a-467a-9a3a-cd372b5e29d2", 5 "width": 0.26,
16 "height": 0.6,
"length":
“type": "

"origin":
"destination": "London",
“trans_time": "“2020-01-29 07:06:54.950140"

p }
Figure 13 - Wagon (3D) JSON input and output

4 Py3dbp
5 Optimizing Three-Dimensional Bin Packing through Simulation
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6.1.3 Train loading

Shunting Yard

Destination 1

WA WS g

Destination 2
Departure

Arrival

Destination 3 P —

Destination 4

Destination 5

Figure 14 - Wagon (3D) JSON input and output

+8,13,69/71277.4.9/149148,1(:4.D.324.9/'[ ,10.6,1.348, 14+12./1927./=105/64.9/'R ; &!+8.3105/64.9/169/3.343!
9014-91/,-IR;&31N+12.7/12/7'[68,75],IN3, ,1Y.=51, 1%API12/7!2.D3!491233.34!53, 13! - .48112.J1385/4./=1 Z217!
9:,124.9/31./1;8L)97,3F1 ;8L 7 9/42./,131491S,17,3:2468, 7' D2Z!S, 1927, 7149112 J1—2=9/3123! - 214190148, 112.J!
385/4./=172171-196,33FR3!1389—/1./1% 1 [85/4./=1Z2173169/3.3419013,0,12]! - 212J),3112.01./ , 31. /121221714824
21,153,714913914148,1./69D./=1412./312/7'-2=9/3109110927./=12/71091 - 217 ./=149148,, .115]4.D 24,17 , 34./24.9/F!
+8,1:196,3319013914./=1./69D./=1412./3124148,1385/4./=17217!.3!71.0, /15Z!48,1211.02]!1368,, 75], 1091148, ! ; &L
)97,M+8,1 (:4.D.324.9/![,10.6,! :190.7,3!121 [68,75),!=,/,12491105/64.9/! R ; &1 +8.3! R ; &! , D :J9Z3!48,!
d++;1U*+! D,4897! 2/7! :19756,3! 2! 12/79DJzZ! =,/ ,124, 7' 412./! 211.02)! 368, 75],! —.48! 48,1 09J19—./=!
6821264,1.34.63E!

|

H2.J21211.02]' 2 ,1.97INA1813P!

[,=D,/4,7!SZ218951!-.4812!D2].D5D!901#1412./1211.0213!./1%!8951!
+12./31820,12!12/79DJz!1233.=/,7!/5DS, 190! -2=9/3IND2] . D5 D!%bP!
Q2=9/'7,34./24.9/3121,112/79DJZ!233.=/,7'019D!21).34190!*\16.4., 3!

+8,1=,/,124,71368,75],!.31954:541./121e [ (D 1091D24123121].341901412. /3! — .48123396.24, 71 —2=9/312/ 713914, 7!
Sz1211.02)4.D,1./1236,/7./=1917,1F1+8,![ 68, 75),'R ; &.3!:190.7,712312169/0,/.,/6,10,2451, 109114, 34. /=148, !
+12./1927./='R; &

+8,1+12./13927./=105/64.9/'R ; 41266, :43148,1211.02]1368, 75],'e [ (D 123! ./ : 5412]9/=! - .48148,!/5DS, 11 90!
202.J25),1385/4./=11.7 ,31+8,!R ;& -19756,312!12.J1 —2=9/12/7'385/4./=11./ ,12119624.9/1425],! ./ 2le [ D!
091D24F1+8.31954- 5413893148, 153, 1189 14912119624, 112.J1 —2=9/3149148 , 1385/4./=1)./ , 3123148, Z!211.0,,F!
Q.,!S,1.,0,1277./=148.3105/64.9/2].42149148,! (:4.D.324.9/'[,10.6,!69D:],D, /43148,112.01 -2=9/11927 ./=!
05/64.97311 Q2=9/'NAHP! 2/7! Q2=9/INCHPIN SZ! =,/ ,124./=13927 ./=! -J2/3!091148,! , /7L4OL, /7!12.]1J927 ./ =!
:196,331.7148,!54) 97 ,H

| |

© ICONET, 2020 Page| 32




D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

Ji2 N17-: (" 7/*110/791%79-(1$-( /20!

|

\/7,1148,1-2127.=D!90!; &6, 7412).K, 7!264.0.4.,319012135: - J71682./'/ ,4—91>1D27!S, 69D, 12549/9D953!S54!
—.J169/4./5,1699: ,124./=1— 48!, 268948, 114911, 268!2!=)9S2)!19:4.D .K24.9/1=92JF1+8,1369 :,19019:4.D.324.9/!
3,10.6,1.314919:4.D K, 148,19:,124.9/3! - .48.7/148,! ; 4LA5SF 6/148,! :1,0.953!3,64.9/3I' — ,18.=8]).=84, 789!
9:4.D.K24.9/'3,10.6,!-91>3\12/7!./'48.3!3,64.9/W'— ,1:190.7,17,42.J319/'89-148, 11, 35J43190148 , 19 :4.D .K24.9/!
3,10.6,121,169/35D,7!S2!948,1!13,10.6,191!0.6,10,132F1Q, 1389148, 1./4,1264.9/3!S ,4—, , /19:4.D.K24.9/12/7!
948,1!3,10.6,3!.71Y.=51, 1%bF!

|

Networking Routing Optimization Shipment

GET) locations
( ) ’

points to 'depot’ locatioﬁ

calcualte distance matm[q

(GET) time windows ’

S 1 A RN S S
consig costs) 11 MIIVIIIWHHW i
: initial routes ‘—_
e [{{FLBARREREY \B
(GET) demands ¢
alculate time matrix (travel time b/w Iocﬁ E
sy | (GFT\ vahjjces + capacttiae.. .
me_’ (GET) vehicle load ti
(POST) sequence of nodes per vehicle >
{POST) route loads '
5T) total distance r m (PO!
(POST) ETA |
!"“’”‘J“m“|||uu®bt'iﬁ?iilélt'i6ﬁ’““l I S‘h*ib'nl"ﬁ'é“rjft*“r | Networklngml m“@ﬁtm@“ (ITTES

|
Figure 15 - Interaction between optimization and other services
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Ji; NL7--("7/*1'O/19!D, 7/ &/P"7/*11" 16!Q*%7/1 :!

[
(/,13412.=841091-217169/35D,1190148,19:4.D.324.9/13,10.6,¢3!1,35043!.3148,11954./=13,10.6,F'R3!7,361.S, 7!
/17,).0,12S], 3INHAFI! h! HAFbPI48,11954./=13,10.6,!7,4,1D./,3!48,19:4.D2]1 1954,1 019D! 2! 39516, ! 49! 2!
7,34./24.9/148195=8139D,./4,1D,7.212185S3V954./=13,10.6,.31091D5J24, 7+120,J)./=[ 2],3D2/!; 19SJ, D!
N+ ;P1—.48169/3412./43!1=5.7 , 71SZI< <3 (/,190148, 169/3412. /4314824148 ,11954./=13,10.6,169/3.7 ,131.3148, 16934!
901:196,33./=!1;6L79/42./,13124148,1./4,1D, 7.21Z!185SF1Y91148,, I<<C12/71<<1148,16934190! : 196, 33./=124148 !
;8Ld5S1.31L, 21,3, /4,71231202.J2S.).42190! - 19756413496>12/ 7148, 1 - 2)),4134912=, 11,3 ,64.0, JZF!!

[
You,12D:),0./148,1/,4—91>1389—/1./1Y =51, 1%#148 1,121, 1)./>169343123! — , J]123148,1-196, 33./=1693431091!
,268! ;4.855IN389—/1./1=1, ,/PF1)9-1.011954./=13,10.6,!.311,75.1, 7S ,4—, , /1/97 ,3IR!12/ 7' 1" -8,/10./7./=!
18,1-2481148,14942])169341.3162)65J24, 7123t cost = link_cost + processing_costi'-8,1,!1:196,33./=16934!
3169D./=1019D19:4.D.K24.9/'3,10.6,F1&/148 , 1<<Ci148.316934!1, - 1,3, /43148, 1-1,7.64,713496>! - , 113491 ,FI'T23, 7!
9/148.31:1,7.64,7!3496>11954./=13,10.6,7,6.7,3!9/1917,1105)0.JD , /4134124 ,=7!1S7!1954./=148,10,8.6J, 49! - .6>!
5:1.4,D31019D!3491, 3!-8.68!820, 148,1202.J25J,13496>169/3.7,1./=148,17,).0,121724,190148 1917 , 1F!!

[

Figure 16 - Example network
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7 Conclusion
|

RO4,11D9/4831901./4,/3,1-91>12/716931259124.9/1 — 481>, 719+ , 1249131./148 ,1)9=.34.63!682./I! — ,169/6157, 7!
1824148, ;823.62J1 &/4,1/ ,41 695171 71.0,1 3.=/.0.62/4! =19S2! 682/=,! ./148,17,1.0,1Z! 90! =9973F! &4! .3! 2139
,/0.32=,714821411,3,2168! —.J)169/4./5,1./19189—14919:4.D K, 148,3,13,10.6, 31 2)9/=1217,6, /112).K , 7! 3426>I!
3568123148,17.=.42)1 /4,17 4! — ,1820,1233913, ,/1,0.7,/6,148201D97,1/1D268./, 11,21/ ./=14,68/ .15, 3162/!
69/3.7,12512!8,J:149—2173148.37.1, 64.9/F!

|

Q,1820,1389— /14824148, I<[+M!/,4—91>1823148,1:9— , 114911, 7.641S, 4, 1105451, |, 09354.9/19013196>311248 , 1!
182/148,161233.6!,69/9D,41.63!D97, Flé41.31213916], 2114824148, 109J5D , 190172421219 — , 71091148 , 161, 24.9/190!
2665124, 17, :19Z2SJ,1D97,3310911091, 6234./=11231— , 12318, 51.34.6!2)=91.48D3I162/1S, 12!13.D 1 J, 1Z, !
,]41,D,IZ1,00.6., /4139154.9/14912/1.11, 756.51,1.335, 190169D : 5424.9/1091112.)19: , 124.9/3F11

|

+8,161,24.9/190148.3169DD5/.4219019: , 124913114893, !./148, 119=.34.6310. ,J712/714893, 13>, 1S T M!. /1390421, !
=4, ,1./=11.3197,190u8, 1>, 71,1, D, /4348241 - J]12)19 1531491 : 19756, ID91, 12702/6, 7139J54.9/3!. /105451 , P!
+8,11,0,J190126651267!389— /1SZ1951!< [+M!D97,J12/71.43! - ,13.34, /4135 ,1.91.471./11, 31 , 6419048, 1342/ 72171
,60/9D,41.612::19268! /9419/17!1, :1,3, /4189 , 1001148, 105451, 1 541 2J39!69/4./5 1491389148 ,1 ./61,7.51,!
-9—,11901D268./,13,21/./=139154.9/31 Q.48148,1./61,23, 7!, 0091417, DO/34124, 71SZIETM!./1 4316951/ , 2! /!
6195713,10.6,31231—, 1112348, 11,0, J1901>/9—1, 7=, 12675.1, 71751./=148.31: 196, 64l — , 1— JJ12S, 14917, - J9Z!DIL,,!
2665124, 139154.9/3f11<,0,12=./=8 ,1:9—, 11901, 7=, 169D : 54./=1695J710, 23.5JZ!1, 35)41./1./61,23, 713z, , 712/7!
213911,2J14.D,19:4.D.324.9/19019: , 124.9/3¢!

|

Q,!820,17,D9/34124, 7189 —1951139154.9/3!: 1,3, /4, 7!./48.317,1.0,125), 162/1S1./=102J5 , 11948 , 1<.0./=1<2S3!
J18,18™ (O *+1:196, 64F16/148 1623, 190! <<Ul19511 : 214/, 1! ; ORINS, ID5M.L7.D, /3.9/2)18, 51.34.6!2)=91.48D!
:1,3,/4,712/7).D:3,D, /4,71 .31 213.D 1,1 2/7" ,00.6., /41 39354.9/F1 §0! 900, 13! 2/! ./61,23,! ./! /5DS, 1! 90!
112/3:9143! 2, 1172712/712/1./61,23,1./148,12D95/419015/ 4313927 , 7! - , 11412./F1+8.31.31217.1,64169/3,75, /6,
90148, 10500154.0.K24.9/190148 , 1 —2=9/31. /148 , 112,31/ , 4= 9118012131 : 933.51, 169/42./ , 13121, 11927 , 719/121412./123]
417, :2143148.31D, 2/2148, 1, 1- J1S, 1D, 1319431202.2S1, 10911948, 11D90, D, /431139D , 48./=14824148,, 112/ 79D!
23396.24.9/!:,1001D, 7!/9—27223!.31/94179./=175 , 4918 , 1S26>)9=190169/42./ , 13149!S , D0, 7F!

|

8/1<.0./=1<2S! 1119511 : 214/, 1! [96>599>./=182313, , /148, 102J5, 190148, . 1172423, 41./148,,12: 1 ).624.9/19013, J0L

91=2/ K, 7!D2: 32/ 7\<[+M\/ ,512]l/ ,4—91>E123195112/2173.317 , D9/34124, 3189~ 121S , 44, 11532=, 190!— 21, 8953,
0J991162/!S,12168.0, 7152163534, 1./=148,,1:1975643!D91, !, 00, 64.0, JZFRI3ON —, 1820, 13, , /148241213.=/190!48 ,
53,131917,11019—1695J7!S, 13, ,/1./11,6917,, 7172421901264.0.4. , 31901 —21,8953, 31!1Y./201Zl! — , 1820, 13, , /189!
2665124,1103,1.5J,12/7!,23.32! 7, 2392251, 12/1 <[+M! D97 ,3162/!S,F1 <<C! [9/2, Il —95J7!S, /,0.41019D!48,,!
532=,19012/12665124, 1:1,7.64.0, D97, 11— 8.6816957!: 94, /4.231Z1), 27101217 , 6, /412J.K24.9/19048,, 19, 124.9/3!
901917, 1105J0.JD, /41+8,1./4,=124.9/1 - 4818, 11954./=13,10.6,, 12391S1./=312!S,, 44, 1154.J.K24.9/190148 , IM90, 13!
53,7!-.48./148,1<.0./=1<2SF!
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9 Annex |- Pseudocode

© ICONET, 2020

if (binWidth is smaller than binHeight
and binDepth) then
{
packByWidth=true
packByHeight=false;
}
else if (binDepth 1is smaller than
binHeight and binWidth) then
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packByWidth=false
packByHeight=false //both false
implies pack by depth

}

else if (binHeight 1is smaller than

binWidth and binDepth) then

{
packByWidth=false
packByHeight=true

}

notPacked=Items

“do
{
toPack=notPacked
notPacked={} //clear notPacked

Create a new bin called currentBin
and check whether the item toPack[0]
is able to fit in this bin at
position (x,y,z)=(0,0,0).

if toPack[0] does not fit then
rotate it (over the six rotation
types) wuntil it fits and pack it
into this bin at postion (0,0,0).
bfor i=1 to (size of toPack-1l) do

{

currentItem=toPack([i]

fitted=false

°for p=0 to 2 do
{
k=0
while (k < number of items in
currentBin) and (not fitted)
{
binItem=k*"" item in currentBin
if (packByWidth) then
pivot=p
else if (packByHeight) then
switch (p)
{

d

compute pivot p for height
}
else //pack by depth
switch (p)
{
compute pivot p for depth
}

switch (pivot)
{

case 0 : Choose (pivotX, pivovy,
pivotZ ) as the back lower
right corner of binItem

© ICONET, 2020
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left corner of binItem
break
case 2 : Choose (pivotX, pivovy,
pivotZ ) as the back Upper
left corner of binItem
break

if (currentItem can be packed
in currentBin at
position (pivotX, pivotY
,pivotZ ) ) then
{
Pack currentItem into
currentBin at position
(pivotX, pivotY ,pivotZ).
fitted=true
}
else
{ // try rotating item
do
Rotate currenlItem
while (currentItem cannot be
packed in currentBin at

position(pivotX, pivotY) )

and (not all
rotations for currentItem
checked)

if (currentItem can be packed
in currentBin at
position(pivotX, pivotY ,
pivotZ) ) then
{
Pack currentItem into
currentBin at position
(pivotX, pivotY ,pivotZ).
fitted=true

}else
Restore currentItem to
its original rotation type

if (not fitted) then
Add currentItem to the 1list
notPacked

© ICONET, 2020
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10 Annex Il - Overview of LSTM (long short-term memory)

!

8/18.312// - 13, ,>1912.7148,15/7 ,1342/7./=19018,, |D268./ , 11, 21/ ./=ID97 153, 7!./148.3!7,1.0, 125, II
S$213,0,12=./=12/1,16,3,/4./091D24.0,1S19=1SZ! = 81.319: 8, 1! (J281091!< [+ MF!

|

<9/=1389144,1D!D, D91ZIN< [+MP!/ ,4—91>3121,12132,6.2]!>./7!190!1,6511, 741/ ,512]/ ,4—91>3IN\V) ) 3PF!!
V,6511,/41/,512)1/,4-91>312771,33148,1.335,190!D2>./=!:1,7.64.9/1266917./=14912!3,75, /6,190!./ - 54311248, 1!
182/19/121S2199>./=1241213./=),19/ ,F'+8, 2121,/ ,4—91>3!—.481J99: 3. /148, DI12)J9—./=./091D24.9/49! - , 13.34!

LA
1

v

!
Figure 1- Neural Network Chunk

!

!

§/1Y.=51, 1%l121685/>190121/ ,512]1/ ,4— 91> AINO9>3124139D, 1./ - Sdlx, 2/7'954:543124102]5, 14 FIR1I99:12)19 3!
/091D24.9/1491S,1:233,71019D!19/, 134, 2190148, 1/, 4—91>149148, 1/, J4F1+8,3,1199:3!D2>, 11,6511, 741/, 512]!
/,4-91>313, ,D5.4,169D 1, Jd9—, 0, 1115:9/105148, 112/ 273 31141451 /31954482448, Z121,1/9410, 1217.00, 1, /4!
019D12/1917./21210, , 70912171/ ,512)1/ ,4—91>FIR!1, 6511, 741/ , 51211/ ,4—91>162/1S , 4895=84190123/ ] D5M. !
69:.,3190148,132D, 1/ ,4—91>I!, 2681 :233./=121D , 332=, 1491213566, 3391F! = 9/3.7,,11—824182: =, /31./1Y =51, IA!
—8,/121399:1.315/19)3, 7E!

= S S A SR

A
f ! ! !

Xo X4 Xo Xt

—> Y

e

Figure 2 - Neural Network Loop

|

<9/=![8914+,1D!M,D917!/,4-91>3121,162:2S),1901,21/./=109/=14,1D'7, - ,/7,/6.,312/7'21,!,] - ).6.41Z!
7,3.=/,7491209.748,19/=14,1D'7, - ,/7,/6Z!:19S],DFV, D, DS, 1./=1./091D24.9/1091J9/=!- ,1.9731904.D, !
31./8,1, 7440148, .117,3.=/FRIIL, 6511, /41/,512]1/ ,4—91>31820, 148,1091D!90!2!682./190!1, - , 24./=1D975], 3!
901/,512)1/ ,4=91>F18/1342/ 72171\ ) ) 31148.311, -, 24./=1D975],!- 311820, 12!0,17!3.D =], 134156451, 13568!23!2!

3./=1,142/812Z , 1F!
!
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¥

A tanh A

|

Xt+1 Xt+1
Xt-1

Figure 3 - Tanh Layer

!
<[+M3!2]391820, 148.31682./L).>, 134156451, 11S54!48, 11, = ,24./=1D975),1823!1217.00, 1, /4134156451 ,F1&/ 34, 27190!
820./=1213./=],1/,512)\/ ,4-91>1)27 ,1i148,1,121,10951!./4,1264./=12Z , 13!

—

] A
A Fi
| [ ] E

Y

Xt+1
Xt-1 Xt
31 O — > <
Neural Network Pointwise Vector
Layer Operation Translate Concatenate Copy

Figure 4 - Detailed LSTM

|

!
&/1Y.=51,111,2681].7,16211.,312/1,/4.1,10,649111019D148 19545419019/ ,1 /97, 149148, 1./ - 5431901948 , 13F1 +8,, !
1./>16.16J,3!1,:1,3,/41 -9./4—-3,19:,124.9/311).>,10,6491! 277.4.9/\! -8.J,148,!Z,J19-159] ,3! 21,1J,21/,7
/,512)l/ ,4-91>27,13f1<./,3ID, 1=./=17,/94,169/624,/24.9/\\-8.1,121)./ ,1091>./=17 , /94,31.43169/4, /4S, ./=!
69:.,712/748,169:.,31=9./=14917.00, 1, /419624.9/ 3!

|

|
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11 Annex lll - Overview of SOM (Self Organising Maps)

[

[,0L(1=2/.3.7=1Y 2451, \M2: 391 [ (M3 :190.7,121-2719011, = 1,3, /4./=1D5).7.D, /3.9/2117242! ./\D568!
19—,117.D,/3.9/2113: 26, 311535211219/ ,19114—917.D, /3.9/311+8,1 : 196, 3319011, 756./=148,17.D, /3.9/2].4Z!
90'0,649131.31,33,/4.20021 21 7242169D:1,33.9/14,68/ .15, >/9— /' 23\vector quantisationF!&/!277.4.9/1148,!
X989/,/14,68/.15,1 61,24,31 21 /,4—91>1 48241 3491, 3! ./091D24.9/1./1 3568! 2! —27! 18241 2/7! 49:9J9=.62]!
1,124.9/38.231— 48./18 ,1412././=13,4121,1D2./42./ , TF!

[

R!69DDY/!,]2D:J,!153,714918,J:14,26848,!:1./6.:213!S,8./7 [ (IM31.3148,!D2: - ./=190169)95131019D 48, .1!
481,,L7.D,/3.9/2)169D:9/, /83111, 7W=1, ,/12/7!S)5,11./4914-917.D, /3.9/3F Y .=51, I%?F! S, 191389 -312/!
, 12D 1), 190121 [ (M12./,714911,69=/ K, 148,!,.=8417.00,1,/4169)95131389—-/19/148,11.=84+8,169]9513!820, !
S,,/':1,3,/4,7149148,1/,4-91>1231CH!0, 64913!L.19/,!7.D, /3.9/1091!,268!90!48,169J951169D - 9/, /43IL12/ 7!
48,1/,4—-91>18231],21/449!1, : 1,3, /4148, D!./148,|AH!3:26,1795162/13, ,FI) 94.6, 148241. /1277 .4.9/14916]534, 1./=!
48,169J9513!.74917.34.76411,=.9/3I11,=.9/319013.D.J21! : 19 , 14., 3121, 15352121095/ 7127626, /449! , 2681948, 1F!!

Figure 1- Screenshot of the demo program (left) and the colours it has classified (right)

(/,190148,1D934! ./4,1,34./=123-,6431 90! [ (IM3!.314824148,7!],21/149! 6J233.0Z! 7242'without supervision.!
+12././=2'[ (MI'89—,0,1iM1,15.1,31/91421=,410, 6491FIR! [ (M1, 21/314916J233.02148 ,1412./ ./ =7242! — .48954!
2/2!,14,1/2)135:,10.3.9/!1-82439,0, 1F!!!

!

11.1.1.1 Network Architecture

Y91148,1:51:93,3190148.3!7,J.0,12S), 148, 17.36533.9/16, /41,319/1214-9L7.D, /3.9/2) [ (MF!+8,1/,4-91>1 3!
61,24,7'019D12!1AH1244.6,190u/97, 31!, 268!90!—8.68!.3105)2!69/ 7,64, 714948, 1./ - 541327 , 1F!+8,10.=51, IS, J9-!
389-31210,1Z!13D2))1 X989/, /! / ,4=91>1901 11 B! 11/97,3169//,64,7!49148,1./:541)2Z,,1IN389 /! ./' =1, , /P!
1,:1,3,/4./=1244-917.D, /3.9/2)!0,6491F!

© ICONET, 2020 Page | 42




D2.14. Intelligent Optimization of PI-Containers and PI-Means in PI-Nodes (Final)

Figure 2 - A simple Kohonen network

*268!1/97,18231213:,6.0.6149:9]9=.62)!-93.4.9/N2/1 ] 2169917 ./24,1./148 ,1J244.6 P12/ 7169/42./312!0, 64911 90!
—,.=843190148,132D,!7.D,/3.9/123148,!./:5410,64913F! +824! 31491 327\ .01 48, 1412././=! 72421 69/3.343! 90!
0,64913111190!n!7.D, /3.9/ 3!
!

TSR,
!

.+8,/! ,2681/97,1-.0]169/42./1216911,3:9/7./=!1—, .=8410,6491!1QI90!/17.D, /3.9/3E!
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Figure 3 - Each cell represents a node in the lattice (size 40 x 40)

11.1.1.2 Learning Algorithm Overview

RIL(M!79,31/941/, ,7121421=,41954:54491S, 13- ,6.0.,7!5/].>,1D2/7!1948 1147 - , 31901/ ,4—91>F14/ 34,271 -8,1,!
48,1/97,!—,.=8431D2468!48,!./ - 5410, 6491114824121, 2190148, 1J244.6,1.313,1,64.0,J2!9:4.D K, 7149!D91, 16193, JZ!
1,3,DS],148,172421091148 ,16J2331482448, 1./ - 5410,64911.312ID , DS, 1190FIY19D12/1./.4.2)17 .341.554.9/190112/ 79 D!
—,.=843I12/7190,1!D2/7! .4,124.9/31M8,' [ (M!, 0, /4521213, 443, 3. /49121 D2 :1901342SJ, K9/ , 3F1*268!K9/ , 1.3
,00,64.0,21210,2451,16J233.0., 111391 295162/148./>190148 ,1=12:8.62]1954 - 5412312147 - ,19010, 2451, 1D2:190148, !
/25413:26,F1601295142>,12/948,11099>124148 ,1412./, 7! / ,4—91>1389—/1./1Y =51, %A 2590, 1148 , 1 SJ96>3! 90!
3.D.J21169J95111, :1,3,/4148,1./7.0.752)IK9/ , 3R/ Z!/ , —11-1,0.953)215/3, ,/!./ -5410,64913!:1,3, /4, 7149148, !

/,4-91>1-J)134.D5)24,1/97,3!./148,'K9/,! - .48!13.D .J21! -, .=8410, 64913F!
!

© ICONET, 2020 Page | 44




