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Numerical and Experimental
Analysis of the Effect of Air Heating in
Pipes of Variable Cross-Section on the
Velocity and Temperature Field at Low

Flow Speeds

'Dr. Ayoub Hasan

**Dr Mohamed Ali

*** Dr Heithem Issa
**** Mal Nuhad Saaeed

Abstract

In this research, the effect of heating the air in the variable-
section pipes on the velocity field and temperature distribution was
studied analytically and experimentally, the flow was analytically
studied by using CFD and the ANSYS FLUENT2021R1 program
was used to conduct numerical modeling and simulation of the air
flow within the variable-section pipe, and the analytical results
were verified by comparing the analytical results with the
experimental results for temperature and speed in the cases of air
heating and non-heating by building an experimental model and
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Mechanical & Electrical Engineering, Tishreen University, Lattakia, Syria.

** Assistant Professor in Department of Mechanical Power Engineering, Faculty
of Mechanical & Electrical Engineering, Tishreen University, Lattakia, Syria.
***Assistant Professor in Department of Marine Engineering, Faculty of
Mechanical & Electrical Engineering, Tishreen University, Lattakia, Syria.

**** Doctorate student in Department of Mechanical Power Engineering, Faculty
of Mechanical & Electrical Engineering, Tishreen University, Lattakia, Syria.
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conducting various experiments for obtaining the highest speed at
the exit section.

The results showed the effect of heating on the velocity at the
exit section of the pipe, as the velocity increases 15% by raising the
air temperature by 45°C, It was also shown by comparing the
analytical values of the temperature at different points in the
temperature field in the numerical simulation model of the
converging tube and the experimental values of the temperature
readings for the thermocouples through the PLC platform, that the
analytical values and the experimental values were identical, as it
was the highest percentage of error to 2.78%, and by comparing the
experimental and numerical results of the air velocity at the tube
exit in the cases of heating and non-heating, the relative error for
the two cases was approximately 12.5% at the heating and 12.13%
without heating, Therefore, the numerical simulation model of the
real facility is correct.

Key Words: Pipe of Variable Cross-Section, CFD, Temperature Field,
Air Velocity, Heating.
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Abstract

Security represents a critical challenge for 10T components, as they are
highly vulnerable to attacks due to their limited nature. Therefore, it is
necessary to detect attacks and raise an alarm if any threat or attempted
exploitation is noticed. This work delves into the study and review of
recent developments in Internet of Things attack detection systems where
This study presented a survey of many detection systems based on
machine, deep, and ensemble learning techniques, Highlighting the data
used and attack types and providing an extensive study of the most
dangerous attacks in 10T networks to identify and explain features that
improve security systems in order to finally evaluate these systems at the
network flow level and at the packet level . the detection models based
on the specific features, which numbered 12 features at the flow level and
14 features at the packet level, achieved results as follows: Models based
on group learning reached the best accuracy. It reached 99.97% and a
low FP ratio of 0.00018 at the flow level, while at the packet level it
achieved an accuracy of 100% and a FP ratio of zero. The selected
features achieved high speed, accuracy, and low FP ratio within a small
training time . The challenges faced by the Internet of Things in
deploying detection systems based on learning techniques are also
pointed out and potential areas for future research are suggested. This
survey will guide researchers and those interested in the security field
with information that enables them to build lightweight detection models
suitable for deployment in 10T devices.

Keywords: 10T , Attacks Detection, Learning Techniques , Netflow-
Level , Packet-Level
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dAid ) ity § ool (8 mase o LS saaae Al e cade) Al ailual)
Glangll 03] didad eha) o 13 Y A Ay IS (8 Lee sl bl 2ae (g cglis
onlae 3ty Be IS Baal gLl Aapal) (griee oy A0E G (griue o
sl cgl) o cleagd) -8

Lt ) 48 e langl) e il Al 3 4000 LLudy)

COAP s MQTT slud¥) i) e gSgigm Jiiead il cilangd) dsgana —1.8
Caaall Jaliil) Dlirias) e aalgall Lgy adiny ) Clangl) (e degena b Lod

. COAP s MQTT Lyl cuiyis) cVsSgisp b bagasall

(MQTT Flood ) MQTT «liliasd asaa-1.1.8

Gy of Say gdine Jara MQTT Jiley i o [32] ady eyl G
Uganll Cililiag agan —1: Gloadl) agan ¢l G b Lad Aeadl) ) asan
JsSsi5y b pyhsiall 53] duagll she asmel) 138 Jiiuy : (Last will) 5,8y
bl ash um ol Bl (mje e il S A aasy MQTT
Tan gl (1o psmgd) 138 8 [33] Sie (S 4y Jua¥) adady Jagusslly JuaiVly
Ak ggiwe o Jlady) dlay (mgtt.willmsg_len) duagl Al Jsh 48)5
¥ : (Publish flood) &l ajs Clilad asna —2. (mgtt-conflags) glaill
[29] <l 10000 leana Hslaty Al il aia ae Jalaill MQTT padie okl
Al gguse o ajall Jsb 8 Ghsil) A8l agall (o psaed) e gl b1 4
O dedd Basa 5D JlalV) Jily . (mgtt-len && tep-len) Jie Jailly (ki
simae st Aha Ol Cunll 13¢) [34] 508 Al i s 8 2 (gsiudl)
» Slaagdl e pall 18 CadS 8 dala s (MQtt-header-flags) deaal) sasa
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aaleall Jglalds a0l Glaill (e (33Y) aall aadiy asagll . TCP Jall
558 sl Yot MQTT pade ol aslall Aalia) VL) paen o skl
dgs B T Adlsde daf o Keep-Alive iUl def doas Gk (e
M) sV el 23S il 138 Al A (e gl s L [27] JlasV]
- Opre Olsie ol aales e CadSH 430 DOS dasa 00 MQTT dasws
MQTT sy Jubaail daauaall o jal) dana -3.1.8

G e MQTT duws go Jbail ehals paleall asis [35] dued) sl b
Ly ) Jlail il Jla)) e Y Publish il Jiley Jlol sawms Jai)
by gl Job 8 Akla ed iy Ayl o5all o3 oS5 MQTT
& el Blail e (A1) aall aladiuly (DOS) deadll (mdy Ala ) Jseasl
o dhnls daend) ey & Jawsll ) @lldl (il Juandl Jusyd malformed asas
S @5 lae Jieall (e i) Aada ol 6 Gl aag ¢ Japall s
Y AN dala) (matt-type) bl g5 Al cag . [36] dassll ly) Eigan
matt-len && ) MQTT 4uja Jshg goagall Job & il bl e
Jusb palead) asiy Laxie (con-ack) Juaiy) ast dlla 4l (topic-len

cAdamaa je il

COAP ¢ Ll cuijil) JsSsign ajx 4xngl bals) asan —4.1.8

132 3. aladly Juandl G aalead) aalsl 451K @llin MQTT JsSsign 4 WS
ellls 438 e Sl dhadu) Gyl oo Ageall By aaleall asiy asael)
Alee Jian[29]  leiind) sieal Slad desld 48 Hasiuly COAP ala )
oo Aa)lay Al 88 Ally bl dad 8 ol dllud)l ey Cals))

o7



¢ Sima Ao Basaall & jaall g alail) iyl o Sadinall slud) i ) clash CiAS dadi] apds
LJAJU éﬂﬂ\

(Ransomware) 448! gl cilaga —2.8

Gob  oe SMB JSsisn b oY) bl Ladll may Glaaa Jaig
LI SMB JsS 535 5 LSy o Uadl D (e 2y 3 EternalBlue Paiuy!
gl sl ) L [37] plail e gylandl e (Sailly dmasall alg¥) 35S i
s SMB JsSsig5 Jiluy (3055 An it ol Lgidandle oy Al dgpaiall 4yl
dopy B Al Cadally A0Sy Bl Jilay ddhe L [38] 8 leadss
Jyanll AGIN e ol aaleal) ashy .« [Aandall Al 45)le e dus/allle
Stllys 445 eady s SMB dead aadis Ll Ml Ala e Glosles e
Gl Aaliy spedll M) Ala ddjpead axaind 335 Jladl s gf Adle cany
- TCP JsSsig 5 e Jaxd

MITM bl b paddll cilaga 3.8

pal lai . [39] ICMP Aluy axagisale) @ Lgte (b s asagll 138 daw iy
Lys oK gl oda Jlatil pealedl (Say ICMP 4asasi sale) Jiluy ddslias
Gpstie slaad 8 oy Wil Lajall dgas Olyie 058 () tasaedl 18 (3
asna o oF Kas . [40] (30 aedll) 2ol dajall Lo cuge ) asu)
Llas Plaisly ARP JsS5isd sl opadll 3815 aasd Gpb oo MITM
& [41] & 4unsil Slens doncall Slea g8V ARP JsSsig s il b cancal
oo AlSll e sadinal) Cad€ll dadail aladiul LadS (Kay asagll 138 Cauay
src_ip_bytes && ) Aldiwally dluyall ajall Jlghal & husil) ddle Bajla
dst_bytes) gasll anay (sSrc_pkts && dst_pkts) ajadl saey (dst_ip_bytes
DNS Jiluyl 33Lall 4S,all dlyes 4S0all (385 gsiwe e (SrC_bytes &&
O G Ao Gl Jie Gl (s Al (S MITM (e @0l adslly

.(Variance-packets) alaivally dlu yall 23l
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Gld Ao o Ll a0 Guaall da 2024 ale 11 2121l 46 sl
(Scanning Attack) gewall ilead —4.8

aonedl D) Jd Shaud) asagll A4V clhill saa) @ pad) asa )
sl A Al Jlwy) e (port scan) Mliall e <@ S5 . ladl)
3l T TCP Mlie o Mlidl) (and 2l Sale Jla) e Jpanll ¢ LauY)y
3 SYN (a5 il Slel leso g5l 50 Lels paleall s Jed 053 gafh S
FINs SYNs TCP Connect Ji TCP s <lanay . [42] NULLSFIN

S5 Y Sl UDP Ml o Unyl mudd) ¢asyy 4] XMAS, ACK
ol L 6 Jsaall (e [43] Grenleall Wsgan Silasladl)

Aleadl Jlan (sime e aially llaial)y BUd) e lana e Cilogles 67 Jsaal)

Ol giue e aidl) REN RN JsSsigll
Golrall ddiall Aglatid cosall asaa
leal) C}:@d\ ?4';1;».4“
Yes RST ACK TCP TCP Connect()
Yes RST ACK TCP SYN Scan
Yes RST RST TCP SYNJACK Scan
No RST No TCP FIN Scan
No RST No TCP ACK Scan
No RST No TCP Null Scan
No RST No TCP XMAS Scan
No Port unreachable No UDP UDP Scan
No No No FTP FTP Scan

Clsatinly aaleadl agiy masell (3 (s2a) Hasinly TCP/UDP dilie Ciliis) s
058 Wle L odakl Glims) e Jsitll a8 sa Lo Jsa ajell aaail 2Ll o34
el aaa s Lihe agal) (el fan Sha Algen 5l 4e)l8 Agen 53 pall
Gy e 3l 330 e e (src_bytes && dst_bytes) Aliiually Ayl
U2 asdy - (fin && rst & sack && syn) Juaiy) ais dadlye (300 JS 3 cany
Joill oUai GLESLY Lapad sas TCP aia Jlajl LS (prealed

agall (a5 (Window-size) TCP 33l aas alae) ok e ojlaaly aadivll
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aislly .(conn-stat) 33L&l JLaty) <Ylay (Dest-Port) —aagll dalia 4.8)
LA 8 Sl ddjeal dedll benill aseie JIA) (Say asagll e (a8
-(num-conn) 4a guiall

XSS adlsall b 5l dpanl) Gagealll i clead — 5.8

Al pdie mialie (Bl ol el 20 (e agned) 138 3 aaleall (S
Time A2 B dap Jlof b Cum oLiY) Sl Ay oo Jay Ja . [44]
O GRlEl Ll e Realy o Gl ledayny Galall ) Bl
ol il a€ays COAP f MQTT aSus ) Joagll Ga 4l aaled
Wganl) oty i€l 5y . [45]5)Lall XSS Asen i auliiny ladic ¢ guinsal
0S5 A Al geall ans Llhe Sy 53 LSl CaiS Wl 3 o<1 (Payload)
b Aime Aad 53

IP siue e aiadl aas dliag (SrC_bytes & dst_bytes) asaell 13a
TCP/UDP/ICMP (4 &lil&aids DDOS <ilaas —6.8

ot Jie Jilu)l W@heY (victim) il Cilagiuly DDOS  assé ashy
ialall TCP-SYN @lliadll asaay ICMP cililag f UDP cililagd
LN e LS aaall ) ()5S il TCP JsSsis iy 400 dailadlly
Ly a2 5 [46] Ll ol 3lse Dlgind Y 53 Laa ¢ dagiball s
idle Al dga ey TCP 5 UDP Jiluys ICMP il asagl anhall Jaxdl)
Jaea 4y (tep.time_delta) TCP a)s (383 (jays Jal) dda e ajall Jlghl
-Jlgia s Jus)Y)
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— . Jaal) DDOS
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Tcp-flags/ Rate-sent ’ - crypto- ransomware
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e AL 10T-ID 5 10T-23 5 TON-IOT bl cile gane 8 Abiaially
On AR PA ey ikl Cilide; Jead) S Al ik e gk
B sia o @lldy 8 Jsaadl (8 dauasall Clipall o adinin 7 55 Galsaal)
 [311.[30] [24] (e IS a8 daiall (ssime o sanaall clpall Ay Wl L 38000
Jsaad) Gag ASA J3lall 8 Aiaaal) o LYY i) ASas (3 Aaled) ) dpaay
saiae Cline e ladie) [29] 5 [28] 35 o Ui agin <EAY! o) B 5
sasaal) Gl e adinin 7 Jsaal) ae A5l . Agle A (aiS dakily 25 Al

- 9 dsndl & daiagally Aojall sise e

dapal) gsica o Baaaal) cfjpal) 19 Jgaal) N i o Sasal) cjsal) 18 Jgial

Tcp_time_delta float -
Tcp_flags_ack int Dst_port 'T‘t
Tcp_flags_push int proto object
Tcp_flags_reset int Scr_bytes Int
Tcp_flags int Dst_bytes int
Tcp_len int Conn_state object
Mgtt.retain int Src_pkts int
Mgtt.hdrflags float Dst_pkts int
Matt.conack.flags int Src iF; bytes int
Matt. kalive int Dst_ip_bytes int
Mgtt.len int Dns atype it
Mgqtt.msgtype int = -
?\Aqtt.(?ozp int Dns_AA obj_ect
Mgtt.topic_len int Dns_RD object

RS 7 el agll Aaddinal) Guglial) —2.10
tol Al 80" dal) Ak dpdall cilildly "1 Al 330 daagl) o) ()l
'0"=Azmdall Glikally "1"=Aeagll: U jpaill (ol il apdill Cliably 110 Jsaal)

asagdl  cBlawd) dagdll M)
;‘%MPJ.“‘:D‘#“ Adhla Lagd Mo %ij@hﬁd@u dania Aoy cNMaw
True Positive False Positive False Negative True Negative
TP FP FN TN

ol Ll 8 Aaddiee Cunlie ol DAl 2 A5l bl e Taldie

: Al A8l aaty Accuracy (ACC) 4sal —1
TP+ TN

ACC = 1
¢c TP+TN+FP+FN M
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&5 38 Gail) Jie zdsaill ol e Ule g ) clyaall Lanilly Wl . dgmlall 2530)
sia P Cpslic oY ledda 0 a8 1P cpglic Jie (gAY ) Ganyy adda
2205 Gaill 8 5l A8 Canney Ly Jalis Bgesae ST 2 35al) (sS4 Lad
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A0 AaD) (385 [0:1] o el ad #sh5El Min-Max A aslly adY!

63



¢ Sima Ao Basaall & jaall g alail) iyl o Sadinall slud) i ) clash CiAS dadi] apds

LJAJU éﬂﬂ\
X — Xmin

7 =

Xmax — Xmin
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Leihylia s Wiy cads Ally Aling deaaal) CalSH) Aakl (o destia zilad apdl sl @

17 ) 0 4 Jeall A
Slaad) alaedl) o fadinal) 7 il
Al e zigal aresil (Stacking) oSl e aainy #3500 @ Naila Naz [6]
& sbacll LI A Al Gl (e Ao sens ziselll N aadiul eleal)
.LDA sRF 5NB 5SVM 5 LR s 75l cleall z35al
o) Ll el Al A e adsy :Bharathi (XGBoost) [22]

. Ensemble crossover (EC) XG boost

3 RF e 0sSes  (stacking) gwaSill e adizg ol : Ayoob Almotairi [26]
. KNN 5SVM 5sNB

Chaand) alel) o Sadinall zilad

(CNN) Ll 4 pumall 4808 pladinly z3sail) aacat 2 @ Amiya Kumar [18]
alatinly lediaiy bl clhad Gl Jadl zlany Aalal) clids a)f e ddlsal)
Agila s daalal e (4e 43841 (LSTM) s2all 3yl dlyshall 381300 23 e

Aasiu) S pxi hlde e o5& z3sall 1 2 Shoayee Dlaim Alotaibi [19]
Ly (pe s Aaliall el aany daldll cligal) 3530l Ggal € Jaxdl (DTS) Lhall el
S Lo haly she 11 ) cilbaadd) sl Jilis e Jery PCA by ziser
&b Aissac B8 140 ok 0 DNN 0585 Cun . DNN )5l caia (i)l dlyaa
Al 45 dal) 8 Asuac 408 70 5 Y1 dadal)
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il D (ya ilge Grandl alaill (o (pad #3543 lsaaa : Noor Wali Khan [23]
Aguaall AEN e Abdag Dense ik GRU bl @ild 3))Siall sasgll oay

AE (e Barie Gl jie Gleag) Caian Lgia Jllg RNN 3 <4l
il Ak aas o) Cua lide ADG e agadsa Gall: Sunoh Choi [24]
Jaay 128 e adana 23 Leie JS Dense 4ada 5 LSTM aée 2ac 5 Embedding

AY) alal e asiaall ilas
SVM 4l s DA jladl 5 4 sial) Cllad) Jie zalaill o8

Abdallah R.GAD (SVM) , Maheshi (DT) [30] , Nicolas (RF) [21]

[20]

Papil) 8 3000 gl e adinie Cinll Caan Gl
pall e Aaadey il 7 3la e clua) asen Gadai 1 oY1 35kadl) *
pill e Aasdley CalSl 7 3la e sl el etz Aglll 3ghadll *
llay s ABall Cum e Alilly I (pighaall G A3)aall AN ekl *
cydill ayg dakalald)
- Aall st e HadU AN ¢l ghall sale)

4 )lally ilial) dua (e anll) —11

) GLESY Ll dacad) Gl 73l (o 2aall 4l S audll o2

Pl e Ol e AlaY) S S e LdY) cagi) A5 b A

e (Rayally Gl (gsine) Gusiaall 53 Baanal) AS5Lal) Sl LEG 58 Le -1

- el apen 43)lie AklAN Glulad) e Gadiie dad (3125 Jay i<l Aok

Abla alplay) ey @) (apeadl) digh) Jeadyl il zisalll s L -2
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Aal BN ggiun o andlll —1.11

@) (ggima o Basaall cifipall Ao alaieWly CidSY) gz ilad anl milii-1.1.11
s Glo padill AL saaaal) Chpad) o Sl 23l a5 andl) I
e 42 Jual o (8 Usall L daimse) she 12 ladae aly il 4S0a]) (3
A1 Jsaall b bl (e 2 TON-IOT  aladiuly dakias

AN (5 gginn Lo sasnall il o CalS z3la w11 Jpaal

False .
positive F1-Score | Recall PRE ACC zasaill and
0.00025 | 0.99963 | 0.9996 | 0.9997 | 0.9996 Naila Naz [6]
0.00018 0.9991 0.9991 | 0.9993 | 0.9997 Bharathi (XGBoost) [22]
0.0013 0.9982 0.9986 0.998 0.9986 Ayoob Almotairi [26]
0.02 0.98157 | 0.9841 | 0.9790 0.982 Shoayee Dlaim Alotaibi [19]
0.0031 0.99643 0.996 | 0.9969 0.996 Amiya Kumar [18]
0.024 0.9889 0.983 0.995 0.977 Noor Wali Khan [23]
0.036 0.987 0.99 0.985 0.983 Sunoh Choi [24]
0.0168 0.89702 | 0.9316 | 0.984 0.95 Abdallah R.GAD (SVM) [20]
0.00024 0.9989 | 0.99912 | 0.9987 | 0.9989 Maheshi (DT) [30]
0.00062 | 0.99930 | 0.9992 | 0.9994 | 0.9993 Nicolas (RF) [21]
G Ao el e o alaie Yl Cidsl) gz dlad anl ilii -2.1.11

(bl
Alyy Gl sgime o dainal)l Gl mes o zilall ai sha) K L
12 Jsaal) 8 il (g i el el Baaaal) Cjuall en) Adaadlal

Al (35 (s5ie e el maen e CRISH ¢z 3lat a il 112 Jpaad)

FP F1-Score Recall PRE ACC z sl and
0.00025 | 0.9997 0.9998 | 0.99976 | 0.9997 Naila Naz [6]

0 0.9993 0.9996 | 0.9991 0.9999 Bharathi (XGBoost) [22]
0.017 0.984 0.987 0.982 0.9847 Ayoob Almotairi [26]
0.01 0.987 0.990 0.985 0.988 Shoayee Dlaim Alotaibi [19]
0.012 0.9897 0.9918 | 0.9876 0.989 Amiya Kumar [18]
0.026 0.988 0.993 0.985 0.976 Noor Wali Khan [23]
0.039 0.992 0.996 0.988 0.981 Sunoh Choi [24]

0.0174 0.9396 0.8973 | 0.9861 0.93 Abdallah R.GAD (SVM) [20]
0.00018 | 0.9994 0.9992 | 0.9997 0.999 Maheshi (DT) [30]
0.00075 | 0.9995 0.9996 | 0.9992 0.999 Nicolas (RF) [21]
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An experimental Study of fibers
orientation effect on the tension
properties of composite materials
reinforced by natural linens fibers

Abstract

The main objective of this article is to study the influence of fibers
orientation on the mechanical properties (ultimate tensile strength,
elasticity modulus, elongation) of composite material. To this end,
the composite material samples were prepared by using the hand-
lay-up method at three weight fractions 20:80, 48:52, 61:39, and the
fibers were oriented at 0°, 30°, 45°, 60°, 90° when the samples
were cut by using the CO2 laser cutting machine. The results show
that the samples with a fiber orientation of 0° had the maximum
values of the ultimate tensile strength and Young’s modulus, with
minimal values to elongation in comparison with other samples, on
one hand, and the failure mode corresponds to the angle of fiber
orientation within the composite material, on the other hand.

Keywords: fiber orientation, mechanical properties, failure mode,
tensile loading .
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Study of time series forecasting

techniques

Abstract

Time series forecasting means predicting future value over a period
of time. It entails developing models based on previous data and
applying them to make observations and guide future strategic
decisions. Many forecasting problems include a time element, and
therefore require extrapolation of time series data. Given its great
importance, time series forecasting methods have varied, including
traditional statistical methods, including deep learning. In this
research, the number of incoming calls to the station exchange was
predicted using time series, in order to A combination of traditional
statistical algorithms and deep learning was used, namely Auto
Regressive Integrated Moving Average, Exponential Smoothing,
Recurrent Neural Network, and Profet, and then comparing the
results obtained by each algorithm separately, using the Mean
Squared Error standard. Experiments were also conducted.
Independently, to determine the effect of the depth of recursive
neural networks (RNN) on predicting the number of incoming calls
to the station exchange. The results proved that the ARIMA
algorithm was the best, with an MSE error of 33346.7, superior to
all algorithms used in this research, including the RNN-LSTM
network.

Keywords: time series, service sectors, station divider, ARIMA,
RNN, Prophet, ES
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| 2014-03-22 00:00:00 314
| 2014-03-24 00:00:00 40
| 2014-03-25 00:00:00 367
| 2014-03-28 00:00:00 1516
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| 2014-03-30 00:00:00 333
| 2014-03-31 00:00:00 1125
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ditype="datetimeca[ns]", name="Date', length=823, freg=None)
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JS aill (mlis) gl 3al) claSal se L dgpedl) iyl 9 JSEN gy

count count_%_Change

2014-01-31 5243 Mal
2014-02-28 1340 -0.705270
2014-03-31 14573 5921196
2014-04-30 7944 -0.454957
2014-03-31 G -0.130035
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Jucmdl aaat oy Al 6 elld Ja) (e oK1 ARIMA 205l alasin)
Glahlll Ao Jsamall a8 G 14 IS mange oo LaS A lsall culia)ly
seasonal_order=(1, 1, 0, 12)« order=(1 <1 «1 14) aJul

1, 1, @)x(1, 1, @, 12)12
1, 1, edx(1, 1, 1, 12)12
1, 1, 1)x(e, 8, @, 12)12 - 4

380.62314869774217 -
.3352978289796
545.8336651534955

Jfusrflocal/lib/python3.1e/dist-packages/statsmodels/base/model.py:€07: convergencewarning: Maximum Likelihood eptimization £
ailed to converge. Check mle_retvals
warnings.warn("Maximum Likelihood cptimization failed to "

Jfusr/local/lib/python3.18/dist-packages/statsmodels/base/model.py:687: ConvergenceWarning: Maximum Likelihood optimization f
ailed to converge. Check mle_retvals
warnings.warn({"Maximum Likelihood optimization failed to

1, 1, 1)x(1, 8, 1, 12)12

1, 1, 1)%(1, 1, 8, 12)12
(1, 1, 1)x(1, 1, 1, 12)12

.@3885738751734
.61124337814555
3727848776485
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May 1

2020 2021
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Alled) jealic 22 JSi

Date  fest_tremd test yhat lower fest_yhat uppsr test trend_lowsr test_trand_upper test saaitive_terms tset soditive_terme lowsr test_sdditive_tarme_up

o gi”& 747954504 1181375187 2761064531 T4T 454504 74T 854504 153.096141 153085141 153.086

1 ?3;:? 747978532 1453922154 2256489104 T4TAT5532 T4T ST 532 251182486 251162486 251.182

2 331_10 T48.036618 1306715583 2556924374 T4B.035618 T4E.0GEE16 58122438 98122438 98122

3 :;?‘1:_ 748.058847 1439973025 2G5 TNTOT T4ROE9ELT T4B 0S864T 329447967 328 242067 329442

4 gil":ﬁ T48.101704 1186536644 2827975368 T4B.101704 T4B.101704 25548050 25548090 25.548
yhat 23 J<i
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ExponentialSmoothing uki 4325 e
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J Lsbua MSE (&5 MSE (uld o5 dpatll 345 aayy
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ARIMA Auto Regressive Integrated Moving Average

ES Exponential Smoothing
RNN Recurrent Neural Network
GRU Gated Recurrent Unit
MSE Mean Squared Error
MLP Multi Layer Perceptron

MAPE Mean absolute percentage error

MAE Mean Absolute Error

LST™M Long Short Term Memory
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