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Evaluating the effect of rotation angles of air voids in
hollow cement bricks on their thermal performance

Dr. Anas Qarmo

Abstract

The steady increase in the world's population has been accompanied by
arise in the demand for all types of energy, particularly thermal energy
needed for heating and cooling in residential buildings. Therefore, it
became necessary to find solutions to reduce wasted energy. One area
of research focuses on improving the specifications of residential
building walls, and the most important component of these walls
requiring improvement is the hollow cement brick (hollow block) used
in their construction, which is the focus of this study.

This research studied the effect of the rotation angle and position of air
voids in hollow cement bricks on their thermal performance. This study
was conducted using numerical modeling with the ANSYS program,
where three cement brick models were studied, each containing seven
oval-shaped air voids. Each model was given a specific rotation angle
for its voids with respect to the length of the brick, where the rotation
angle of the first model was 0°, for the second model 45°, and for the
third model 90°. The models were designed using the SOLID WORKS
program and then exported to the ANSYS modeling program. The
thermal modeling was started by taking the limiting conditions
corresponding to the atmosphere of the Syrian city of Homs in the
summer and winter seasons, and six model cases were studied. The
modeling results showed that the first model achieved the best thermal
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performance in both seasons, outperforming the second and third
models in terms of heat flow, equivalent thermal conductivity, and
thermal resistance. The thermal resistance of the first model was
21.72% and 37.36% higher than the second and third models,
respectively, in summer, and 17.049% and 34.19% higher in winter.
This indicates that the model with 0° rotation angle gaps is the
thermally superior model. The research also revealed that convection
heat transfer has a significant impact on the overall heat transfer in the
studied samples. Consequently, the greater the rotation angle of the air
gaps, the lower the thermal resistance of the hollow cement bricks used
in residential building walls, thus increasing heat loss.

Key Words: Hollow cement bricks - angle of rotation of gaps - thermal
modeling - oval gaps.
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Online exams cheating detection based on video analysis using deep
learning

Abstract

This study aims to develop of an intelligent system for detecting cheating
in online examinations through real-time video stream analysis using deep
learning and computer vision techniques. Three independent classification
models were developed, each differing in input types and architectural
structures, and subsequently converted into the ONNX (Open Neural
Network Exchange) format to ensure cross-platform compatibility.

To achieve real-time responsiveness, the system was deployed through a
multi-threaded interactive web-based interface. Additional modules were
integrated to enhance functionality. These include suspicious objects
detection using YOLOVY, retrained on a custom examination dataset to
improve detection accuracy and better identify cheating behaviours, as
well as mouth movement tracking based on the Mouth Aspect Ratio
(MAR) indicator to determine whether students were speaking during the
exam.

The experimental results demonstrated that the hybrid model outperformed
the other models, achieving a classification accuracy of 98.8% with a
complete absence of false negatives. These findings reinforce the
reliability of the system in sensitive examination settings and support its
adoption in digital educational platforms.

Keywords
Cheating detection, Online exams, Video Analysis, YOLOvV9, Mouth
Aspect Ratio (MAR).
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An experimental study of approximation algorithms for minimum 2-T

connected spanning subgraph problem
Abstract

The problem of computing a minimum 2-T connected spanning subgraph
is an important problem in computer science due to its wide applications
and significance in road design and traffic rerouting in the presence of
strong articulation points, accidents, or evacuation zone. The minimum
2-T connected spanning subgraph is distinguished by its ability to
preserve strong connectivity properties in the event of a edge failure or a
vertex failure within the set of vertices T. Although finding this type of
subgraphs is NP-complete, approximate solutions can be obtained
through efficient approximation algorithms. This will be the main focus of

this research.

Keywords: directed graph, subgraph, strongly connected graph,
approximation algorithms, 2—-edge-connected graph, minimum 2-edge-

connected graph, 2-T connected graph.
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Algorithm Test 2edge connected
Input: a directed graph G = (V,E)
if G 1s not strongly connected graph then
return false
for each edge (i,j) € E do
if the subgraph (V, E\{(i,j)}) is not strongly connected then
return false
return true
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1 | Algorithm Test 2vertex _connected

2 | Inmput: a directed graph ¢ = (V, E)

3 |if @ is not strongly connected graph then

4 return false

5 |foreach vertex v €V do

& if the subgraph (V\{v}, E) 1s not strongly connected then
7 return false

& | return true

Laie Tl Caelime Jaall Gl 8 1) il 430y jlsa (4) JSa

28300 LB & 2-T-connected 41aldl (a5 (ke Sy
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1 | Algorithm Find minimal 2-T-connected subgraph

2 | Input: a directed graph ¢ = (V, E)

3 |foreachedge (i,j) € E do

4 delete the edge (i, ) from E

3 if the subgraph (V, E\{(i,j)}) 1s not 2-T-connected then
6 add the edge (i, j) to E

7 | output the subgraph (V, E) and the number of its edges

oaaill L e 2-T-connected dualal Giaa s oly ol dae)lsa (5) Jsal

oasaill Q6 e 2-T-connected dualal (isa s oly slad¥ AL 4 lsal) o
2- dpald e dbdladll dyg pall je cOlagl) Al die c™lall (i Lﬁi =5y

.T—-connected
Cua 2-T-connected dpalal Giae i ol sladY Aaes ey s apanaiy lidd 23l
e Alayall sda il Ay Jabadl o3a (e Cangdly A pe (o SS) Cilsa) Jloal) o3 (panal
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il ey o Lla (eSaia daliad) 038 35a5 o) Gla Y aDlias e il Gl (S
oo s Al by lal) apes 2ad o)) (z Al Clay 2o pamidds 4 d3aal) saildll
b lieaa Al Glayylall sdag dgan IS a)

i 2-T-connected dualdl §iaa i Oy Ao Jpoall dsa Lajld @
Jale &3 e
e 2-T-connected dualal Gine s oly CDlay alay) & IV dspal) b

Ul psiis A5V Aapall Do axslll Dol o B8 Aajall by (sl L8
psds AN Alsjall 8 5 2-T-connected duals e Lliall 4yl je cdlagll
Baals o Bliall @dlagll o o5 e 5 Lo Lete A3y Asiall cdliagl) Auby

O(mM2(m +n)). o) S zliad 4w )l 228 .2-T—connected
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Algorithm Three phases minimal 2-T-connected subgraph

ka2

Lia

Input: a 2-T-connected directed graph ¢ = (V. E)
Phase 1
Find a minimal 2-T-connected subgraph of G and let [ be its edge set.
Phase 2
for vach edge (6j) 1 du
delete the edge (i, ) from E
if the subgraph (7, E\{(i, /)}) iz not 2-T-connected then
add the edge (i,j) to E
Phase 3
for each edge (i,j) € E\] do
delete the edge (i, j) from E
if the subgraph (V, E\{(i,j)}) is not 2-T-connected then
add the edge (i,j) to E

output the subgraph (V. E) and the number of itz edges

Fine 3 Ol ol el Alana e s (6) S

dabe EMN e (meall L8 e 2-T-connected dualal

i 2-T-connected dualdd giaa o Ol Ao Jgaall Vs Liaj lsd

:dabe dayy) e

CDlay alag) a5V Ayl 8 L dalpe dagl o aaie G yled syl 2 3 aa

Canll daa) lod 2ith 2y 2-T—connected  diald Giay (addill QB ye s ol
i Sl syl e daalll el (s Al s al) S JA gl e GBaally
2-T- ald o Blall 4yl je EBlagdll ANL gy dpad <y J55 Y
ot Bagll e plad) (e Adiall EBlall Ay o 68 Al s yall 8 S5 connected
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1 |Algorithm four phsses minimal ITconnected_sraph

2 |Input a 2-T-comnected directed graph & = (V. E)
5 |Phaze 1
4 |Find a minims] 2-T-connected subzraph of & and let I ba itz adge set.
5 | Fam dfs on G and classify edge
G |Phase 2
for each edee (i,j) €1 do
B | if(i,j) is mot tree edge then
g delate tha edge (i, j) from E
10 if the suberaph (V, E\{(i,j1}) iz not 2-T-connacted then
11 add tha edge (i) to £
12 |Phase 3
13 | for sach adee ([, ) € EN dio
14 | #f (7,j) is not tree edge then
15 delete the edge (1, j) from E
16 if the suberaph (V, E\{(i, /11 iz not 2-T-connacted then
17 add tha edge (i, f) 10 £
18 phaze 4
12 | for each tree edge (1,7 do
20 delets the edge (, j) from E
I if the subzraph (1, E\[(i,/)}) i=not 2-T-connectsd then

2 add the edge (7, f) to £

23 | gutput the subgraph (V, £ and the mmaber of its adzes
Fiae Ba Ol oo Jymmall Lina Luaj 5 (7) 220
Jalp Gl e (msaill JE e 2-T-connected dialal

4ilsa 2-T-connected Lualdl giaa A5a Ol Ao Jgaall Lna i lsd @
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2-T- duals o Llall g dyygpall e clagl Ciday agiiy 1 Alayall 3
e OOlagll Cadag Adall EBagll Hladly a8 G dsjall 4 S connected
Clagdl pasd o Al Al g .2-T-connected duals e Llaall 2y), yal)
Lag Y 3l clagl lgie ada iy (gAY (g5l Aluay d8ll, 1Y) da ) 258 ks
Jkas) 5,80y deldll Asjdll 4 &y & .2-T-connected dpals e Llall i
Ngie dgygpall e sl AU QA AN Alapal) a0 ) an Y Al Sl
e 53l 02g) Alpaitl] i gladl

Algorithm Five_phases minimal 2—T—connected subgraph
Input: a 2-T-connected directed graph G = (V, E)
Phase 1
calculate a minimal 2-T—connected subgraph of G and let | be its edge set.
Phase 2
for each edge (i,j) € I do
remove the edge (i, ) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 3
for each edge (i,j) € E\I do
remove the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 4
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For each edge e in E do
Addetol
Let E be the edge set of the input graph
for each edge (i,j) € I do
remove the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 5
for each edge (i, j) € E\I do
remove the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Output the subgraph (V, E) and the number of its edges

LO(ME(M 4 n)) o JI b auspylsl eds ) 30

283ll LB & 2-T-connected 4paldl (3iaa B bo Sy Lajlid o

Garlly Gy Bk pladiuly

J e 2-T-connected dialal @iaa Sin Ol ey dua)led 58l oda & Ly
e Allaall g puall e a4l s Dlasll e Wi el pagadl
Ao a8 ey Banlly Cany Byad lay) DA (e ellyy 2-T—connected 4uala

Aloay yndll CDlay sl 2 lld any 5 Gay yadll o3 ) Y i) cDlas)

leie (s e s Le dlaindy (9RY) (gl

Algorithm minimal_2Tconnected _graph first tree
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Input: a 2-T-connected directed graph G = (V, E)
Phase 1
Run dfs starting from vertex () and classify edges
Note that tree edges form a tree called dfs tree
Phase 2
for each edge (i, j) which is not tree edge do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 3
for each edge (i, j) which is tree edge do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E

output the subgraph (V, E) and the number of its edges
oadaill L6 L& 2-T-connected dualdl giaa a Oly S Lajlsd o
O aladlinly

Vo oflie o sl Gl Tl daa) sl e Aliea Gy s Bl a3 B i
Ofipe Dyl Cosiealy Gaall b Sl Baaj 3 365 DA e el 5n)y Byad e
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Algorithm minimal_2Tconnected graph double trees
Input: a 2-T-connected directed graph G = (V, E)
Phase 1
Run dfs on G and classify edge, and let | be the set of tree edges
Run dfs on G\l and classify edge, and add the tree edges to I.
Phase 2
for each edge (i,j) whichis notin | do

delete the edge (i, j) from E

if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then

add the edge (i,j) to E

Phase 3

for each edge (i,j) whichisin | do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
output the subgraph (V/, E) and the number of its edges

2daill L6 & 2-T-connected dualdl giaa a Oby e duajylss o

usSaall Olally (i aladialy
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Algorithm minimal_2Tconnected graph_double trees refined
Input: a 2-T-connected directed graph G = (V, E)
Phase 1
Run dfs on G and classify edge, and let | be the set of tree edges
Run dfs on G\l and classify edge, and add the tree edges to I.
Find transport graph
Run dfs on the transport graph and for each tree edge (v,w) add (w,v) to |
Phase 2
for each edge (i,j) whichis notin | do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2—-T—connected then
add the edge (i,j) to E
Phase 3
for each edge (i,j) whichisin | do
delete the edge (i, j) from E
if the subgraph (V, E\{(i, j)}) is not 2-T-connected then
add the edge (i,j) to E
output the subgraph (V, E) and the number of its edges
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058 Lexic dlay 82 dic 10 (e sSe Olo o Ayl IS zA mag dglad) 8
Cilaay i) o3 (s Sl (e e gama o il Al Capalis sk 2 [T]=4

A COlay e il (o) Cus (e

& eba) DA e Slsdie IS lilal) a5 3 Aiaal Slaylsal) 25)lias Jlas dal (e

sAalll) 5588 & aslasin generate 2T-connected_graph i

D Jaa g e

sdic degana 4350 Olu wlgl generate_2T-connected_graph ¢ hay!) awais lid

2-T- Lk @y {0,1,..,number_of vertices — 1}  4csendll

.ol asie sae 8 number_of_vertices () ¢us connected

num_edges_before_satisfying_2Tc cdlasll Jla sae yaas S dladl 4

gl WS & Y num_edges_before_satisfying 2Tc <dlagll axe ()

ae of G Jlsdie JS Bliag Al 2y L 2-T-connected iuals iy ol

COlasll 038 Zdlia) o4y NUM_edges_before_satisfying_2Tc (g5l <lasll o3a

Adal) a5 2-T-connected duals GBisy ¥ Ul Gl oIS Js s L olal )

2-T- fala Giny gl o deans (G Jlslie JS0 cBlagl)l (e 2ae ALl

. num_edges_after_satisfying_2Tc s Al <dlagll sae 4 connected

Algorithm generate_2T_connected_graph

Input: number_of_vertices and num_edges_before_satisfying_2Tc

Output: a 2-T-connected graph (V, E) and the number of edges in this
graph

E<0

V < {0,1, ...,number_of vertices — 1}
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p<0
while (p < num_edges_before_satisfying_2Tc) do
u < random integer between 0 and number_of vertices — 1
do
v « random integer between 0 and number_of vertices — 1
whileu = v
if (u,v) isnotanedgein E then
add (u,v) toE
pep+l
num_edges_after_satisfying_2Tce— num_edges_before_satisfying_2Tc
while (V, E) is not 2-T-connected do
u « random integer between 0 and number of vertices — 1
do
v« random integer between 0 and number_of vertices — 1
whileu = v
if (u,v) isnotanedgein E then
add (u,v) tOoE

num_edges_after_satisfying 2Tc «
num_edges_after_satisfying 2Tc + 1

return num_edges_after_satisfying_2Tc
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:488aa) Glaldll A mag Jha o
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Find_ minimal 2-T—connected 4w )i Guki oo mib gle (10) Ja
subgraph

Three_phases_ minimal 2—T—connected subgraph i lsall Lat xic
(11) JRa) 4 miage s WS galill glall oIS Jaall gl e
27 szl Clay e
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Three_phases_ minimal 2-T— 4w la Gubs ge z8b ol (11) Jsa)

connected subgraph

de)ylsd 20 vie Sl zAll cdlay aae of Jaad <Al
25 s four_phases minimal_2Tconnected graph
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Gai st Gl e il ol (12) JSal

four_phases_minimal_2Tconnected_graph

L3 Five_phases minimal 2—-T—connected subgraph 4w lsall 2aw dic
D (13) JS&) 8 mals o8 LS 24 8 Sledl) Al @Dlag xe o
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Five_phases minimal 2-T—-connected 4 lsa Guki ge g8b ol (13) Jal

subgraph

e o) lads minimal_2Tconnected graph first tree ) )lsall daw e
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minimal_2Tconnected graph_first tree

2 minimal_2Tconnected graph_double trees 4 ;lall dai vie Jaads
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minimal_2Tconnected graph_double_trees refined

e 2-T-connected dpalal Biaa S ol S o) Sl el dlaal) 8 i
Gaaldl o a2 (gsboss lems ia Aapay Ledsiadays (3inS de 53 (yanialy (rmidl] 6
Fpalal e i ol JS 3 R e e ang 4l Ll a8 [3] Gevigney
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dapd Gaad Al deal) (e el Lailg saie Lo e 43l JaaDli Az ey Uad o3 JBall
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400000000
300000000
200000000
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e find_minimal_2Tconnected_graph

== three_phases_minimal_2Tconnected_graph
five_phases_minimal_2Tconnected_graph
minimal_2Tconnected_graph_first_tree

e minimal_2Tconnected_graph_double_trees

e minimal_2Tconnected_graph_double_trees_refined

e four_phases_minimal_2Tconnected_graph

Col e Jlaa dal (e ol gt 5 A Clae) il e 2 03 (17) IS0
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500000000

YYo/Yo YVY/YT YA0/YY YoV/YA Y«q/Ye YYA/YO YR4/VYV
e find_minimal_2Tconnected_graph
== three_phases_minimal_2Tconnected_graph
e fijve_phases_minimal_2Tconnected_graph

minimal_2Tconnected_graph_first_tree

e minimal_2Tconnected_graph_double_trees
== minimal_2Tconnected_graph_double_trees_refined
e four_phases_minimal_2Tconnected_graph

25 om sl die Jlae dal (e Lgiiad 0 ) Bl lsal) aes 245 (a) (18) JS
ITI=4  Jal 05405

dilide ad Jal (g saie 200 s dhal Glie e clad o 46l cllabaadll )
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6E+10
5E+10
4E+10
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TN RN ovelv. Vo AJA

B find_minimal_2Tconnected_graph

M three_phases_minimal_2Tconnected_graph

u five_phases_minimal_2Tconnected_graph
minimal_2Tconnected_graph_first_tree

W minimal_2Tconnected_graph_double_trees

B minimal_2Tconnected_graph_double_trees_refined

B four_phases_minimal_2Tconnected_graph

50 G sl e s Ja) e L 5 Al lbay Al men 345 o0 (19) Jeal
int init_number_edges = 500 5 |T|=4 Jal 580
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e find_minimal_2Tconnected_graph

== three_phases_minimal_2Tconnected_graph

== fijve_phases_minimal_2Tconnected_graph
minimal_2Tconnected_graph_first_tree

e minimal_2Tconnected_graph_double_trees

e minimal_2Tconnected_graph_double_trees_refined

e four_phases_minimal_2Tconnected_graph

55 O ol e Jlae dal (e Leiiad 5 A cilia) i) waen 245 (05 (20) Sl
int init_number_edges = number _vertices * 24 |T|=4 Jal (575

114



Aila plaall g Ay gl 9 LilSaal) Lpsaigl) o plal) Adealus oaen daala dlaa

gl a2 Jypaia ala 2026 ols 3 2l 48 alaall

4.5E+12
4E+12
3.5E+12
3E+12
2.5E+12
2E+12
1.5E+12

1E+12 /

5E+11

0
YAT /A vete/do AREJARK

= find_minimal_2Tconnected_graph
three_phases_minimal_2Tconnected_graph
five_phases_minimal_2Tconnected_graph
minimal_2Tconnected_graph_first_tree

= minimal_2Tconnected_graph_double_trees
—minimal_2Tconnected_graph_double_trees_refined
—four_phases_minimal_2Tconnected_graph

80 (sl de Jlae dal (e lelidad 23 Al il ldll aaen 25 00 (21) JSE)
int init_number_edges = number_vertices * 27 |T|=4 Jal (w5 1155
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= find_minimal_2Tconnected_graph
—three_phases_minimal_2Tconnected_graph
five_phases_minimal_2Tconnected_graph
minimal_2Tconnected_graph_first_tree

= minimal_2Tconnected_graph_double_trees

= minimal_2Tconnected_graph_double_trees_refined
four_phases_minimal_2Tconnected_graph
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int init_number_edges = number_vertices * 24 |T|=4 Ja) (x5 150
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H three_phases_minimal_2Tconnected_graph
u five_phases_minimal_2Tconnected_graph
minimal_2Tconnected_graph_first_tree
B minimal_2Tconnected_graph_double_trees
B minimal_2Tconnected_graph_double_trees_refined
B four_phases_minimal_2Tconnected_graph
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Abstract

Network on Chip is employed for on—chip communication in multicore
System-on-Chips for its advantages over bus—-based architectures, more
so with reducing feature size. The NoC implementation can be
synchronous, asynchronous or Globally Asynchronous Locally
Synchronous (GALS). However, synchronous design performance is
limited by the global clock rate and depends on the slowest critical path,
making it indispensable to optimize all portions of the design.
Asynchronous design avoids clock skew and clock distribution issues on
the chip and allows flexibility in the optimization of the rarely used portions
of the system. Along with the benefit of reduced power consumption, they
perform better in terms of delays, yielding average—case performance, as
opposed to the worst-case performance yielded by the synchronous
counterpart.

One of the integral parts of NoC routers is buffers, they play an important
role in saving data from loss and controlling its flow within the network.In
this paper, we proposeda new buffer structure for NOC router,that isa shift
register block implemented using NULL convention Logic operates in a
way that is identical to aFIFO but offers better performance in terms of

resource consumption, speed, and latency.
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