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Design of Robot Gripper Using

Simulation of Snake Jaw

Fardos AIHAJ ', Mahmoud BANI Al MARJEH @, Nafee AFFASH ?)
1-M-A Candidate; 2- Professor; Department of Mechanical Design Engineering; Faculty
of Mechanical and Electrical Engineering; University of Damascus. 3- Researcher at the
Scientific Studies and Research Center.

Abstract

Inspired by the bite and swallowing function of a snake’s mouth, a robot
end-effector grabbing mechanism was designed and implemented. This
gripper consists of two jaws: the upper jaw consists of a double four-bar
linkage mechanism and the lower jaw mechanism consists of two pieces
designed to allow the jaw to extend laterally to accommodate the large
sizes of the loads. The upper and lower jaws are moved by a slider-crank
mechanism for each of the jaws. This gripper driven as a whole by a
screw-bolt mechanism. The direct and invers a geometry of the gripper
were studied. Where these relationships were represented on the Matlab
program. Then we studied the static forces of the mechanism and
determine the torque required for the motor to achieve the gripping
process. Then the results were confirmed by performing the dynamic
simulation of the mechanism on the Inventor program.

Key words: gripper, slider-crank mechanism, dynamic simulation.
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Performance and efficiency of SRAMs cells when
used in various applications

Abstract

Static Random Access Memory (SRAM) is an essential part of Very Large Scale
Integrated (VLSI) circuits and electronic devices and is widely used in embedded
systems and modern System On Chip (SOC) applications.

In this article, we analyzed the conventional 6T SRAM cell in addition to several other
SRAMs cells, namely HVT 6T SRAM cell, 10T SRAM cell, and SE PPN 10T SRAM
cell in terms of power consumption, stability, reading and writing delay and area, and
then comparing them with each other to determine the appropriate application for
them. The simulation results showed that the HVT 6T SRAM cell has the lowest
power consumption among the studied cells and thus this cell is suitable for
applications that require low power consumption. The 10T SRAM cell also showed
the least delay in both reading and writing processes between the studied cells and
therefore this cell is suitable for high speed applications , SE PPN 10T SRAM cell
showed very high reading stability compared to the rest of the cells and thus this cell

is suitable for applications requiring high stability.

key words:
6T SRAM conventional, HVT 6T SRAM, 10T SRAM, SE PPN 10T SRAM, static

noise margin SNM, SRAM cell applications.
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Study and compare Improvement The
Algorithms of improvement the MVDR
Beamforming

Dr. Eng. Elie Khalil

ABSTRACT

The minimum variance distortionless response (MVDR) beamformer is
one of the most common method, minimizes the array output power
while constraining the gain to be one at the direction of interest, It has
high performance in interference suppression if the array steering vector
(ASV) corresponding to the target signal is known accurately, that isn’t
guaranteed practically due to the existence of array imperfections .

therefore the performance of MVDR degrades significantly because
MVDR is too sensitive to the steering vector mismatches. To compact
with this drawback many approaches have been proposed , such Diagonal
Loading Method, Worst —case beamforming, Variable diagonal Loading
Method, and steering Vector estimation method.

In this paper, we will study this methods and use the MATLAB program
to model and compare its performance.
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Effectiveness of using SSIS as a tool to
extract, transform and load data (ETL) when

data sources are heterogeneous
Mohamad Salami, Abdalla Yousef, Waseem Hindi*
AL- Assad Academy, For Military Engineering
*Postgraduate Student (MSc.)*

Abstract

Choosing the right ETL tool for the realization of the data
warehouse is critical, reasoning that the wrong choice of tool can
lead to a series of financial and time losses, not to mention the
amount of hard work that will be put in. The process of extracting,
transforming and uploading data to the repository faces many
difficulties, the most important of which is the heterogeneity of data
sources.

The data warehouse designer can choose from a variety of
ETL tools, but without exploring or knowing their features, it will
lead to an inaccurate decision-making process. In this paper, the
effectiveness of the tool (SSIS-Microsoft SQL Server Service) will
be evaluated in extracting data from its heterogeneous sources and
storing it in a data warehouse.

Keywords: Data Warehouse, ETL Tools, Data Integration,
Data Flow.
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Product_name Store_name
Band_key Region_key
l ®
Band Region City
@ Band_key ¥ Region_key @ City_key
Band_Description Region_name s City_name
City_key

Apalibl 4y lat A8yl cilagaal 20 ER glgal (2)J8)
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Labaally e Jadade A e 46U s liall oyl sladY) dadad o5
tAg)lad 4S50 Glapal and habada e Janse Jba (3) JSAN Gy ¢ e

R}
i i
Market / ‘H Date
Dimension N . Dimension
I 1)
- - — J |- - -
s &
~ N P -~
o s
~ Sales -
3 Facts - Product
! \ Dimension
I )
i P v
i - < A i \
rs S
f, ~ 4

4,4 lagsal and i (3) Jeil)

Ny 7 igad (385 bl £ agices o ly g 34

fed Dlsha wo)f Lol el gz ol oy
(Choose the business process) Jus¥) dules yaa3 -1

AT Sy oz dsaill Wiy of gy ) aleall Caiay Aayall 038 8 S5y

AU DUl ¢ Paly clilliall 2l

(Declare the grain) <8 Jéail) g gimwa Laad -2

i iz dsalll Ui (e Ladan Crgllaall Giliall Caypes Alayall o285
s ans Lo 135 Adgall Joan ) Al ay Sliby sl IS Jiey e Al
i S

Adee Ay B A4 giee yial aaad s g legd <) Ll
3 sshall b olaaf Caling) iy o8 oelld e aaing aleSl apanatl) G Y capanaill
aSaty A L JAd (ssiame e BN aaaill e 453l apeall) Llee (10 4
Dl ale) & e JC0 @ld haa salels 2 35kl ) sasall aeaall o

(A e 4 53 Gkl
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. T

Agdslaa ¢y (Identify the dimensions) alal) Ciyas -3

oz il BilEs Joas luld amg 5 bl o 2

JS (3l 3 32yke Lo 32l ) dldia ) ciligeagl wen Jiad ) slaY) las)

- oeld

JAglgaa ¢ Uag (Identify the fact) (&ldal) (ayps -4
o G Al Jsaa ol oa 2d) zigai o by e 5] Aayall el
DoaY) Qi (gsial Aailae aseaaill 8 A8 Al HlEal) ppes ()5S0
2 ssladll b Cajpedl
oL 25 G (Aplas A58 Clapal Glsal) sl z3sai (4) IS sy
S A&l A1 Jalpal) Badal amy 3 gl

DimStores *
9 StorelD

StoreName
City
Region

=03

=00

FactProductSales *
9 Fact_key
SalesDateKey
StorelD
ProductiD
SalesTotalCost

DimProduct *
@ ProductKey

ProductName
ProductSalesCost

Band_Description

DimDate *
@ DateKey

Date

FullDateUK
FullDateUSA
DayOfMonth
DaySuffix
DayName
DayOfWeekUSA
DayOfWeekUK
DayOfWeekinMonth
DayOfWeekinYear
DayOfQuarter
DayOfYear
WeekOfMonth
WeekOfQuarter
WeekOfVear
Month
MonthName

Manth#Niarter

Alad A8 clagsal S gl (4) Joid)
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Lladal) bl sae B L) clibd) Jlaa) 4-4
e Congs Al il il 520l ) Tlsdie dampas iy JIAY) o3
g asinse (Al L daaailly Jasailly zhanu) lblee ehya) BaY Jps Al it
Jslaall ) bl Jlal 25 .SSIS 1Y) LA (e @l iy ccaagl) calil
odsasll Wl insert s)ke WA o« Region, Band, Store, City, Product
3 Sya) alaas - 5 Store_Billing, Store_Billing_Details

15

D lasas calsaall e oY @l (procedureGenerateRandomData)
ol Adiye ) Lealily deas o (Saa 35S
ETL dalant Lalady) cfghill 5-4

tsts ETL Alee ¢hal Lpuluf clshd 28306 dllia
(Data Extraction) «lbal) padaiu) -1

bl bl g ogine ) Ul Qs e 3 1Y) 550aal) a
a2 Adhaie aud ddhie ) dilaie jurl) jalad) e bl 3e))8 2y Al yall
Dvaall Akl G a8 Alagie (a0 Aikie a5 (Data staging area) bl
oy bl Lgie Calad Cups 3836 (545 Adkia Bale oy el gagie
A g asimall () 8ydle llal) J& a5y a8 4V - lad g agiuall ) Lebueas
sy gt lld) 4w ULl apads ddlaie aadind bl J& 8 ¢ Uadlf
pai dilaie ) dilais yual) layabias (e Uil (adla ) ke (5) Sl
L)

Different STAGING AREA
Data Sources

i
—

DataWarehouse

(Data Extraction) <lilal) gadiiul (5) Jedll
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(Data Transformation) <l Jisad -2

Als bl gasiun b Andats Ll bl Cids Asjall o2 S
Gl ae B85 (S ag3lll die bl G Gaunll iy ) Sall clibl)
bl e L) dpbuall Sllaad) s haly g gl Gara dgasal

Oaa (Data integration) bl Jel<s (e ils 33l el ()

cll) Jledl) sl 530 JolSl) 138 cclilyd) & 3 gina

(Data Loading) <l Juaald -3

&) ARl Ala ) 8 Leahaiud & Al bld) Jeead 2y Alajall o2
Jhre GUL & agiue 5 Laxie GULN Jiead Bl cng clilball & a5
Aal) ETL Alesd ) clshall (6) JS) muasy .(Offling) Jasdl (e
. SAl

Sql
server

ETL Process

Extract Transform Load Analyze
: »#‘n r§0| >l

Staging Area Data Warehouse Analytics

Oracle
DB

Yord
file

Text
File

NN

ETL dlead L) cafghadl) (6) Joid)

SSIS 514 6-4

zhaiul dal (e padind ((Microsoft) Sy z il (e dagpusg Ape 310 o
gagie A leheatl bl JRAll ) Ledisaty Basetie Glily Halias (e Ll
.SQL Server 2019 4y 8 513Y) o3 Gpanai &y .Ul
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toh Candl 13 8 Lealadind 3 ) SSIS s1d i sKa aal
Data Flow Task -1
Ay oSanl) 3 o2 A (ye INTRUINEN BV Gl e e (58 ?"’i P
ADO NET Source -2
Ul ) Jsadl (i Glly Haas ae dall (sSall 138 P (e 2
«Microsoft SQL Server «Oracle Database Jie &bl sacld 4
dal e 0sSall ag) zlias caadll & ¢, 5S0 Laye s PostgreSQL «MySQL
Uil 2ol 5l aUar 8 leasana 25 Al ke i) Gl 3ae 8 ae ayy
.Oracle
OLE DB Destination -3
aelsd 8yl aldar o3l a5 (A JLall ae dagyl) ()<l 1aa (PLA oy 2y
.Microsoft SQL Server 2019 <ty
Excel Source -4
Excel @by jaae ae bl & o &all 138 PA e
Flat File Source -5
TJext File cbly jaae ae ol & ¢ sSall 138 PA 00
Sequence Container -6
JADU (e dudis DA (e i ULl g agie I bl Jest o
I JBV J8 ddgall Jeas ) Cllall Jia) oS ¥ dus calblall Jglaa )
& asiusall 8 alaY) 43S dia] milie gemg Andal) Jpan Y caladY) A
Look up -7
2 3ayage uall il e JLall Jyaall o8 Cany dlany 9Sall 12 058
de\ djh @M [RPESW )..yJ‘ Sy’ B | AAL.A;\ é dua ‘J.J...a.d\
Execute SQL -8
O Dl 3ty ()5Sl 13 agdy Caa SSIS 1ol lisSa aal e yiin)
g asimall 3l bl Joaad Alse bl il Cupay aaall cilily
S el b Al (7) JRE)
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E=:') Flat File Source ﬁ-)a Data Flow Task

I Sequence Container i* ADO NET Source

-—-
T Lookup € oLt D8 Destination
-

Q‘a Execute SQL Task E_El) Excel Source

Gyl B lgaladial 35 Al SSIS liga (7) Jeil)
Ldlaia il jalaaall (e clibud) Jagady g hadul 7-4
) g agiase ) Alais 5l lyalias e Ll & hath ol Sy

tohs bl jaliae B aag «SSIS 513V lasiuly
(2) JSEL daia ge Al Y ) dglail) 48580 e duliands lly 3ac 8 — 1
Text File i il Gaua Lgalily G580 &3 A0 alie aal Cilage =2
Excel File Jus) cale e Lgilily oan & 45580 Al jaial Gl =3

A jaliad) ae Adie s s8] o Caagiy alge A6 lal Jlallyy

2o Control Flow [GRIRE el & Parameters 24 Control Flow o parameters | a0 Control Flow ol & Parameters
Data Flow Task: | gl Flat File Task DetaFlowTask: gy Orade Task Data Flow Task: ‘iai Excel Task

=) FlatFile S =
D_) at File Source &3) Excel Source
i-) ODBC Source

R(_ OLE 0B E(- OLE DB Destination

e(- OLE DB Destination Destination

SSIS algs (8) Jsall
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S Jalyal) (385 algall oda it iy

) sae i 21w Japll DL e @l iyt bl jaias pe oyl uali —1

ad 3285 1 Cum o(9) JSlL aash oa LS Aplaill A58l Cilagal Al
el Aalall el 4y ddsiall bl 5228 audy axiall

8 Connection Manager =
Provider: | .Met Providers\OracleClient Data Provider j
—
;.i SErVer name:
!,_,.-/ |nr(| |
Connection
SR Log on to the database

Jnal N

User name: |Sa|es{ |
P

All

Password:  [eeees |

[ 5ave my password

Oracle dladdl il 3106 aa dayyll (9) Joil)
LS Gl Hlae paad P e (Text file) oaill cilall ae Jag)l 2
oo byl i (Excel File) Jusy) cale g Y1 U ((10)JSE0 i
(IS mase s LS gl JusSY) Jlacaly slaall yuas Pla

OF Excel Connection Manager X

Specify an Excel file to connect to by selecting an existing file or by providing a file path to create a new file.

Excel connection settings

Excel file path:

B\ LachStorel'\Sales Storl.xlsx Browse..,

Excel version:

Microsoft Excel 2007-2010 w

Microsoft Excel 3.0
Microsoft Excel 4.0
Microsoft Excel 5.0
Microsoft Excel §7-2003
Microsoft Excel 2007-2010
Microsoft Excel 2013

Cancel

Excel File clly jyas g byl (10) Jeil)
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B Flat File Connection Manager Editor ad X
Connection manager name: |F|at File Connection Manager ‘
Description: | ‘
& General Select a file and specify the file properties and the file format.

Columns File name: B\ Lach§
' : tored\Sales_stored bt B
Advanced ‘ ‘ ml
= Preview Locale: Arabic (Syria) v [ Unicode
Code page: 1256 (ANSI - duy=ll) v
Format: Delimited v
Text qualifier: ‘<nune> ‘
Header row delimiter: [CR}[LF} V‘
Header rows to skip: |0 =
Column names in the first data row

Text File cllyll jaas aa byl (11) Joid)
a3 ol 2y ULl o &3l A8 gl Axgpall ) bl Jysats zhadiul =2
I Lelisaty lpalias (e cliball zhatud wiy bl jalias ae Jagyl Gl
() ISl e gal) Ll g agiiay Gl ) ikl = 3 ail A8 gall dayal
Jsaa Aapa Lgaal Aalak iy jaliadll e Ul zhaiul SSIS sl Gesh
Gis JLsaY) &y «SQL Command wMaiul el J<i ey Full Table Jals
A (e aslily zhas) Sy DImM_Store jasiall aad cclibull g a5t 3 g
(12) 0880 mnsh s LS el el (385 Abianiil) lilll sacl Jglaa
Jealsd aaat 43l&a) SSIS 31a) esd Text  File calbldl jacadd 4 ally
GaeeY) sl e ymy Caldll e JI il LS 1) Lad aaag csaec )
s sa LS Glila) g agined lilall & 55 3élal Data Type <Ll &\)_ﬁ}
(1)) 4
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Data access mode:

501 command ~

SCL command text:

select Store_key, Store_name, Region_name, City_name Build Query...
from Store Region, City

where Store.Region_key=Region.region_key
And Region.City_key= City.City_k Browse...

Preview:...

SQL Command 3y cilib) Jygats g hiiud (12) Jsil

Jia A ealily e JS4 e Excel @bl jaae e @bl #hatul &
33 Jla o8 Ll cdsan dagaay olld 2y bl 2 35ai) A0 dapall CuilS
J<s Ao Juss) caldl (e cliball z il AplSa) acxi SSIS sl Glb cadtal
«Query Builder Stxiwy) ¢l dleal) s2a awd cilily 32cld Dlatin
) clatial) by (gsay Jass) calad 2Maia¥) oLy dlee (13) JSE) maias)
Gl Gla Ly @l Pa e (DIMProduct zisall a8 Lewias caagy

aih Qe dglee 8 g 2 s )

85! Query Builder O >

FH W O Ed S 5 [i= &3

-~
EH SheetlS =
[ 1* (Al Columns)
product_id
Product_name
- » Product_band
|:| Product_date
I:l Product_EXP
w
< >l
Column Alias Table Cutp... Sort Type Sort Order Fo
[ 3 LT T T | E‘ Chest1C A 57
< >
SELECT product_id, Product_name, Product_band
FROM “Sheet1§”

Excel File cils 3 Saiuy) ¢l (13) Jeid)
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A pbias e clibad) Jaeady lilall g agiway UL jabias o byl =3
g 3sime z3gail Galsal)l JCal ) Leligaty lilall zhatial o3 o sa tp dsidl)
Lapyll 134 SSIS 8l (e el g3 5iuse ae Jysaill 3l Jayy cansty Uyl
3gae JS Jayy oy Cus ((14) JSAIL ass 5o LS Mapping dlee DA (e
441 Tyl Alenll o3 2adh L Uil £ o giuse b 4d GBilsall dsenll e saadll
ULl g agie pa Jasailly o DATLY) A

| OLE DB Destination Editor a X
Configure the properties used to insert data into a relational database using an OLE DB provider.
Connection Manager
Mappings Available Input Columns
Error Qutput MName Hame
product_id :
Froduct_name ProductMame
Product_band 3 ProductSalesCost
I el
¢ Product_Cost | = ==~ | Band Description
Input Column Destination Column
product_id ProductKey
Product_name Productlame
Product_Cost ProductSalesCost
Product_band Band_Description

Mapping Ll e (14) Jsil)
o sl Gl Ja Aalialy i g agisall () ULl Jaent] 3531 350301 )
sa LS SSIS 514 3 Execute SQL (ysSall aladiuly ¢l 21y «<DimDate axl
(15) J=ally ae
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| i3 Execute SOL Task Editor

Configure the properties required to run S0L statements and stored procedures using the selected connection.

-

General

Parameter Mapping
Result Set
Expressions

v General
Name
Description

~ Options
TimeOut
CodePage
TypeCenversionMode

~ Result Set
ResultSet

~ SQL Statement
ConnectionType
Cennection
5QLS5ourceType
SCLStatermnent
IsQueryStoredProcedure

BypassPrepare

Name
Specifies the name of the task.

Browse...

[ d

Execute SQL Task
Execute 5QL Task

o
1256
Allowed

None
OLEDB

DESKTOP-RMMNQE4.Breach@DW
Direct input

100%

Build Qu

DimDate . asll gl Jaw 48l (15) Jed)

) Ailath 5ol b jalias e bl Jopeat aiy asall Gyl Jass A8la) 2ay
g sl A Glld) Jaead Ao Jaxi il Package dajadl L cliball ¢ 3 g
doead iy G o(4) Sl sl bl @ o gise 3 sad (3850 Josluds (34
O3Sl alaat Iy iy e@laall Jsaa U 28 Yl o) ) el
Glilall Jaeaaty o588 Al daiall 2w (16) JI) ma g «Sequence Container
(ol 2y () gl Gyl Ja Adlia) dey GLLL & agie ) Wajabas (e
teh Lo it Julidia JS05 2 SSIS daja i e
el Euaat -]
gasiua S lehwats Excel File Jus) cale oo bbbl Jygadg o bl =2
Ll
gasinn A lelwaaty Text File oav cale e clilall igats z))asn) -3
Laabill)
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insert inte Date_dim([did]

ldmy]

dd]

J[mm]

lqtr]

Jwoy]

Jdname]

.[mname]) values
(format (GETDATE(),
FORMAT (getdate(
FORMAT (getdate(
FORMAT (getdate(
FORMAT (getdate( vl
DATEPART(QUARTER, FORMAT (getdate(
DATEPART(WEEK, FORMAT (getdate(],
FORMAT (getdate(), 'dddd"),
FORMAT (getdate(), ‘MMMM')

2.

y-W
MM-dd'),
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5 : \
Sequence Container R

Ea Insert Into Date_Dim

| U? delete from Table_temp2
/) 'y

3
i i Load data from Excel File To SalesDW

l_¥

3
i i Load data from Text File To SalesDW
I b

ﬂa Load data from ODE To SalesDW

g? delete from Table_temp1

clibd) £ agiuall clibd) jabas (e clibd) Jraadl SSIS daja (16) Jsal
g s ) Lebanty bt i) 52e B (e cililadl Jygaty zhadal —4
ablul)
adhidll .4y (Data Stage Area clilull aai dshic (o Glikall a3 =5
AP bl b 385 (bl ¢ ogiues bl jalias o ddansial)
ol ULl all) Jrenill ey Lebja o i (S sl dlenl
ULl & 3 gie
R Gam cJumie (S8 Aol 2gEl D) 8 (17) JSE many,
Jisaty zhaiul zlial el Gan clilall G55 dege S 25 (o) dbpa
0B () Sl gagiue I Lt D duilaie all lplas e bl
s 436 9.718
Ol 2008 gy SSIS sl axaiu) A [10] casll 3l ae A3)laall
Glily g asine ) Excel File jaae (o daw 1000 Jaends Jigaty z)yaind
.46 0.655 ) zlis) SQL Server 2008 day b i
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E_D Control Flow gl Data Flow @ Parameters T EventHandlers “i— Package Explorer

5>
"0 validation has started
= = Sequence Container
"0 validation has started
=» Task delete from Table_temp1
=» Task delete from Table_temp2
= Task Insert Into Date_Dim
"R validation has started (2)
P validation is completed (2)
© start, 02:42:10 0
= Progress: Executing query “insert into Date_dim([did] ,[dmy] ,[Da...". - 100 percent complete
o Finished, 02:42: 14 g, Elapsed time: 00:00:03.875
-» Task Load data from Excel File To SalesDW
-» Task Load data from ODE To SalesDW
"0 validation has started (2)
P validation is completed (2)
D start, 02:42:16
= Progress: Executing query “insert into fact_table(target_key,region_key,fact_...". - 100 percent complete
o Finished, 02:42: 16 s, Elapsed time: 00:00:00.344
=» Task Load data from Text File To SalesDW
P validation is completed
© start, 02:42:10 0
o Finished, 02:42:16 o, Elapsed time: 00:00:06,125
equeTice Container 1
P validation is completed
D start, 02:42:10 o
[} Finished, 02:42:18 o, Elapsed time: 00:00:09. 718

oDE®

o®E

SSIS duj 1dii e (17) Jsl
e il £ agiues Cinll 28 SSIS 3l aladinlyy Agpli Ayl Cagyk
Jaws 1000 Jaesis Jasads zlaiul zUal SQL Server 2019 iy b
& Al 0,422 clild) gasiea ) EXxcel File jaae g cilily
-8 () pe Jpasilly Jysailly 2 hanu) dlee 3% A (18)
&

Excel Source

2

1,000 rows

© [s515.Pipeline] Information: Cleanup phase is beginning.
=>» Progress: Cleanup - 0 percent complete 86 OLE .DB )

=> Progress: Cleanup - 50 percent complete Destination

=> Progress: Cleanup - 100 percent complete /
O Finished, 10:00:40 o, Elapsed time: 00:00:00.422

) Validatian ic ramnlated

Uil gagiwa ) Excel File juaa i daw 1000 Jrendy Jasady ghaiad (18) Jedd)
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gl Addlia -5
o bl Jraads dysats zhaiu) 8 SSIS sl ayi caad) 134 4 @
A bl Y Jeagilly clilal) g agiue ) Adlaia pall bajyslias
o dalail) vie Lt o102 3 Algeus g yay Adlad SSIS sl cand —1
collall dslais e jalae
Aaliad ¢ 1oy lis ) @bl disad (e aadiasd) &85 SSIS slaf &) -2
T b padill ULl iy el ga (grgpall GHlAD (and Cum
Lt g (e ST Jysaill il (ompe i) ) ALYl (liball ¢ 35
gsisll e padiuall caad @llyg cpagival ) Lebieaad 8 UL 3 5al
sl 8
lae e clilall 38y KKl SSIS sl aladiud vie aadtiall oS -3
Ll ¢ agise ) eyl
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315 oo ASpal) ang Alis Ja 3 e ldl) AplSa) Cand) 130 (3 Gy
«Vehicle Routing Problem With Hard Time Windows (VRPHTW) 4a)la d1ia)
palall gl alaa¥) e RSN cdal Cua AR JSUie e s2al5 o A
dall Wl assi daaylsd O¥) (s aag ¥y NP-HARD gl (e e Sl
Ao Yla et dediieall e lsall JSE IS5 03] JiaY)

&l Hybrid Algorithm (HA) dad) dua))ldll Way 3 apmiv
4))lsa9 Guided Local Search(GLS) 4sgall Asall Caall 44y jlsa o
SAV)aLady) dwyyld Je satiwaly ¢ Tabu Search(TS) jshaaall  Caalll
(GLS — el el 1 e il dall 4)ae & <Savings Algorithm
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Contribute to solve Vehicle Routing
Problem with Hard Time Windows
(VRPHTW) To Support the
Transportation System in Hospitals.

Abstract

In this research, we study the possibility of contribution in
solving Vehicle Routing Problem with Hard Time Windows (VRPHTW),
which is one of the optimization problems that, has attracted a lot
of attention at the present time. It is a problem of the NP-hard type.
There is still no algorithm providing us with the optimal solution of
this problem. All the used algorithms give approximate solutions.

In our research, we will present the Hybrid Algorithm (HA),
which integrates the  Guided Local Search Algorithm (GLS) and the
Tabu Search Algorithm (TSA), which is based on the Saving Algorithm

(SAv). We will then compare the quality of the solution resulted from

this hybrid approach (GLS — TS ) — SAv with the results of well-known
standard tests to determine the effectiveness of the presented approach.

Keywords: Approximate Algorithms (Hybrid, Guided Local
Search m, Tabu Search, Savings).
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1- P=0.

2- S = InitialSolution( ).
3- §* = LocalSearch(S).

4-  while not stoppingCondition( )do.
5- f = ChoosePenaltyFeatures(s,p);
6- foreachxinfdoP, =P, +1.

7- S = LocalSearch(S) .

8- if 0(s) < O(S*) then

9- §¥=S8§

10- return S*.
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s Aapall angs Al Jal e pstiaal) diad) 4 jlea 3.10
1dgia) Mlgd
S)SIAN aladin) Jiay u hlam) AaliY) elys Lo il lsadl ST g aa3

osbad) Gl Aalk e g Y] Cililery Alaial) il sbeall 35805 8k Al

SIS sl Gl 3 lsd Jie Capa® TS jshanall Sanall da)lsa ¢
S demsill gy Laties cAdadll LB b g gll Ga gpell Bane e Vs Ui
LAl dall e Toud mipe da Hlaal o shiaad) Gindl Jory dlae e Jalis

G35 Bzl 13y el die e agy JeaiS ad) Dy 8 ghadl Gl o)
Jsaall Cimily Al e Wl o)lhe Jsla HLaS) (Sa A2 jhe Syga 8 Jsa) Y
Tin P e Ble )l @ W lad) dalay TS jshaadll candl Shyps b
Dase diladl) lSntl S Jslall 5813 iy jslaall Ciaally ¢ Y] Gl lse
Gl OIS IS s sl Bl 3503 JCE5 @phad) A es Al

il gad) e s QI Gaay TS sanall

Gy cOaills BSIAL eDlgiul sa 3)shaaall Al & bl Jolall J< Guias o
esinty pylhall Jslall JS AailE ) asmy Y Talge Sa IS 13 IS8 S b 38
aseia JRY PR ey pyshaaddl QAN e Gl 2 e b)slaad) Al
Gl 5803 Jon laglaall am 28 Ly oclSiall o2a Galsiy Jall il
A e aa i) G 3 (V) a5 W el mi o oS
OB Gl pas desien (S5 3 Balge e Yola Gl Taa Bae (65 Sl skl
Bshiae e Usdl Jlall Jsla a5 yshandd) Jolall Yol saat zgalall yulas

il e Jesiy
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1) 55 aa 48 sall A 55 Adlial ) gliaal) iad) 3k 4.10

Gy O i Aie) 3l e ASHall gagt Al slaadl) i) (Baas (I
Leadiedl Gadl Gl (o desane Cial s ¢ gshaall Gl Gl
[13] 1 VK ssinall Allal) asbnsif il
Aldiaa)) leall Jolall de gane Jady téiagl) plad ]
Jal Jias 2
k) iy caua e Al AL e il B Sl ol Jaty
A¥) Bl Gl asll Spe Jiaps el saaly 8ye s IS b
53\
LAY Jal) sl el .3
(el Jall e Jsanll & AV sshall 0 I dall oy o
f ) e salagYs
s il () e Jas bl e San ee da aagi -1
- shanall Gl 8 (e ddad Jlai =2
Y Jall axy Lo dla e uks -3
Sl da e Jsaall deladall Gyl Jie daldyy) il ylsall aodis

S sl U5 Gk 0o Jadl 15 cpmend e e a5 Aled gyl 2
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5 lepnd SV Rl ulaas Guhl)l (4l o) Jil (Ao dial) dileal

4 zsaa smas o) QA ¢ Aled 2o s Gl e (L aad

gl e Auyal) Angi Alal TS ghiaall adl) dpajlsd cishd 5.10

:4ia]

r

pseudo-codes (TS)

1-

2-

Choose an initial solution x in S.

I. Setx*=x &k =0.
Set k=k+1 & generate a subset V~
of solution in N(x, k) such that either one of the Tabu
conditions is violated or at least one of the aspiration
conditions holds.
Choose abestj inx* and set x = j.
If f(x) < f(x*) then set x™ = x.
Update Tabu and aspiration conditions.
If a stopping condition is met then stop.
Else go to Step 2.

: gl 4aailed 6-10

5 3aldy) Ayla o Savings Algorithm(SA) s il 4 led ¢
ol A o[14] M\mm;@uuﬁqusybj@ S Jall e Y
1(6) JS&N 8 mage o WS lgle Jgaal) 8 Sl callall 8 &yedg e
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AR

b a

o) @il $se Jiay 0 Cun JANY) aggha gy 1(6) JSi)

Sall IS o i Y llaall Cluay Jall eld AY) Jall s )
dally Blaia¥ly calull Jslall 8 550 430))ld G oo (Do i W)y
TSIV s adlS S agle Jaanl) &5 (53)
daadly ((@=6) Jsall & dladie Gyl Pla e j ol L 3L G
LS j = @ dadadll & JBal daans e o Guball pain e Gl i of JuadY)
Chsisl) Gl Sy ¢ slare Jil) Cayjlas O (b —6)  JSE) 3 minse s
Jeall & cphll ge Ya (b-6) JSal b Gkl e JEY) e aan
LS D, Jal 44l Jea) 5 joi odaiedl o Jall &K e Js ¢ 5 (a-6)
P (376) Jeah
D, = cyi + ¢ + ¢y + Cjo
Do (@-3) Jlal) 8 LS Jal) Ads Dy oeop A S
Dy = coi + ¢ + cjo
Sy sl e deand aaly Bphay il G pead) PA (e
Sij =Dg—Dp = ¢ +¢oj — Cjj (22)
J VD saal) (e bylee Ul WY Adas L 508 aeall (e Anslil) ol
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s b i) dsal,lsd ki 1.6.10
pseudo-codes Savings Algorithm(SA)
1.Make n routes: v, »v; » v,, foreach i > 1.
2. Compute the savings for merging delivery locations I & j,
which is given by:

Si

j= diO +d0]—d

ij Hforall i,j>1&i=+j.

3. Sort the savings in descending order.

4. Starting at the top of the (remaining) list of savings, merge
the two routes associated with the largest (remaining)
savings, provided that:

a. The two delivery locations are not already on the
same route

b. Neither delivery location is interior to its route,
meaning that both notes are still directly
connected to the depot on their respective routes

c. The demand G & distance constraints D & time
window are not violated by the merged route.

5. Repeat step (3) until no additional savings can be achieved.
:MUAJ C..\ll\

(GLS — TS ) — SAV dasial) Llagl) dua) lsdl) cifghad 1.11
Baiaally (Lstiaall Gadi-dagal) daal) ciadl) dadiall gl daaj sid
t sl daajlsd e
faaylsd O el Tane o adiad diaa el Jeall 38 b il

D8l A s e stiaally sal Cindl a3 3 g dnsall sl G
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Jolall il 5 clygigll (pa SN 3atl sasall Chngl) aili Aals 0 SAV
Aails; Alaie 3503 A ahaiuly sbaad)l Gl dpahled J8 e iy A
Ghhaal Ala Y LS o oSa ) 3shaal) A a0 Cigug ¢ 3)slana
S 5 LSl Cunil 5yglaaal A aaay oSl A (ag cn el s
o osbaddl Gl aasid 5 Lo Jgiee da ) allailly ddaddl 4B
Gandl a8 (Y 3l Aaall logleal) aladinl e Yo angal) Jaall Gl
Faa) Al aadivin 13gls ¢ sae sl At allial moaaai Y ) sy
Ciags Ofia) Al e JSI o) Wial s3a G wend il (GLS-TS) dingl)

 Aaybin dia) Al e S yal) 4uas Alial Alle 3353 (53 Ja e Jseanl)

:(GLS — TS) — SAv dadiall dlagll duaj sl cighd 2-11

Aadiiual Geapll VY mia sl Al dpa) lad) Cilsha aje J8
. Sall Jallsaled) Jisall aaf: NH o
shaaall Gl Ay jla DA e (Y1 s Ae lsa Juail - Best_NS o
ccgll hagpd 38a3 s aly Ja Juail : OPt_NS o
sl Gl daayla P e dse Jal Jall s Juail : NHG e

. dasal)
ladl Gl Ly )ld P e V) s dlse lea Juail - Best_NSG o
. dasal)

Giad i dagall sl Gl DA (e g Ja Juadl Jiy : Opt_NSG o
gl g

Ll sl i S e

c el Jall e Ul sl Ldlea) ddl<l : M(S) o
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pseudo-codes (GLS —TS) — SAv:

1-The First Stage:

I initialization
ii. S = InltlalSOlutlon(Sl]) /i Sl] = CdiO + Cd()j_Cdi]'
iii. S*=§,

[] Al JYA (s el aan O sl Asailed Gadl VA e S AV Jall il
[ 3saal) Gisgh) ali Aali (e Al (B 4dle Jgaanl) a3 52 Jally BliiaYlg S
/I the best solution S* found and keeping the solution obtained
at the lowest cost in terms of the follower of the specified target.

iv. TL=0 , //Wwyaxias,shsdaasl Tabu List TL=12.

2-The second stage:
Generation N(s) by 2 — opt local search algorithm.

3- Third stage:
TL=TL +1

J/ G Jgina Ja ) adbailly 3) glinal) Aailal) IO (a LSS il ghinall Gad) Apajlod ks
4- The fourth stage:
Apply Guided LocalSearch(Tabu list)

[] 3amsh dutaal cilagtaal) plsiiad ¢oa Yoy gl Aikiia (b Agasill §)shiaal) Aadl lo Ansall aall Cingl ks
4-1 When there is no improvement S (in the 13 consecutive
times)

Best_NS = InitialSolution
// Best_NS as a primary solution in the Guided local
search area,
Best_NS = InitialSolution
Best NSG = Best NS
4-2 Generation N(s) = InitialSolution
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A NHG 42 gall Aaal) Eaaad) MA o Y Aol Jall i s 2l gs
4-3  Initial = Initialsolution(). //Initial is current solution
S = Localsearch(Initial). [/Make sure we start with a local
minimum
S* = NHG /|| S" = best represent the best
solution found

If S < s then

Best = s
Endif
P=0.
whilenot stoppingCondition( )do.
f = ChoosePenaltyFeatures(s,p);
,/and continuous visits impose a penalty on her 0.2 If the node is

visited before the specified time to avoid node repeat visit
foreachxinfdo P,=P +1

4-4 Calculate total cost M(s) for the current solution
S generated
If M (S) <M (Best_NSG) then we proceed
Else go to step 3 (Third stage).
4-5 Repeat
step (3-4) & (4-4)
Choose Opt_NSG =new solution
Until (Terminating Condition  in the 50 consecutive
times)
5- The fifth stage:
whilenot stoppingCondition( )do:
Repeat the steps of the algorithm.

11 (3455 oa) 383 gl cyuna Ja Ao Jguanll) Gl Jlna (i3 ia Tpajlsall clghis LSS
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:@.ﬂl’d\

Laylsd) et Al Aedall dimgd) Laapball dupail) @hlERY) Cual
5 odsl Al o satiually (shaall diadl daa))lsa 5 ansal) Jaall Syl
plaaiuly PC 8 dpgulall culadll Lde 5 dpaylsal) 2asl € + + pladin)
ipapylall eda clael 5 ¢ Jlsdiall Jpadl 3513 0 & GB 5 corei7 zlae
zrial Jall ol i) deadiiadl bl 5 ¢ 14 Jual (e 2 @Vl Al
o 2 Aol Aiie) Mg ae AS5all aag Al L[17,16] Solomon’s sl
o b Alas 12 00 0S8 R 5 oflls 0 088 RC &un RRC g5
. Libas 5y3iie Alls 100 (e b sl 2 JSLaal o3a (e 415
EDE ) R s adis g 1oV o2 (e g3 JS pailad b lan Al &
1Ol gana
A0 sa Al o2 4 el Jualilly R101~R104 3 A5Y) A ganal)
30 )l LelalisR105~R108 A5 s gagall
60 s )l Lelalis R109~R112 43I A ganal)
60 s w3l Llalis (RC105~RC106) RC gsills
rLANY g8 aaad iy sulee AU 2349

TL=12 3)skhaal L@l aaa Lapca &5 13) glaaal) Aailll) ana -1

comaai Nl ) zliay polaadd)l Gl a8 o rpmaadl) ciead -2

Baclgll Sl Jal (e dasal) sl Gl sl
Gy cabiay chhSll (e de 3 Gl ¢ Ladll CaLiSinl (o tBagall dapa 3
Bagad) daal
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A5a3Y) Jana & s cliahlll Aad Juadl waa 53 ,Siall Colaill PUA (e
Gyl dshie e @bl e g (13,11,10,9,8 1 shadll sl

C A yra danl Al ae Ll ()8 Cagus < 50,40,30 :
(GLS —  4adiall dipgll dpajledll dpujpil) gilill) cpu :(1) Josad)
Rgpa dhan Lol ol s Wby LG 600 Geis TS) — SAv

[19,18]

Nu | Instance | BK SR SP-600s Gap
1 R101 1645.79 1696.54 2.991382461
2 R102 | 1486.12 1535.81 3.235426257
3 R103 1292.68 1294.01 0.102781277
4 R104 982.01 1011.97 2.960562072
5 R105 1377.11 1377.56 0.032666454
6 R106 | 1252.03 1298.54 3.581714849
7 R107 1104.66 1151.47 4.065238348
3 R108 960.88 995.14 3.442731676
9 R109 | 119473 1199.51 0.398496053
10 R110 1118.84 1145.63 2.338451332
11 R111 1096.72 1123.19 2.356680526
12 | R12 982.14 1017.21 3.447665674
13 | RC105 | 1629.44 1685.43 3.00952381
14 | RC106 | 1424.73 1450.11 1.742758621
Average percentage deviation 2.407577101

Best-Known Standard Results: B K S R.
The Solution Provided By the Algorithm Is 600 Seconds: SP-600s
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S Asyiiall Anaedl dayldl) o) (1) Jsasll (8 Asimsall Ay yanll pilial) G
bl il aat ¢ dngal) Aaall Cnll G yld 5 slaall Canill Giad oA e
Hally lEl deju Cum o Jundl el Gl AplS) 851 5 Jsine ) e
Gl lsd giling Lay)lsall o38 G Bpsna Beadll CulSy ¢ Juall Jola dlayl e
Cliha) dad Jangia ) 5 ¢ (7) JSAN B mage ga LS Adgyme Dpuld Aiaa
pa)ylsall 3l il cpelily ¢ % 2.41 s Wylidl & Al eVl Al

fmidie G Alad) Ja 8 craales 38 Ll Whall (e LS LSy da sikal
. ;‘.;Y\ U._L'Lu;)
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il 200050 Taiall Ainell Gua) lsall Rpspyal) il (2) Jsaall elays

(GLS — TS ) — SAv Lasial) Lingd) 4paj jlsdll 4 pail) gilidl) :(2) Jgand

119,18] g e dan uuald il ae Lgiliag 2ilt 2000 (paa

Nu | Instance| BKSR SP-2000s Gap
1 R101 1645.79 1661.8 0.963413166
2 | R102 1486.12 1490.89 0.319943121
3 | R103 1292.68 1292.81 0.010055615
4 | R104 982.01 1001.09 1.905922544
5 | R05 1377.11 1399.99 1.634297388
6 | R106 1252.03 1270.85 1.480898611
7 | R07 1104.66 1109.85 0.467630761
g | RIO8 960.88 964.05 0.328821119
9 | RI109 1194.73 1196.97 0.187139193
10| R110 1118.84 1137.94 1.678471624
11| Rl 1096.72 1106.96 0.925056009
12| Ril2 982.14 999.86 1.772248115
13 | RC105 1629.44 1639.88 0.636631949
14 | RC106 1424.73 1437.05 0.857311854
Average percentage deviation 0.940560076

Best-Known Standard Results: B K S R.
The Solution Provided By the Algorithm Is 2000 Seconds: SP-2000s
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A (GLS — TS ) — SAV iasiall Lingl Loa l5al) oy 552l griagy Jabadia :(8) JSill

- Auld A claj s iliiy 466 2000
A 2000 enn Lediall Aimgll dyay lsall Ayl ilill (2) Jpandl jelans
Sysua Bsadll () Jaadl (2) Jsaall e ol (7) JS&) ) I ks DA e
Ajladl adly 3 kil DA ey .%0.94 8 Agiadl Gl dsad Lassic s
() Do pe oo ey )l g Ll lgle Jgeanll &5 ) ail
LDl @AY YW cllll 5 RIOYRIO3.RCIOS bl s
aasall ol Gadl Pl (e Gl Guiaisg Gl Hsse @b S )l
DA Ges ¢ CYA e 288 Tan s ot jglandl) Canll da)jlea o st
) Gl ) slaaall aad) e JEY) U Jolall dae (e a3 258 (i

cdal meat Jeoaall Ll ds g assdll
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