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A study of disinfective effect of sodium hypochlorite

solution on three common pathogenic Staphylococci

species in Iraq

Suzan S. H. AL-Roznanrachi
Biolory Departrnent, College of Science, AL-Mustansiriya Univcrsity,

Bnghdad, Iraq

ABSTRACT

The purpose of this study was to study the antirnicrobial effect of
sodium hypochlorite dilute solutions on the three pathogenic species of
Staphylococci (S. aureus, S. epidermidis, and S. saprophyticus) bytwo
methods (agar diffusion test and direct exposure test).

The results obtained for both tests, tlre agar diffusion test and the

direct exposure test, showed that l-2 % NaOCI have decisive antimicrobial
effects against the three species under stucly in spite of their unusu'al

resistance against antibiotics. Brief discussion was given to explain the

background of that effect. The magnitudc of this effect was influenced by
experimental method, characteristics of the strain and the exposure time.
The exposure time of the three species for suclr dilution rang is less than 10

minutes, which is reliable for hand washing, hand rubbing, and surtace
tests simulating practical conditions, and the use in hospitals surgery hall.
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INTRODUCTION

Staphylococci are among the nrore resistant of the non-sporing

organisms. They grow well in media containing 12Yo sodium chloride, and

some growth occurs in all attainable concentration (l). In pure culture they

resist a concentration of I % phenol for 15 minutes, but are killedby 2%.
Mercuric chloride solution could kill Sitaptrylococcus in l0 minutes (2).

Strains of S. aureus and S. intermedir.rs slrou various appearances on media

containing subinhibitory concentrations of crystal violet (3). When seeded

heavily into plates containing crystal violet diluted to I in 500,000 (w/v)

distilled water the more sensitive strains give a thin streak of purple-stained

growth, and the more resistant give definite colonies that rnay be yellow or
white according to the pigment-forming ability of the strain.

The halogens, chlorine and iodine, as well as the compounds from

which they are liberated constitute a group of chemical disinfectants largely

used for hospital equipment and general industry. The chlorine is used as

disinfectant in its gaseous form as well as organic and inorganic

compounds, e.g. chloramines and hypochlorites, both have a wide spectrum

of action over several bacteria such as Entcrococcus faecalis, Escherichia

coli, Porphyromonas gingivalis and Ftrsobacterium nucleatun, as well as

fungi and viruses (4). Sodium hypochlorite presents antimicrobial activity
with action on bacterial essential enzylnatic sites promoting irreversible
inactivation originated by hydroxyl ions and chlorarnination action.
Dissolution of organic tissue can be verilledby usingthe saponification
reaction of sodium hypochlorite, which destroys fatty acids and lipids
resulting in the formation of soap and glycerol. The mechanism was
dlscussed by of aetlon of rodlum hypoohlorlto bai6d on lu antlmlorobhl
and physico-chemical properties (5-7).

Sodium hypochlorite has advantages such as low cost, low toxicity,
fast sanitary action and effectiveness over viruses and spore bacteria. As
disadvantages, it is pointed out irritation of animal and manipulator's
tissues, low stability for stocking and diI'lrculties in handling due to the
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requirement of active chlorine on the utilization. The presence of organic
material can also interfere with its action.

The purpose of this study was to stucly the antirnicrobial eflect of
sodium hypochlorite on the three pathogcnic species of Staphylococci by

two rnethods (agar diffusion test and direct exposure test).

MATERIAL AND METHOD

l. Samples

Samples of clinical specirnens were isolated frour Central l-lealth
Laboratories, and Teaching Laboratories of Baghdad Medical City. A total
of 60 samples were collected randomly regardless of sex or age of patients.

Staphylococcus species isolated and identified according to the procedure

mentioned by (8-11). They were taken lronr patients with urinary tract

infection (UTI), pyogenic wounds, conjr"rnctivitis, otitis, throat swab, and

bums.classified into three rnajor groups: Staphylococcus aureus,

Staphylococcus epidermidis, and Staphylococcus saprophyticus. The

isolates were maintained on slants of nutrien t agar and stored at 4"C. Sub-

cultures were done every 3-4 weeks on blood agar to ensure its viability.

2. Preparation of the inoculum

i) The organism subcultured on blood agar l8-24 hrs at35-37'C.
ii) The genus Staphylococcus and culture purity was checked accordirtg

to the colonies rnorphology, Grarn Stain. catalase, oxidase, coagulase,

DNase, RNase, and nitrate reduction test (8-9, 1 I ).
iii) A homogeneous bacterial cell suspension (3x108 cells/ml) was

prepared with turbidity equal to 0.5 McFarland (12).

3. Solutions

l. Sodium hypochlorite solutions:
Prepared by diluting with distilled water a solution of 6oh

sodium hypochlorite of commercial grade, adding solid sodiuln

bicarbonate (-12.5 g to each 250 rnl) to bring the final concentration

to 5 o/o (s/V) tr3), and adjusting to the flnal strength of NaOCI to the

following: 0.1, 0.25,0.5, 1 .0,2.0,3.0,4.0 and 5.0 % (13).
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2. Mcfarland standard turbidity solulion:
Mcfarland standard turbidity sohrtion was prepared according

to the following Procedure (12):

i) Barium chloride Baclz.Hzo (1.174 gl dissolved in distilled water to a

final volume of I liter, to make up exaclly ().048 M solution'

ii) I % Sulfuric acid solution was prepared.

iii) Barium chloride solution (0.5 ml) mixed with 99.5 ml of sulfuric acid

solution in glass tube and the mixture'*'as kept well closed in dark place

at rooln temperature.

4. Thc agar diffusion tcst:

For the agar diffusion test,21 Petli pl;rtes with 20 rnl of brain heart

infusion agar were inoculated with 0.1 ml of the microbial suspensions, of
the three species of Staphylococci'. S. auteus, S. epidermidrs' and S
saprophyticus, using sterile loop that were sprcad on the mediurn, obtaining
growth in junction. Five filter paper clisks (9 mm in diarneter) were

irnrnersed in the experimental solutions ftrr I min and then placed over the

brain heart infusion agar medium surface in each plate. The plates were

maintained for I h. at room temperature, and then incubated at 37 oC for 48

h. The diameter of microbial inhibition zone was measured in mm around

the paper disks containing the substances. Controls were done, maintaining
the plates inoculated, for the same tilne periods and under identical

incubation conditions.

5. The direct exposure test:

For the direct exposure test, 5 mm diameter sterile absorbent paper

(Oxoid) were immersed in the experitnental suspensions of turbidity eqdal

to 0.5 McFarland (1.5 x l08cells/ml) of the three species of Staphylococci:
S. aureus, S. epidermidis, and S. saprophyticus, for 5 min. and were then

placed on Petri plates and covered with different NaOCI solutions, or with
sterile distilled water. At intervals of 5, 10,20,30 and 40 min, absorbent
paper points were removed from contact with the substances, individually
transported, and immersed in 7 ml of Nuterint Broth (Oxoid), and

subsequently incubated at37tC for 48 h. Microbial growth was analyzed by

turbidity of the culture medium was measured, or compared with the
measurement of a turbidimeter (HATCH, U. S. A).

4
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RESULTS AND DISCUSSION

The results of the agar diffusion test are prescnted in table- l, the fbllowing
conclusion can be obtained:
l. At a concentration less than 0.5 % NaO(ll, there was heavy growth of

the three species of Staphylococci: .\. atreus, S. epidermidrs, and,S.

saprophyticus.
2. At a concentration more than 2.0 "/o \aOCl, there was very poor

growth of the three species of Staphylooocci.
The concentration between 0.5-2.0 ol, git es poor growth.
Generally ^S. 

qureus showed a sliglrtly more resistance to the

antiseptic effect of NaOCI than 
^S. 

epidcrmidis, and S. saprophyticus.
5. The inhibition effect was at 5 o/o NaOCI or higher.

The results of the direct exposure test are presented in table-2, almost
sirnilar conclusions were observed as the following:

1 . At a concentration at 0.1 % NaOCl, there was heavy growth of the

three species of Staphylococci: S. aureus, S. epidermidis, and S.

saprophyticus indicating weak antiseptic elfect of this solution.
2. Longer exposure time (>20 minutes) was required to achieve good

antiseptic effect for the concentration beloiv 0.5 oh.

3. At a concentration more than 1.0%NaOCl,therewasnoturbidity
observed indicaing very poor growth, or no growth at all, of the three

species of Staphylococci.
4. The concentration between 0.25-0.5 9/o gives poor growth.
5. Generally S. aureus showed a slightly more resistance to the

antiseptic effect of NaOCI than that of S. epidermidis, and S.

saprophyticus at a concentration lower than 0.5 %.

The best perfornance of antimicrobial effectiveness of NaOCI was

observed in the direct exposure test, - I .0 % cornpared with the

concentration of 2.0 % NaOCI for the agar diffusion test. All in vitro
experimental methods have advantages anrl disadvantages. In the agar

diffusion test, the diameter of the rnicrotrial inhibition zone depends upotl

the solubility and diffusibility of the test substance and, therefore, tnay not

express its full effective potential. The direct exposure test is correlated to

substance effectiveness and its direct contact with the microorganisrn; it
seems to be independent of the other variables and appears to be a practical

laboratory test. Generally a concentratiorr that is too low increases the risk
of contamination and the risk of acquisition of resistance to the

5



A study of tlisinfectivc cffcct Suzan S.H.AL‐ Roz:lamacili

disinfectant, and a concentration that is tt,o hrgh increases the cost and the

environmental burden.
NaOCI has an excellent capability,rf tissue dissolution accordillS to

Span6 et al. (la), who studied the solverrt ei t'ect of four concentrations ol:

NaOCI solutions (O.lyo, l.Oo , 2.5o/o an<l 5.0%) in vitro on bovine pulp

tissue, the level ofresidual chlorine pH antl su|face tension before and after

tissue dissolution. He concluded that all concentrations of NaOCI reduced

the pH and the surface tension, and the higher concentrations ol the

solutions had the least consumption of chlor ine during tissue dissolution.

The residual chlorine was directly proportiorral to the concentlation in the

process of pulp tissue dissolution and tltere was residual chlorine at all

concentrations used in this study. Estrela eL al. (7) discussed the mechanism

of action of sodium hypochlorite based on its antimicrobial and physico-

chemical properties. The antirnicrobial elfect of sodium hypochlorite was

based on its high pH (hydroxyl ions action), seerns similar to the

rnechanism of the action of calciurn hydroxide
The high pH of sodium hypoclrlorite interferes in cytoplasmic

membrane integrity with ireversible enzynratic inhibition, biosynthetic

alterations in cell metabolism and phospholipid destruction observed in

lipidic peroxidation. The amino acid chloramination reaction fonrling
chloramines interferes in cell metabolism. Oxidation promotes irreversible
enzymatic inhibition of bacteria replacing hydrogen with chlorine. Enzyrne

inactivation can be observed in the reaction of chlorine with amino groups

(NH2') and an irreversible oxidation of sulphydryl groups (SH) of bacteria
enzymes (cystein) (5).

Thus, sodium hypochlorite preserlts antimicrobial activity with
action on bacterial essential enzymatic sites promoting irreversible
inactivation originated by hydroxyl ions and chloramination action.
Dissolution of organie tisgue can be verilied in the saponification reaction
when sodium hypochlorite destroys t'atty acids and trlglycerldes resultlng ln
the formation ofsoap and glycerol (15).

CONCLUSIONS

From the results of both test, the agrrr diffusion test and the direct
exposure test, one can conclude that I -2 % NaOCI have decisive
antimicrobial effects against the bio-indicators tested (Staphylococci: S
aureus, S. epidermidis, and S. saprophyticus). The rnagnitude ofthis effect
was influenced by experimental method. characteristics of the strain and
the exposure time. The exposure time, of the three species of
Staphylococci, for such dilution rang is less than 10 nrinutes, which is

6
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, reliable for hand washing, hand rubbing, and surf'ace tests simulating
practical conditions, and the use in hospitals surgery hall.

Table (1)

The antimicrobial effect of different concentration of sodiunt
hypochlorite solutions expressed as means of diameter of the inhibition

zones by agar diffusion method
TT1 1

Inhibition zone (mm)

S. sureus S. epidermidis S. suprophyticus

0 0 0

0.10/01   t

O。250/0

0 0 0

2 1 l

0.5%|  | 4 4 3

8 7 8

14 13 13

3.0% 20 18 N.G*

4.00/0 22 N.G N.G

5。0% N.G* N.G N.G

*N.G : No growth.
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Study of Extended-Spectrum B-Lactamases Producing

Enterobacteriaceae in feces

D e p a r t m e n t or J["' :Til Ei fl .[tilT ffi : i L- M u s t a n s i r i y a

University, Baghdad, Iraq

ABSTRACT

This study was aimed to detection of Extended-Spectrum B-

Lactamases (ESBLs) producing Enterobacteriaceae from feces. Twenty-
eight isolates (14%) of E.coli hadthe ability to produce E,SBLs, while 22

isolates (ll%) of Klebsiello spp, 16 isolates (8%) Enterobacter spp and I 2
isolates (6%) of proteus mirabilis were able to produce ESBLs.

Sixteen isolates were selected to study the transferof the genetic

determinants for ESBLs, only one from 4 isolates of Pmirabilis and one

from 4 isolates of K.pneumoniae were able to transfer the gene which is
responsible for ESBLs production, such finding leads to state that the

genetic determinants for these enzymes may be carried (in these two
isolates) on conjugative plasmids.

The results presented here might suggest the increase of ESBLs
production in local isolates.
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INTRODUCTION

The intestinal microbiota, a barrier to the establishment of pathogenic
bacteria, is an important resevor of opportunistic pathogens. It plays a key
role in the process of resistance-genes dissenrination, comrnonly carried by
specialized genetic elements, like plasmid, phages and conjugative
transposons ( I ).

Three biological processes contribute to the accumulation of bacterril
drug resistance: New selection gene epidemics and strain epidemics. New
resistance emerges by (i) Advantaging of the entries species, (ii) Mutation
and (iii) Escape of resistance genes to mobile DNA (2). Extended-spectrurn

B-Lactemases (ESBLs) derived mainly from TEM and p-Lactamases.
These enzymes confer resistance to all oxyiminocephalosporins and

monobactams except cephamycins and carbepems (3).
ESBLs are often encoded by large plasmids that carry resistance

determinantes to multiple antibiotics and spread among the members of the
enterobacteriaceae (4). In addition to plasmid ntediated p-Lactarnase
resistance,most rnembers of Enterobacteriaceae possess chrornosomal Amp
C p-Lactamase (5).

Several studies have demonstrated a high prevalence of bacterial
resistance to commonly used antimicrobial agents in tropical countries
Prevalent genera belonging to have enterobacteriaceae with rnultiple
resistance are Klebsialla, Enterobacter, E.coli and Serratia. The out break
of resistant strains has become critical, especially in hospital, and special
departments where they can be a source of nosocomial infections (6). The
objective of this study was to detect ESBLs production among
enterobacteriaceae isolates.

MATERIALS AND METHODS

- Bacterial isolates: a total of 200 isolates of cram-ve bacilli were collected
from individuals in four hospitals in Baghdad area. Fifty isolates frorn each
of the following:
E.coli, Proteus mirabilis, Enterobacter spp, Klebsiella spp.
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Clinical isolates were identified at the hospital by classical microbiological
method and API-20E system according to (7).

- Determination of ESBLs: it was done according to Jarlier et. al. (8), using
a Clavulanate double-disk diffu sion.
- Bactrial conjugation: it was conducted according to (9), using a standard
of E.coli \/frvl294 as a recipient strain.

RESULTS AND DISCUSSION

In this study, 28 isolates (l4o/o),22isolates (11%), 16 isolates (8%)
and 12 isolates (6%) of E.coli, Klebsiella spp, Enterobacter spp and
Pr.mirabflls respectively, were able to produce IrSBLs, table (1).

Table (1)
,me EnterobacESBLs producet some Enterobacte aceae bacterla

■ B
%

E θο′′ 28 14

KlebsJ`′′α 22

Enterobacter 16 8

Pr滋″αιJ′お
つ

″ 6

Similar results were obtained by Mhand et.al. (3), who reported that the

most frequently isolated ESBl-producing strains were belonged to the

genera Klebsiella, Escherichia, Enterobacter andProteus.

Poirl et.al. (9) isolated the K.pneumonia in 1998 in France from a rectal

swab of a l-month-old girl who was previously hospitalized in cayenne

hospital. This strain harbored a 140-kb non-transferable plasrnid, that was

conferred as an ESBLs.
Yuan et.al. (10), isolated K.pneumoni with highly resistant to third and

fourth-generation cephalospoorins in 1991 from urine. Analysis of a crude

extract showed the presence of three beta-lactalnases that were transferred

by conjugation into E.coli K-12 and were responsible for the resistance to

third- generation cephalosporins and monobactarn.
Results of mating experiments revealed that only of the four isolates

of pr.mirabilis and one of the four isolated of K.Pneumonia were able to

transfer the genetic determinants of ESBLs, to the standard srain, which
indicate that ESBLs production in these isolates are under plasmid control.

rl
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The frequencies of conjugation, ranged from 10'5 to l0'4, table (2). Yuan

et.al. (10), Paterson et.al. (11) and Al-Jeborii (12) reported a wide

spectrum of resistance to p-Lactams, including the new generation

cephalosporins among Enterobacteriaceae isolates and are usually encoded

by self-transmissible rnulti-resistant plasmids that are highly mobile.
Results of the present reflect surrey the increase of ESBLs producing

bacterial infection in Baghdad, and there is a trend of infection of its by
surveillance of the feces.

Table (2)
uency ol con_lu

Freq. ofconjug.

E coli Enlerobucter

2*!O's 1 3*10‐
)

つ

″
1.2* l0-5 2 1.2* 10-5

つ
Ｊ 4.5* 104

つ
Ｊ 3* l0-4

4 3* 10-4 4 2*lo'4

Pr.mirabilis Klesiella.spp.

1 4* 10-4 3.5* l0-5

2 3* l0-4 2 2*10‐
D

3 2.2*lO'4 3 I * 10-5

4 I * 10-4 4 4* l0-5

iusation of selected isolatesF
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Synthesis and Characterization of Mn(II), Ni(ID, Cu(II),

Cd(II),Zn(II),Pd(II)and Pt(IV)COmplexes With 2‐ (1,3‐

benzothiazol-2-yl thio)acetO hydrazide(BTAH)

[Iana Hassan Husscin
Department of Chemistry, College of Science, AL-Mustansiriya University,

Baghdad, Iraq

ABSTRACT

The ligand 2-(1,3-benzothiazol-2-yl thio) aceto hydrazide (BTAH)
was synthesized by the reaction of 2-mercapto benzothiozaole (2-MBTH)
with potassium hydroxide in an ethanolic solution. The product was reacted
with (ethyl chloro acetate) in the same solution and the product reacted
with hydrazine. The complexes of this ligand have been synthesized frorn
the reaction of the ligand with the metal ions [Mn(II), Ni(II), Cu(lI), Cd(ll),
Zn(II), Pd(II) and P(IV)1. Elemental analysis, infrared (lR) spectroscopy,
UV-Visible spectroscopy, atomic absorption, magnetic susceptibility,
molar ratio and molar conductance measurements have been deterrnined. It
was concluded from the elemental analysis that all the complexes have
( I : I ) (ligand:metal) molar ratios. Evidence from IR spectra shows that in
all the complexes the ligand is coordinated via the thiazole nitrogen,
oxygen and exocyclic sulfur atom.

i,atitt

i 2-(1,3-benzothiazol-2-yl thio) aceto hydrazide (BTAH) sL-seXl

(KOH) e-FJrr,-ll 'J "<L-rrlA C. (2-MBTH) cJ;j$:-x -i$y-2 il'tL,-r. o y.:-si

6r l,ora ,.!,.LI .t-Jl 
"l,n rf 

,'';'!...1 :-,,1S l'Jil e eLill oir$. i LrFr Jr,.S !-: qf

C.....- (BTAH) st-SJl altL ,-, ta H-:s: # cJl$Jt t-i .,.y,,_.1t_.g6Jt C- e3bJt 
,.lcLL

- :qr^j LJiL.-Jl 4ijJill d.,,Ej,,-! |

Mn(II), Ni(II), Cu(II), Cd(II), Zn(II), Pd(ll) and P(lV)
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INTRODUCT10N

Therc  are  extensive  data on tlle illtcraction oド  2-nlel・cal)10

benzothiazole(RH)with Various metals(l,2).The CO!1lpleXatioll is

acllieved either by the replacenlent of a prOton l・ olll(N=C― S卜1)o「 (IIN―

C=S)by the llletal or direct coordination with tlle ligalld or lcss likel)'b)

お1・lllation of a chelate stl・ ucturc involving both sulftlr and ilitrogen.

The use of2-mercapto benzothiazole(2-MBTH``1'')as an allalytical

reagent and ol'its colllpleXes in industl・y and llledicille 1las been kno、 vn ibr

a long tilne.The structure ofits colllplexcs with a fし 、v nletal ions have also

been i1lvestigated tising val・lous physical techniques.In oul・ laboratory,wc

havc been recently interested in the conlplexing properties ol'the卜 INCS
group, we t〕 lt it wolth while to atteinpt investigating the stl・ しlctural aspccts

oF the colllplexes of(1)with inetal ions like[Cu(II),Ni(H),CO(Il),Cd(II),

Zn(II),Pd(II)and alsO with Ag(1)and TI(1)](3).

↓

―

α
XS

c。 _   (1)
|

/

Structure of[Co(MBT)C]2

(2)

|

/(

)Co(≧
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Synthcsis nd Chaincte riz.a(iolt of llarr:r llasslrt I lttsscitr

BXPBRIMENTAL

Apparatus

The IR spectra of the cornplexes wcre recorded ll'orn 3 to l6 pt with a

Perkin Ehner Infrared Spectrophotornetcr l ype 5808 using the Csl disc

technique. Magnetic susceptibility ttlcasulernents (Faraclay's Mctlrode ) at

room temperature were performed using stirndard instt'utrelltation Cohr-r

2000 (0.00 I rng) electrobalance. Electron ic spectra were recorded orr

Shilnadzu UV-Visible recording spectropltotoureter UV-160 ( 200-800 nm ).

The elentental analyses (C.H.N.) wel'e recorded on (Carlo-Erba rlricro
analyzel typc I 106).

C henr ica ls

All chemicals used to prepare thc ligand and their courplexes were

ti'om BDH and Fluka.

Synthesis

l. Preparation of ligand

a. Potassium salt

To a mixture of (1.67 gln, l0 mmole) of 2-mercapto benzothiazole
and (0.56 grn, l0 mmole) of KOH, (30 ml) of super dry etl.ranol was added

with stirring at warrn temperature for (l 12 hr). while suspension solution
obtained a solution of ethyl chloro acetate (1. 125 gm, I 0 rnnrole) dissolvecl
in dry ethanol added slowly at room tcmperature. The resulting nrixturc
was refluxed for (l hr) and evaporated under vacuull to about hallofthe
oliginal volulne, and cooled. A pale yellow precipitate was obtained. Thc
product was left overnight and then filtered, washed with cold distilled
water to obtain white precipitate. Recrystallization tiom absolute ethanol

gave a white crystals (l gm, rn.p.40'C).
lr.

To (2.67 grn, 10.4 rnrnole) of hydrazine hydlatc in a round llask
fitted with a short reflux condenserwas added (2.53 gm, l0 mmole) ol2-
MBT ethyl ester drop-wise (portion wise). 1'he mixture was heated gently
under reflux for l5 minutes. Thenjust enough absolute ethanol was addecl

through the condenser to produce a clear solution and reflux was continuecl
lbr a further (2-3 hrs). The ethyl alcohol was distilled ofl'and the resulting
mixture was cooled and crystals were llltered off and recrystallized lionr

18
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cthanol, aqLleoLts ethar-rol or fiorn water.

scheme I (4).

reflux for 3 hr

Vol. 16, No. 3, 2005

t he synthetic route is sltoutt itt

rel'lux lor I hr

S

NO
\ll

)S-CH;C-NI I-NH''

e[>', + KoH - > e[:>'- + Ir,o

〔〔:〕〕〔::〉‐S― CI―12-:―Et
CICHっ COっ Et

Scherne I

2. Preparation of ntctitl complexes

a. Complexes with Ni(II), Cd(Il) and Cu(ll) ons

The complexes were prepared by direct interactiorr between the

metal chloride (1 rnmole) and BTAH (l murole) using etl-ranol as solvent.

The resulting mixture stirred at (40 "C) 1br (1 hr). Then frltered and

recrystallized from a tnixture of (DMSO:ethanol) (30:70).

b. Complexes with Mn(II) and Zn(II)

A solution of (1 rnmole) of the ligarrcl (B'lAI-l) dissolvecl in ( l0 ml)

of absolute ethanol and (l rnrnole) of trar-rsitiuu tnetal salts dissolved in (10

rnl) of absolute ethanol were mixed. The resr"rlting mixtlrre was refluxed lor
(5 hrs), cooled, flltered and recrystallized lj'onr hot absolute ethanol.

c. Pd(ll) Complexes

'fhe complex was prepared by rnixing a solution o1'(l trrtuole) ol'
ligand and a solution of PdClz and NaCl (1 nrrnole * 2 tltlole) to obtain a

pale brown precipitate, recrystallization fi'om hot absolute ethatrol afforded

a fine brown powder filtered and dried.
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d. P(IV) Complexes: -

A solution of (l mmole) of the ligand (BTAH) dissolved in ( l0 rnl)
of absolute ethanol and ( I rnmole) of K2PtCl6 dissolved in mixture ol'
(ethanol:water) (50:50). Then the mixture was refluxed tbr (l hr), cooled,
filtered and recrystallized frorn a mixture of (DMSO:ethanol) (30:70).

ITBSULTS AND DISCUSSION

The analytical data as is shown in table (l) indicated that the M:L
stoichiornetry was l:l in all the complexes. The lR spectnun olthe BTAII
exlribited bands at 3319 crn-r, 3202 cn-t,1652 cm-r, 757 cm't and 128 I crn-I assigned to the stretching viblation olNH2, NH, C=O, C-S-CH and C-N-
C stretching vibration respectively (5). ln the IR spectra ol all the

courplexes these bands appeared at lower wave numbers about (5-25 cnr'r),
(5-20 cm-r) and (8-25 crn-'1 for the NHz, C:O and C-S-C group stretching
vibration respectively (6,7).

New bands were observed for the coordination (N4<-Nl-11). (\l<-O-('),
(M-S) and (M-Cl) bonds appeared in the regions (470-420.m''1,1560-500
cm''1, 1400-350 cm-r) and (3 l0-250 cm-r) respectively (7,8).

As shown in figure (l), the rnagnetic mornent values of the Mn(ll)
complex is (5.95 B.M.) and the electronic spectruln of Mn(ll) conrplex
showed band at (16393 cm't\, 1ZZl27 cm-r) and (28571 crn'r) assignable to
uA' 

->oT, rot, 
uA' --> tE, 

, 
oA,,o,, and 64.1 ---> oE1oy, l'espectively supported

the tetrahedral geometry (see figure 1 ).
The magnetic moment values of the Ni(ll) and Pd(ll) are

diarnagnetic, indicatin a square planer geornetry (9). The electronic spectra
of the Ni(ll) and Pd(ll) complexes showed band in the region (420-450
nm), which are observed in the diffuse reflectance spectrurn ol the

cornplexes for the transition tAre ? 'Ar*, 'A,* - 'B,*, and rA,, -+ rE*

respectively supported the square planer geometry (see figure I ) ( 10, I I ).
The Pt(lV) complexes exhibit three bands at around 21276,25157

and 263 16 c,r-' due torAl* - 
lTze, lAr* ) 3T1*, andrAl* -+ r'[',.,

tlansitions respectively in an octahedral geornetry ( I 2 ).
The rnagnetic rnornent value (tr6n : 1.89 B.M.) fbr Cu(ll) cornltlex

corresponds to one unpaired electlon. The electronic spectrurn ol'the
complex [CuLCl]Cl shows one band at (470 nrn) attributable to rBre -) rE."

transition in the sciuare planer geometry ( 13,14).
Zn(ll) and Cd(ll) complexes wel'e all diamagnetic. The electlonic

spectral measurelnents of the cornplexes were not useful (8,15 ), (see tigure
r).
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Synthesis and Charactcrization of

Table (3): Electronic transition of (llATtl) and its nretal conrlrlcxes '
at 298 K

Compound Wave number (cnr-') Transitiorr

CeFIeNTSuO (llATI-I)

22620

26540

32100

32500

n一 ‐ π
*

π ―→レ π
*

[Mn(BATH)Cl]CI

16393

22727

28571

uA, 

-> 
*T,r,,,

t'A, --*'E1, 1A11,,,

t'A, --* tlr,,,,

[Ni(BATH)Cl]Cl
23000

26000

'A;,. -j, 'A2u

'A,*---1 'B,u

[Pd(BATH)Cl]Cl

19607

22472

24242

'A,* 
->'Ar*

'A,* --t 'B,*
,A,* ___; ,E*

[Pt(BATH)C13]CI

21276

25157

26316

'A,*-> ''Tr.

'A,* -- 'T,*

'A,* t'T,*
[Cu(BATH)CI]Cl 21053 ZB18_引

卜
」
E=

[Zn(BATH)CI]Cl
31800

30674
Charge transfbr

[Cd(BATH)CllCI
30487

31700
Charge Lransler

llarr:r I lassan I Iusse in
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Analysis Comparison Using Satellite Channel Imagcs
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Univcrsity, Baglrdatl, I rac;

AI}STRACT

In this study we discuss the TV-irrrag,-'quality of Al-Jazeera channel
(extracted fiom different satellites: Arabsat, IJotbird, Nilesat). 1'he arralysis
of our work based on using sobel edge tletcctor and dc-terrr.rirrc' tltc anrount
of edge in the RGB-bands ol'the irnage extracted lrorn the three satellites.
Besides, histograrn was used to deterrnine thc distributiorr of RGB bands ol'
the color TV-irnages. Tl-re results explain that the images of Arabsat
channel better than Hotbird and Nilesat.
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INTRODUCT10N

Today, satenite services such as E)ISI―l and IDil・ cct‐
″
「 V nlakc LiSC 01｀

digital reccivel・s that are,in e■bct,specializecl conlputel・ s,Pro3ressiVe l・ adi0

and TV stations have all‐ eady switched ovcr to digital si31lal prOccssin3.

E)igital receivers received television  signals using digital ratller tl´ lan

conventional analog methods(1)。 Anal()g tl・ ansmission is in the lbrnl ol｀ a

constantly variable wave;digital transnlisslon consists ёl'an elcctl‐ ical pulse

、vhich has two possibilitics:on and off(01・ positive and negative),、アhiCh al・ c
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rclll'cseuted by a one and a zero (this is rinary data. tltc sartre t\ pe ()l'
infbrmation that a contputer understandst(2) sec llg ( l).

Because a digital signal does not ll,rctuate, but is cithcr pcrlbcrl)
intact or totally absent, a digital transmission is nrole precise than an analog
transurission. Although both signals are transmitted in the sarre basic n,al
arrd have the sarrc range, tlrey behavc dill'crcntly at thc liurits ol'thcir.
l'a11ges.

The purpose of this project is t() study the characteristics ol'thc
channels that received frorn different sarelliles (same channel). 'l'V 

irna-qes
taken fi'onr 'l'V tuner card (Mer.cury) contrcctin-q to the sarcllite receiv,_,r
(nretabox). In irrrage processi'g, color indices, br.ightness (intensitl,) anrl
cdge elements were used lbr the extractiorrs ol inlbrnrarion on te Ic'r,isio,
irrages using the RcB image. ]'rvo i,rages havc bcc. acloptcd trr
denronstrate the Analysis eftect. Each .f rirese irnaqes is capturr, in tlrc
salue urourent ll'onr three satellitc chanrrels. '[hc thrcc ciata sourccs arc
(Arabsat, I-lotbird, Nilesat) satellites.

The next sections give a gene.al or ervicw of the Analy.sis rech,iclues
arrcl what will be achieved, then irrtroduced results. Finally the conclusions
are outlined.

Fig. (l): lllustration shorvs the analog signal and digital signal (3)

l. ltcI] Images Dclined

An RGB image, sonretirnes referred to us a truecoror irnage, is store<l
as an (,r x n x 3) data array that der'ines red, grcen, and br.re- coror
corrponents for each individual pixel. I{GB inrages do not usc a palcttc.
The color of each pixel is deterrninecl by the e onrbinatio. ol'thc r.",1, gr""n.
and blue intensities stored in each col.r Prane at the pixel's loJati,n.
Graphics flle formats store RGB inragcs as l4-bit ir,ages, r'herc thc rr.d.
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green, and blue cou'rponents are 8 bits eaclr. This yields a ltotential ol' l6
nrillion colors. The precision with which a real-lifb inrage can be replicatecl
has led to the commonly used tenn truecolor ir.nage (4,5).

2. Irnagc Analysis Techniques

In this study, we analyze the clrannel irrages by adopting eclgc

detection and histogram of three-color bantls, and deterrnine tlre inragc
edge rates.

2.1. lmage Edge Detection

Edge detection, is based upon thc detectiort ol'local cliscontinuities
which rrair-rly correspond to the bounclrries ol' objects irr the interge. An
edge, also known as a discontinuity, in a signal is r.rsually delirrecl iis ir
trarrsition in the intensity or amplitude ol'that signal (6). In our project wc
select Sobel edge detection techniqr-re fbr ln applicatiorr.

Sobel filter atternpts to frnd edges in the itnage, wltere edge is a
location where the pixel values change abluptly. It is possible to detect
vertical or horizontal edges, or edges in all directions. Sobel edge detection
method given below has the advantage of emphasizing the ccntral part ol'

the edge (7). The Sobel 3 x 3 ternplates are nornrally giverr as the other'
gradient operators, X and Y directions can be irnlrlenrerrted irsirrg

convolution masks;

X-direction

-1  -2  -l

0  0   0

1  2   1

Y-dircction

-1  0

‐2  0

-1  0

Wl-ren original images are well contrirsted and noiseless, this is tlre
best-adapted nrethod to edge detectiorr (8,9).
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2.2. lmilge Histogram

An image histograrrr is a charr th rt shou,s thc distr.iburtiorr ol'
intensities in an irnage. Each color leve'l i: r'el,resentecl. as a poirrt 9r.r x-.ris
and on y-axis is the number ittstances colr,r'ltvel repeats irr ihe irna-ec (10).
It displays values based on their level olbr iglriness, on the x-axis IL.or, cl,rk
(0) to bright (255). They-axis representr rht.total nunrberol'pixe.ls in the
irnage witlr that level of brightness. Yorr crrn see Histogranr tor all ItGI]
irnage parts or for R, G, or B separately. Aiso .,'ou can see onl,v the irrtcrrsity,
histogram. (Which rnerge the RGB to one irr.al.,h) ( I I ).

What Flistograrn sltows, Histogranr 'An tell us n'lan),tlrirrgs atrgut thc
itnage, about the processing already clor-rt on the irna-rte ancl allo about tlrc
device (digital cantera, tv. ...etc). First l,,ok at the x-ixis. 't'his 

r-cpr.e sc,is
tlre clynalnic l'erllge 0-255 (dark-bri-rrht). hr ra,icle'r' is tlre lristour-{.r,. thc
bettel' is tlre dynalrric rangc ancl that n'lcilr j a ,o irnagc g,itlr bcttcic.r.rtr.,st
( l2).

2.3. Statistics Measurements

The intensities of edge eletnents are calt'ulated by takin_e the average
edge data rate in RGB images extracted trr olrtain the test cla"rity chaltnel.
This was achieved by using the following argorith,r:
l. Perfonn sobel operator on the RGB-inrag" bands.
2' Calculate the no. Of edge poirrt in each .olor bands. Tlren cleternrirre

the rate of edges in each band.

Tabie(1)
verage edge rate in I

Al-Jazeera Im
Region Arabsat I

Itcd 0.12

Green 0.093

Blue 0.109

Fighter Ima
Region Arabsat
Ited 0. r5

Green 0。 !04

BIue 0.151

'othird 0.104

け.0ヽ 4 0.081

1).0り 7 0.095

ge

Hotl)ird

0.136
().l()2 0.099

CdA

:rgc

1).11)5

().139

0.ll

Nilcsat

Nilesat
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Red-edges

Fig。 (3):Original fnghter images and tlleir RGB edgc arcas
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EXPERIMBNTAL RESULTS

Recent research comparison betwecn the TV-irnages tl'oln Al-Jazeera
channel extracted fl'orn different satcllites (Arabsat: with F EC:3/-l
SR:27500 Frequency:11662H, Hotbird: with FEC:3/4 SR:27500
Frequency:|z197V, Nilesat: r,r'ith FEC:314 SR:27500
Frequency:lzl49V).

Two irnages have been adoptecl to demonstrate Image Analysis
Techniques ef'fects, these are:

Al-Jnzeera Flag Image: true color image with 24bits per pixel.
The Fighter Image: true color image vr ith 24bits per pixcl.

The original images and their RGB eclge rrreas are illustrated in Figs. (2)
and (3). lt sl-rows that the rnost irnportant leatures (edges) find using the
Sobel operator. All these irnages have Lrselul details, because they dcnote
that the Sobel operator has good ability to deterrlining the structure
irrfbnnation. We assiure tl-rat the original images and RGB areas of the
(Arabsat) satellite channel has sharp eclges and defined the srnall objects
that are placed very closely togetlier in summary batter than Another'
satellite channel images (Nilesat&Hotbircl).

h-r Figs. (4) and (5) the histogranrs rcsults by this techniques ol'the
original irrages and their RGB areas arc illustrated respectively. Tlie
Itistograrns of the (Arabsat) (RGB arcas) images have exparrd a wide
range, while the histograrrs of the (Nilesat&Hotbird) (RGB areas) irnages
have narrow range.

According to the quantitative measurements given in table ( l) in
which the RGB regions were examinecl. l'he results can be discusses as

I'ollows; Arabsat images gave high averagc edge data rate than that of tlie
(Nilesat&Hotbird) intages. Also, Hotbird irnages gave high average edgc
clata t'atc than Nilesat images but less thirrr tlrat of thc Arabsat inutgcs.liont
this table and histograms can cor-rclude th..: image guality can be put in
ttrdet' as Ibllow fi'oltt bcst the worse (Arat'r'rat inragc, I-lotbird inra-e,e, therr
Nilesat irnage).

CONCLUSION
'fhe suggested technique fbr estimate amount of irrfbrmatiorr irr

RGB-bands in TV-channels for diffbrent satellites, give high ability to
extract irnage information based on image edges. Also, resolving the llrre
details. The results show that the high avcrage edge data rate o1'Arabsat
satellite channel irnages mean they l-rave the better quality.
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Scheduling Two Job Classes on a Single Machine to

Minimize the Total Weighted Completion Time

Kawa A. Abdullah
Departnrent of Matlternatics, College of Science, University of

Salahaddin, I ratl

AI}STITACT

We examine in this paper the scl erltrling o1' tt jobs olt a single
rtrachine, where the jobs are partitioned into two classes, and a set-Lrp titne
is necessary when there is a switclr tiorn orrc class to thc othct'class, also a

set-r.rp time is necessary when the job i'; tlre flrst to be processecl. Our
objective is to find a processing order of the jobs that n-rinirnizes the sunr of
the weighted cornpletion time's problem. -l his problern with unit weights is
solved in O(n2) time by a well known dynamic prograrllming algorithm.
The sum of the weighted cornpletion times is solvable in O(n3) dynamic
progranrming algorithrn. We give a new sinrple expression for the surl ol'
the weighted completion times problern, and nrake use of this expressiort to
clerive arr O(n2) dynamic programming algorithur, whicl-r is superior to the

O(n') algorithrn and a generalization to the O(nz) algorithm.

4r.ayijl

iir -l; aiSU,,Js (JObS) ,.al rl3l J^ n 9#-tr a*,1;.1 ,''-t\l lr,o d Url-

(Set-up time) JLiliYl ,", ij (,v,--JicJ^+-o Jt q**,* crLl-rll .(Single Machine)

gr.Jt e N f :-rJ; JL6iiYl $, 'toi ,dil 4-e r^-- J 4s.J^+^ u^ JliliX ,g-tsy

tJ-+-Jl -'JJ--il .fl+Eill &yf !$Jill .rL-,J -* drJl l.o ..r. -iJdl .Y*ei .S,
i;\ --9,1 al'Ut ora .(Sum of the weigl-rted cornpletior-r times) e1^.,)l c,l!3Y .f-.,:ll

+-;!^t4r a-.-.p ++j-,rle+ iJ-J-- (o+-yt .),rJ kl :\+LrJl 6;^;) e lii JS] t:-:13 ;;,
,", 63,r i-i3;r- t+S*^t+l c+-f c+.jJl3i 4lJ-. ftc JiS^i., al"t".*:f ,O(n') .iii9 +ij;,,-

fl--.^lYl crlii3Y .ijll tJ +^ll al'iJ (f** j-rG) 1 .,..,, yri i+, ii L,l"l-l .O(nt)

Lf*,;;Jr^Jl 4jL-.,*il Jt=l i-.6-ut-r.,r a+-: a+^-t-,lr- rL.) -'+iijl l- .r;.:tsr^,Yl9
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,"--;^,-',J O1n3; c;, LJ..,"ll i--+"jJlJ'.ll ;r..p.:l !.j-,rlr- r:i r O(n t) *r,
.O(n 2) s, al o-ll iJ.jJlFll

INTRODUCTION

The problem of scheduling n jobs orr a single rnachine is consiclerccl.
where the jobs are partitioned into trvo classes, a set-Llp tinte is incurrccl
whenever there is a switch frorn a job ol'orre class to a job of another.class,
also a set-up tirnc is needed betbre the lir .,t job that is scheduled. Job i (i :
l, ..., n) becomes available fbr proc,.ss,ng at tinte zero, eaclr job i has a
positive processing time t i and has a po ,itive x,eight w ,. Dis.ioint subsets

N1 and N2 definc the paltition ol-job, ir,to two classcs. 'l'he nraclrine carr
process at rnost onejob at a tinre, and canntrt perfontl any processing whilst
under going a set-up. The objective is to find an order of tlre jobs with atr
associated completion tirne C for job i (i = l, 2, ..., n), which minimizes
the surn of weighted completion tirnes.
As an example of the problern that involves scheduling and classes, Ahn
and Hyun (l) describe an application in thc manufacture of sreel pipes. The
rnanufacture process for pipes requires the use of rolling rnachine, where
the roller depends on the outer diameter olthe pipe. A change in the roller
corresponds to a set-up. Thus, order for pipes with the sarne outer diarneter
lie within the sarne class in the model. A second exarnple is described by
Monma and Potts (2) in which tasks arc scheduled on a cornputer. Each
task has a requirement for a particulal cornpiler to be resident in the
rnemory betbre it is executed. All tasks, rvhich require the sarne cornpiler,
forrn a job class, and, where necessaly, a set-up loads the relevant compiler.
into rnernory in preparation for the next task to be executed.

When set-up times are zero, the problem is solved in O(n log n) tinte
by sequencing the jobs in Shortest Weighted Pr.ocessing Tirne rule
(SWPT order) (3). For the sum of cornpletion rime's problem, Gupta (4)
pl'opo!6i Bn Elgoflthlr, whlch rcqulror O (n log n) rlrro. I{o clalnrs that lr
gives an optirnal solution, but Potts (5) shows by using a counter exarnple
that the algorithm of Gupta fails to generirte an optimal solution, Ahn and
Flyun ( t) derive an O(n') dynamic prograrnrning algorithnt lbr lhc sLrnt ol'
the cornpletion times probleln. Monma anrl Potts (2) use an O(nr) dynamic
prograrnming algorithrn for the sum ol the weighted corrrpletion times
probleln. Potts (5) derive an 0(n3) dynarnic prograrnrning algorithrn tbr the
same problem. In section 2, we give a new sirnple expression to evaluate
the overall contribution to the sum of weighted cornpletion tirne's problent.
In section 3 we give a description of Altn and Hyun and Monnra and ports
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dynarnic prograrnming algorithrns. Our dl nanric progranrniltg algorithrn is
also presented, and some concluding remarlis are given in section 4.

A simplc expression

ln this section, we present a simplc expression lbrthe sunr ol-thc
weighted cornpletion times problem (sec (6)). The derivation o1'the
expression uses the following observation of Sahrrey (7), based on tlie.iob
processing order o: (o(l), o(2),... ,o(n)), a vector(S"rr)r So(rr, ...,S",,,) ol
corresponding set-up tirnes is easily constnrcted: the set-urp time requifecl
irtrnrediately befbre the processingof .folro(i)(i : I,?....,1'l) isgivenby:
S.(r) : sr(s:) is the set-urp tiure o1'the Ilrst.ir,[t:

s,(s,) if i >l,o(i -l)e N,
(l/, ) utrtl o(i) e N, (N, );

olherwise

Where N1 and N2 are two classes ol'jobs and s1 and 52 at'e the set-r-rp
titnes of these two classes respectively. The sunt ol' the weighted
cornpletion tirnes for o : (o( I ), o(2), ... ,o(r-r)) can be expressed as:

―

く
―〓

i

I P"rircor,, : I (W - lwoti-r, )(s,,,, f /.,,,,)
ieN i=l

Where W=Z rei,woloy:0,N: {1,2,..., n}.
ieN

….(2.1)
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Thus by scheduling job o(i) in position i of the sequence, its over all
contribution to weighted surn of-cornpletion tirnes is observed to be:

)(S。 (′ )+tσ (′ ))

Note that equation (2.1), carr also be used lor the case of no set-up
titnes. This nreans that if we order the jobs b1 using SWPT rule arrcl wc get
the sequence o, then the value of this secprence can be obtained by Lrsing
the R.H.S of equation (2.1). Also it shoulcl be noted that this expression is
rrsed fbr the t'irst tirne in (1). Let us shorv lrow expression (2.1) worl<s by
giving the following example, consider the problem with 4.lobs dividecl
irrto two classes Nr:{ 1,4} and Nz:{2,3), processingtimes ar.e t.1:1, tr:2,t.i:
J and ta:10, weights zrew1:3,w2=8, )?j:l andwa:6, with set-up times fbr
botlr classes to be 2. The jobs in the two classes are sequenced in SWPT
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order (4). Suppose the schedule o is (1,2,3,4), then by usingequation
(2. 1) we have:

(たΣ"“′1))(S“ゎ+t“4)=18(2+1)■ 15(2+21■ 7(2》6(2+10)=200
′‐l

″
，

し
〓

Dynamic progranrming algorithms

In this section, we describe dynarnic prograrnming algorithrns lbr
rrrinirnizing the sum of the weighted cornpletion tintes problern, the
algorithrn of this problem with unit weights is proposed by Ahn and Huyn
( l), which requires O(n2). the algorithnr ol'Monrna and Potts (2) fbr tire
surn of tlre weighted cornpletion tirnes problem is solved in O(n{) tinre, the
algorithrn of Potts (5) is superior to that ol Monma and Potts, since ir
lequires 0(n3) tirne.

The dynamic programrning algorithm tbr the total \\'eightcd
colnpletion tirne problern, which we proposed is superior to that olPotts (5)
since it requires O(n2) tirne, and a generalization to that of Ahn and llyun.

Let N1={i,,...,i, }, where t,, lw i, <, .... Sl,, lv,,,, and N:=lj, ....j, ).

where tr, lw,, s, ...,, <t,"1 w,". In any optimal solution Morrrtra and Potts

show that jobs of N; and N2 are seQuenced in SWPT order. Thus an optintal
solution is obtained by a suitably merging of the jobs.

Ahn and Hyun Dynamic Programming Algorithm

We now describe the algorithm of Ahn and Hyun ( l) lbr nrinimizirrg
the surn of the completion times, their dclivation uses the observation ol'
Sahney (7), which is based on thejob processing order o = (o( l), o(2), ...,
o(n)), a vector ( So,,,, So12y,..., s",,,) of corresponding set-up tirnes is easily

constructed: the set-up time required imrnediately before the processing of
job q(i) (i- l, 2 ,..., n ) is given by:
s"rr) = sr(s2) is the set-up tirne of the first job:

I r,(r,) ili>l,o(i-l)e N,
s",,, = I (N,l ond o(i) e N, (N, );

| 0 olherwise

Thc sum ofthe COinplction ti:lles ofcl can bc expl・ esscd as:

ΣQ(′ )=Σ (n■+1)(S“。+′

“
。)

,‐ |         :‐ :
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seqLrence, its overail contribr-rtion to the sum
observed to be ( n-i+l ) (so(,r*/orrr).

(i : l,2o ....11)ol'thc
of completion tinres is

The dynarnic programming algorithm cornputes ./'(n,, n2, b), which
represent the Ininimutn total overall contribution to the sum of contpletion
times when n; jobs from N1 and n2jobs trorn N2 are schedr.rled, and b is
either I or 2, which irrdicates that the Iast scheduled.iob is citlier' fi'ont class
I or class ? r'espectively. Il'we take the statc (r.r1, n3. l), rvhcre n1 > l..lotr
i,t is sequenced last. l'he previous statc is (n1-1, n2, l) or'(ns-1, n,,?.;.

Surppose that n1* fiz>2, i1'(n1-1, n",, l) is the previor-rs state tlten no set-ur1-r

tinte is required befbre job i,,1, so its overall contribution to the surn ol'
conrpletion times is (n-n1-r2*l)/,,,, .lf the previous state is (rr1-1, n2,r)then

a set-up s1 is required, so its overall corrtributiorr becornes (n-n1-n1-1- l)
(sr*r,,,, ). Now to evaluate the contribution of the state (r1, l1r. b) lbr'

r1*1,>2, we first compute M : n-nr-rl*l and then apply the lbllou'ing
recursion:

./(n,,nz, l): rnin { "f(n'-l,fl2, l)+M1,,,,,./(rr,-l,r'12,2)+ M (s1*/,,,, ) l;
.f (nt, n2,2): rnin { f t"r, flz-l ,2) + Mt 

.i,,., ,.f (n,, hu-1, l) + M (s2*/ 7,,, ) };

Thus by scheduling job o(i) irr position i

where

are set

-f (1, 0, l): n (sr * t,, ),.f (0, 1,2): n (sr* tr, ), and all other values

to infirrity. The rninimurtr surl of cornpletion tilnes Ibr alljobs is:
rnirr {/'(p, q, l),./'(p, c1, 2)

We now discuss the complexity of this algorithnr.'fo obtain an SP'l-
ordering of the.iobs of N1 and N2 recluires O(n log n) tiltre. Sincc rr,. { 0, l.

p ) and n2e'{ 0, l, ..., g } and b. { 1,2 }, the nurnrber ol'srates is

2( l+pX I +q). For each state, the corresponcling recursion ecluation is solv'ecl
irr cotrstant time. Thus, we use the inequalities p<n and q < n to deduce that
the algorithrn requires O(n2) tinte.

To illustrate the algoritl'rm, we solve tl-re I'our job probleln given
above with unit weights. Initializations sets are/( l, 0, l) : I 2,./-(0, l, 2) :
16. Values./(nr, n:, b); (b:1,2), fbr rrl*p,>2, which are conrputed fi'onr the
recursion equations are shown in Table l. The rninirtrun-r sLllt'l ol'
completion times is min{ :s, +l }: 38. IJacktracking shows that rlie
optirnal sequence is (2, 3, l, 4).
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Table l

Solution of the recursion

(nЬ n2)

(0,2)     (2,0)     (lJ l)

frlr the exanrple

Karvl A. Abtlullah

(2,l) (2,2)(l,2)

./・ (nh n2,1) ∽     42 25

,/'(rr11,

Monma and Potts Dynamic Programming Algorithnt

The dynarnic programming algoritlrrn of Monrna and Potts clellrrcs a
recursion on values g(nr, fl2, ln1, ln2, b), which represent the nrinintunt sullt
ol' weighted cornpletion tirnes when nsjobs from Nl and n2 jobs ti'ont N3

are scheduled using mt set-ups requiring time s1 and m2 set-ups recluiring
time s2, where b e { l, 2 } indicates that the lastscheduled job is fronr
subset N6. Now consider states (n,, n:, ln1, lrr2, b) for certain restricted
values of m1 and rn2 which are deduced from the following arguntents.
Since each set-up tirne s1 irnrnediately fbllows the processing of a job of N2

and irnmediately precedes the processing of a job fi'orn Ns, w€ have
rx1<rrin{ n,, nz }smin{ p, q }; sirnilarly, ffi2<ffiio{ nr, n: }<rnin{ p,

q)
In the partial schedule coresponding to state (n1, r12, rnr, tn2, b), the

completion tirne C of the lastjob is computed fiom the surn of processin-e
times of scheduled jobs and the sum of set-up times in the partial schedule
using:

384528

C=Σ′′1+
″=1

lT1151 * 9115,＋
・カ

′，２），“
＝

Now to evaluate g(ni,n2,ml,m2,b),fOr ni+n2≧ 2,Arst conlpute
C and apply the foHo、 ving recursion:

g(nl,n2,nl:,ll12,1)=11lill{ g(1l l-1,n2,lll!,n12,1),3(11:― l,n2,nll― l,in2,2)}+IP′′′iC,・
g(n:,112,111:,ll12,2)=min{g(nl,112~l,111:,n12,2),3(niっ n2~1,In!,n12~l,1)}十 ″ノ′ゎ('「

where g(1,0,0,0,1)=wl(Sl+′ 1),g(0,1,0,0,2)=″ ノl(S2+′ノ:)and
aH other values are set to inflnity. The lninillluin sum of weighted

compledon times for alljobs is g市 en by the smallest values ofg(p,q,nl:,

:l12'b)・
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The time cotnplexity of this dynarnic progran'uling algorithnr is
analyzed. lf the current set-up tirne is fbr a job of N1, ther"r tlris is either tlre
f irst set-up or the previous set-up is fbr a job of Nz. Thus if b: I , then either
ll12: trr or ln2: l1'r1-1. Since n1e { 0,1,...,p }, n:e { 0,1,...,c1 } arrcl

lt'lr€ { 0,1, ..., mirt{ p, q } } fnus the clynanric prograrrrrrir-rg algorithnr
has at ttrost 4(l+p; (l+q) (l+ min{ p, q }; states, sipce thc rccursiorr
equation for each state is solved in constant tinre, we use p < n iirrd ci < rr

to deduce that the tirne requirement fbr the algorithnt is O(nr; . l)otts
irnproved the O(no) time complexity of thc Monma and Potts algorithrtr by
restrictingthevaluesofm.andtrr,sothat'1nl,_m..,|<

I;inally, we concludc this scction b1' solvirrg tlrc cxarnplc givcn
above. Initializations sets are g (1,0,0,0, l)= 9 and g (0, l,0,0,2):32.
The values g (2,0,0,0, l):87,g(1, 1,0, I,l)=53,g(0,2,0,0,2) :38
and g (1, l, l, 0, 2) :65 are cotrrputed. The solution ol'the recursiorr ol'
other states is shown in Table 2. It is seen fi'om the bottonl row ol"fable 2
that the minirnum sum of weighted cornpletion times is 176. Bacl<tracking
shows that the correspot'lding optirnal sequence is (2,1,4,3).

Table 2

Solution ofthe recursion for the exalnple

(ln l,1■ 2'b)
____(0,1,l)  (l.0,2)  (1.1、  l)  (l.1、 2)  (l.2、 1)  (2. |.2)

8(1.2、 nl:、 1112

3(2、 l,nl.1112

1(2,2.nll迎 2:

,b)    65

,b)    155

74       ∞

223      179

ib)    179      242      2o0

∞       ∽         ∽

176      202       202

64

New Dynamic Programming Algorithm

We now discuss how dynamic algoritlrrn is used to solve the sum ol'
the weigl-rted completion times in less tirne than that of Potts dynatnic
progralntning algorithm by making use of Ahn and Hyun algorithnr and the
new expression.

The dynamic programtning algorithrn recursively conrpute values /'
(n, , nz ,b) which represent the minimurn total overall contribution to the
sum of weighted completion tirnes when rrljobs frorrr N1 and rr2 jobs
fiorn Nz are scheduled, and b is either I or2, which indicates that the
Iast scheduled job is from class N6. The recursior-r is derived I'r'orn the
fbllowing observations. h-r the partial schedule correspoltding to state (n1,

r12, l), where n1 > l, job i,,,is sequenced last. The previous state is cither
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(n1-1, n2, l) or (n1-1, n2,2). Suppos€ thrrr rrr*nr >2, if (n1-1, rr2,l)is the
previous state then no set-up time is retlLrir.ed before job i,, , so its overall
contribution to the surn ol cornpletion ti,ucs is

t,l ,b +l
(tt/- 

.l_,w i-r - il, n,_, ) t,",

t,
Where I/:Iru;, ws:0. However il'tlre previous state is (rr1-1, n,,2;

i=l
thcrr a sel.-up s1 is required befbr.e the pr.oe cssing ot'job i,,, , so its ovcrall

contlibution becornes (W- 'i_rr,, - "'i=,t n,,-, Xs, + /,., ).

Now to evaluate the cont面 bulon Ofthc state(n,n2,b)fOr nl+nP≧ 2,

vヽe apply the following recursion:

√(nl,n2,1)=min{/(nl‐ 1,n2,1)+″lr,..y lnl_1,n2,2)+″ l(Sl+′′
“

).};

/(nl,n2,2)=inin{/(nl,n2~1,2)+ルタ12r′雀,/(lll,n2~1,1)+″2(S2+′ ′Ⅲ)};

whOc″l=%進
1月

‐糟
lν

′判,%=み

/(1,0,1)=″ (Si+′′),/(0,2,1)=″ (S21′

暮叫」-11″′¬,L′ =0,

),

and all other initial values are set to inlinity. The rninimurn surr of
weighted completion times for all tirnestbrall jobsinrnin { f(p,cl,t),/
(p, q,2) ).

The time cornplexity of this algorithrn will be discussed now .To
obtain an SWPT ordering of the jobs ol' N1 andNzrequiresO(n logn)
time. Sincenr€{0, 1,...,p }andn2e{O,t ...,q }andbe{ 1,2 }it-r.
nurnber of states is 2(l+p)(1+q). For each state, the corresponding
recursion equation is solved in constant tinre. Thus, we use the inequalitiei
p < n and q < n to deduce that the algorithrrr rcquires O(n2) tinrc.

we solve now the tbur jobs problenr 
-eriven above. lnitialization sets

.l'(1, 0, l) : 54, .f (0., l, 2) = 72. Valut's.7 (n1, n2, l) and./(n1, n:. 2) lbr
o1*n,> l, which are cornputed fr.om recursion equatior-rs, are slrown in
Table 3. From the last column, we have tlrat the least surn olthe weighted
completion tirnes is min{ 179, 176 I :176. Backtracking shows that the
optirnal sequence is (2, 1, 4,3).
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Table 3

Solution of thc recursioll k)l・ thc exanlPlc

(ni,n2)

Q≧_ユユ _JJ_二 l,2)(2,l)(2,2)
/(n!,n2,1) ∞    204 102    119 172     179

A■1」と,2) 92   旦 114 128  240  176

The algorithrn of Ahn and Hyurr is l special case of our algorithrr-r,

siuce if we let w;:1; for all i 1i : 1, l, r-r),thenwegetthesutlrol'
cornpletior-r tines problelr, which is als,r ean be solved by or"rr algorithrl

wit5 the sane efficiency So one can dcduce that our atlgot'ithrlr is a

generalization to that of Ahn and Hyun algorithn-r. Also the new algorithnr

is superior to that of Potts algoritirp ,in.c it requires O(n2) time. To

observe the efficiency of dynamic prograrntning algorithrn as cotrparecl

with complete enurnelation method, a problctn having lllore jobs shotrlcl be

considered.

CONCLUDING RBMARKS

lp this paper, we describe dynamic programtrring algorithnrs lbr the

sur"p of weighted completion times problettt, where the jobs are divided irrto

two classes. A set-upiime is required betrveen two differerrt job classes ancl

is required before it-,. loU that is scheclulcd first. The problem with urrit

weiglits is solvable in b1n2; tirne by the clynamic prograttruring algorithnr

of Ann and Hyul . Monma and Potts solvecl the total weighted cornpletion

tirrre problem in O(no),however Potts shorvs that the problem can be solved

in O(nl) tirne . A lew dynamic progran-lnring algorithm fbr the slttr of

weighted colrpletion tirrei problem is ;oli'able i1 O(n2) titlle, which is

,upJ,.io, to tl'rat of Potts dynarric l)l'()gral't'tlttil'lg algorithrn and a

geireralization to that of Ahn and l-{yr-rn dr numic progratrtrtit-tg algorithrrr.
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G-'LiX i-l!4il+ tilj. I t4i .J+,ill .931i^Jl ,+rjerl tstSJl 4+.i €)Fi.r+!t
;i t rli'i tr*-=i, arcLj a;ll3 i-=3rs. d.I.:l 4-c q^s- x Jr.l l.:r (quJr e+-) .rr:;K a+-

4r-i, G-pL:i L+i o-l! (;quJr S) .rE;ts a-; G-ilet.' i ,r uu .+rj,uJl c^+J

.(*-J, a+-) .rf.;K

ABSTRACT

In this paper we introduce some results lbr both serni Carlan C-spacc
and semi proper G-space. We prove that these spaces have neitlter fixi'cl
point nor periodic point also we stLrdy the subspaces ancl the cclLrivar.ianl.
seltri homeornorpl-ric iruages. Moreover we prove that a G-space X is a scrni
Cartan (serni pro.per) G-space if X has a starthin serri ope'n set. At last we
provL'that the topological slur o1'any collection of'scrni ('aprr.rrr
(serni proper) G-spaces is also scrrni Cartan (serli propcr') (i-s1-racc.

l. Preliminaries:

l.l. Definition (l):

A topological transfbrrrratiorr groLrp is a triple (c,x.n ) wher.e C is a
topological group, X is a topological space and zr:CxX+X is a firnction
such that:
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7r (c,x) = x lbr each x € X, where e is the iclerrtity elenrent ol'(i.
n(g;,r(g2,x)) = n(grg:,x), Ibr each 8r,B: eG and x eX.
n is continuous.
The lunction n is called an action olG on X.

I .2. llcnrarks:

l. If there is no more than one action of C on X, we writc (C,X) instead ol'
(C,X, n ) and gx instead of r(g, x).
2. We mean by a G-space X a topological transfbrnrationglouplG.X)
where X is a completely regular HausdorfT space and G is a localll
conrpact non-conrpact topological group.

1.3. Delinition (i):

If U and V are subsets ol a G-space X, then U is said to be tlrin
lelative to V if the set ((U, V)) = {g e GlgU 0 V + 4,; is r.elatively con.rpacr

in G. If U is thin relative to itselt', then it is thin.

1.4. Definition (3):

Let X be a G-space. A subset S of X with S+ X is said to be a srar il'
tbreach x €X there exists g eG such that gx €S.

1.5. Definition (4):

A subset A of a C-space X is said to be invariant uncler a subset S ol'
G ilSA c A where 54 = {sa :seS,a e A}.

1.6. Definition (5):

A subset A ofa topological space X is said to be Serni open (S-opcn)
if there exists an open set O in X such that O c A q O.

1.7. Definition (6):

Let X be a topological spaceand xeX.AsubsetAof Xissaidto
be semi rreighborhood (S-neighborhood) of x in X if there exisrs an s-opcn
set O in X such rhat x € Oc A.

1.8. Theorem (5):

If A is S-open in atogrological spaceXand AgBgA,rhenllis
S-open in X.
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1.9. l)efirrition (7):

A subset U ol'a G-space X is saicl to be serr-ri snrall (S-srnall)il'each
point of X has an S-rreighborhood V wlriclr is thin relative ro tl.

1.10. Definition (7):

A G-space X is called semi Cartarr (S-Cartan) if every poirrt ol'X has

a thin S-neighborhood.

l.l l. Definition (7):

A G-spacc X is callcd scnti proper (S-proper) il-each poirrt ol'X has an S-
srnal I S-ncighborhood.

1.12. Definition (8):

A lunction I-l}om a topological space X into a topological s;racc'\'is
cal lecl senr i honreornorphisrn ( S- horreornorphisrn ) i f 1' sati s fles :

(i) f is one-to-one and onto.
(ii) f is continuous.
(ii) f is semi open (S-open) i.e. f (U) is S-open in Y fbreach open set [-r in
X.

1.13.'theorem:

Let f be a continuous semi open function fl'orrr a topological space X
into a topological space Y. lf A is S-open in X, then f(A) is S-opetr in Y.

Prool!
Since A is S-open in X, ther-r there exists an open set O irr X such that

O g A s O. Therefbre, f(O)q f(A) s f(61
Sirrce l'is S-open and O is open in X, then by (1.12) flOl is S-operr in Y.

Since ['is continLrous. thcrr I'(O) g flO).
So【 0)⊆ F(A)⊆ f(0)⊆ f(0).

I-lence f(O)g f(A) g f(O).
Since l(O) is S-open in Y, then by (1.8) fiA) is S-open in Y.

1.14. Definition (1):

Let (G,X, n, ) and (G,Y, n, ) be topological trar-rsfonnation groups. A

continuous function ),:X + Y is called ari equivariant firnction ii ),

satisfics:
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For.each g €C.x €X, ).(rr(g.x)):n.(g.tr( x)). ()r sirnPly-.

).(gx) = g),(x).

1.15. Dcfinition (4):

A subsct A ol' a toltological grotrl) (; is saitl to lrc syrrclctic irr (i il'
there is a colnpact subset K ol'G such tlrat G=AK.

1.16. Delinition ( 1,4):

Let X be a G-space and x € X. Then thc point x is said to bc:

i) Fixed point ifgx=x lor each g e G .

ii) Periodic point if G. is syndetic in C where C, is the stabilitl, subgloup

olG at x.

2. Somc results on Semi Cartan G-spacc:

2.1. Theorem:

If X is an S-Cartan G-space then:
(a) There is no Iixed point.
(b) There is no periodic point.

Proof:
(a) Let x e X such that x is a fixed point.
Since X is S-Cartan, then x has U as a thin S-neighborhood in X.
Because x is a flxed point, then gx = x tbr each geG.
So gU nU * $ for each g€G.
'fhat is (( U,U)) = C.
Since ((U,U)) is lelativell, compact in G, thcrr C is corrrple r.

But G is not compact, which leads to a contraciiction.
I{cuce X lras rro Iixed point.

(b) Let x e X such that x is a periodic point.
Then C, is a syndetic subgroup in G.
That is there is a contpact subset K ol'C such that C = G. K.
By (7) G. is cornpact in G for each x e X.
'l-hus C is cornpact
But that leads to a contradiction since G is not compact.
l-lence X has no periodic point.
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2.2. Theorem:

. If X is an S-Cartan G-space, H is a closed subgroup ol'G ancl Y is ar-r

open subspace of X which is invariant under H, then Y is an S- Cartan

H-space.

Pnxf!
By (4) we get (H,Y) is a topological translbruration group. Sitrcu' Y is

a sgbspace of X ancl X is a contpletely regrrlar I-laursclorl'l's1litcc. tltett so is

Y.

Sipce G is locally cornpact and ll is a closed subgror,rp ol'G, then by (9) II

is locally courpact.
Hence Y is an H-space. To prove tl-rat Y is S-Cartan:

Let ye Y, then y€ X.
Since X is S-Cartan then y has U as a thirr S-neighborhood in X.

Let U' : UnY.
Sirrce Y is an open subspace of X, ttren by ( l0) we have U' to be arl S-

rreighborhood of y in Y
Sir-rce ((U', U')) c ((U, U)) and because ((U, U)) is relatively conrpact i1

G, then so is ((U', U')).

Since H is a closed subgroup of G, then ((U', U')) is relatively cotnpact in

FI.

i.e. U' is a thin S-neighborhood of y in Y.

Thus Y is an S-Cartan H-sPace.

2.3.Theorern:

Let λ: X→Y
S―Cartan G‐ space X

be an equivariant S-l-rorneornorphisrn function fi'ol1 an

into a G-space Y, then Y is an S-Cartan G-space.

P/θげ
Let y∈ Y.

Since λ is onto,then there exists x∈ X Such that λ(x)=y.

Sillce X is S‐ Cartan and x∈ X,then x hasl」 as a thill S― neighbol・ 1lood.

Since λ is S― open and continuous, tllen  by (1.13)λ  (U)iS an s―

neighborllood ofy in Y.

To prove that λ(U)iS thin wc have to pl・ ove that((U,U))=((λ (U),λ (U)))・

Sillce λ is l― l and equivariant function,then

gC((U,U))⇔ gU r、 u≠ φ⇔ λ(gU「 Uヽ)≠ φ⇔ λ(gU)rヽ λ(U)≠ φ⇔

gλ (U)∩ λ(U)≠ φ(→ gC((λ (U),λ (U)))・
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Hence ((U, U))= ((I(U),}(U))).
Because ((U, U)) is relatively cornpacr in G, then so is ((),(U),),(U))).
i.e. ), (U) is a thin S-neighborhood of y in y.
Thus Y is an S-Cartan G-space.

2.4. Theorem:

If a G-space X has a star thin S-open set u, then X is an S-car.ta.
C-space.

Proof:
Letx e X.
Sirrce U is a star set, then there is g eC such that gx e U.
Hence x eg -lU.

Since n*: X-+X is a homeomorphisrn for each geG, then by ( I . l3) g -rU 
is

an S-neighborhood of x in X.
Since U is thin, the, by (2) we get ((g-,U, g-,U;; is relatively cornpacr,i.
G.
That is g ' U is a thin S-neighborhood of x in X
Thus X is an S-Carlan G-space.

2.5. Theorem:

The topological sum I X, otany collecrion {X, }".n of S_Cartan

G-spaces, is also S-Cartan C-ffi".

Proof:
By (l l) f X" is a G-space.

ueA

To prove that I X, is S-Cartan.
q€A

Let xe f X" , tfen x e Xo. for some cr. e A.
ueA

Since X,. is S-cartan, then there exists a thin S-neighborhood U of x in
x
By (5) U is an S-neighborhood of x in ) X,, .

Since ((U, U)) is relatively cornpact in't, ,r,"n U is a thin S-neighborhood
ofxin lXo.

(r€A
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Thus I X,, is an S-Cartan C-space.
treA

3. Somc results on Semi Proltcr G-spac'c

3.1. Theorem:

If X is an S-proper G-space, then:
a) There is no fixed point.
b) There is no periodic point.

Proof:
a) Let x e X such that x is a fixed point.

Vol. I (r, No. 3, 2(X)s

Since X is S-proper, then there exists an S-snrall S-neighborhood U o1'x in
X.
Since x e X and U is S-srrall, then there exists an S-neiglrborhoocl V ot'x
which is thin relative to [J.

Since x is a fixed point, then gx:x fbr eaclr g € C .

So gV [^l U *0 foreach geG .

That is ((V, U)) = G.
Since ((V, U)) is relatively cornpact in G, then G is corrpact.
Burt C is not compact, which leads to a contradiction.
Hence X has no fixed point.
b) Let x e X such that x is a periodic point.
'fhen G, is a syndetic subgroup in G.

That is there is a compact subset K of C such that G:G,. K.

By [7] G. is cornpact irr G lor each x e X .

Thus G is compact.
But that leads to a contradiction since G is not cornpact.
Ilence X has no periodic point.

3.2.'l'heorem:

Il X is an S-properC-space, I-l is a closcd surbgrourp ol'(.i anrl Y is urr

open subspace of X which is invariant urtder H, tlren Y is arr S-proper'
H-space.

Proo.f:
By (4), (H,Y) is a topological transfbrrlation group.

Since Y is a subspace of X and X is a completely regular Flausdorf'f'space,
tl-ren so is Y.
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Since G is locally cornpact and H is a closed subgroup of G, then by (9). H
is locally cornpact.
.'. Y is an H-space.
To prove that Y is S-proper.
Let yeYcX,thenyeX.
Silrce X is S-proper, then there exists an S-srnall S-rreighbor.hoocl U ol'r ip
X.
Let Ur = U 0 Y.

Since Y is an open subspace ol-X, then by ( l0;, U, is an S-rrei-tlrborlrogd ol'
yinY.
1-o prove that U, is S-sntall.

Let xeYcX, then xeX.
Since U is S-srnall, then there existsan S-neighborhood V ol'x rrSiclr is
thin relative to U. i.e. ((v, u)) is reratively conrpact in c.
Let V, =VlY.
Since Y is an open subspace of X, tlren by ( 1 0). V, is arr s-nci_uh[-r9r-h.9tl
ol'x in Y.
'.' ((Vr , U, )) g ((V, U)), then ((Vr , U, )) is r.elatively co,rpacr i, G.
Si,ce H is a closed subgroup of G, therr by (9), ((V,,Ur)) is r.elatircl,r
compact in H.
i.e. U, is an S-srnall S-neighborhood of y in y.
'l-hus Y is an S-proper H-space.

3.3. Theorenl:

Let l":X -+ Y be an equivariant S-lromeornorphisrn f unction tl-opr
an s-proper G-space X into a c-space y, then y is a. S-proper G-spacc.

Proof:
LetyeY.
since l" is onto, then there exists x e X such that l,1x; = y.
Si'ce x e X and x is S-proper., therr tlrere exists ern S_snrall s_
neighborhood U of x in X.
Sirrce )' is S-open a,d co,tinuous. the, by ( r . li ) /-(Li) is arr s_
rreighborlrood ol'y iny.
'l'o prove thar ).(U) is S-snrall.
Let y'e Y.

Sirrce l" is onto, then there exists x'e X such that l.(x,; - y,.
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Since x' e X and U is S-snrall, then there exists an S-neiglrborhoocl V ol'
x' which is thin relative to U.
i.e. ((V, U)) is relatively compacr in G.

Since r is S-open and continuours, then by (1.13) r(v) is an

S-rreighborhood of y' in Y.
-fo prove that ((V, U )) = ((I( V ), tr( U ))).
Since )" is one-to-one and eqr.rivariant function, then:
g € ((V, U))<+gV n U * 0<+),(gV n U) * 0<+I(gV) 0 ),tU) * (,€)

sI(V) n I(U) * 0 <+ g e ((I(V), 1.(U)))
... ((v, U)) = ((I(V),I(U))).
Since ((V, U)) is relatively cornpacr in G, rhen so is ((I(V).tr(U)))
i.e. ).(U) is an S-snrall S-neighborhoocl ol'y in Y.
ThLrs Y is an S-proper G-space.

3.4. Theorem:

If a C-space X has a star thin S-open set U,then X isan S-proper. G-
space.

Proof:
Let xeX.
Since U is a star set, then there is g, e C such that g,x e U

I lcnce x e g;rU .

Since n* :X+X is a homeornorphisrn fbr each g€G. then by (1.13)

g;'U is an S-neighborhood of x in X.
'fo prove that g,rU is S-small.

I-et y e X, since U is a star set, then there is g: eG such that g:y e U.
l-lence y € grrU and gr' U is an S-neighborhood ol'y in X.

since U is thirr, then by [2], ((gt'u,gi'u )) is relatively corrrpact in G.
'l'hat is gi'U is an S-sntall S-neighborhoocl ol'x irr X.
'l'hus X is an S-proper G-space.

3.5. Theorem:

'l'he topological suffr IX,, of any collection (X,,),,.,\of S-proper G-
aeA

spaces, is also S-proper G-space.
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Proof:
By I l] | X,, is a G-space.

rreA

1'o prove that IX,, is S-proper'.
rre A

Let xe f X,,,then x€X,,, fbrsorrrea. eA.
treA

Sirrce X,, is S-proper, tlten tltere'exists an S-sntall S-neighborhoocl l.i ol'x
irr X,,.,.

Ily (5) U is arr S-neighborhood ol'x irr I X,, .

rreA
'l'o provc that U is S-snrall ilr I X,, .

(€ /\

I-et y e I X,, , then we have two clif'fer.ent cases:
tre,\

l)ll'y€X.,o.
Since U is S-small in X,,o, then there existsan S-neighborhood Vof'1.
which is thin relative to U.
Ily (5) V is an S-neighborhood of y in ! X,, .

(I€r\

Since ((V, U)) is relatively cotnpact irr G, therr t-l is an S-srnall
S-neighborhood of x in I X,, .

ueA

2)lfy €X,r, forsome cx,r €A,0" *at.
.'. By (5) we can take V: X,,, to be an S-neighborhood of y in f X,, , we

have: 
' rre'\

((V,U))=(g.C :gV0 U *0) = lg€G :gX,,, 0.U *0i.
ButGX,rlc X,r, foreach creA and X,,0Xr, =$ fbreacrr u*BirA.
.'. ((V, U)) = Q which is relatively conrpact in C.
l-lence U is an S-srnall S-neighborhood of x in f X,, .

tr€r\

i.e. In both cases we have U is an s-small S-neighborhood of x in I x,, .

Thus I x,, is an S-proper c-space. 
tre \

rreA
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ABSTRACT

Three compounds of Pyryliurn Salts had been synthesized. The
Products were diagnosed by the spectral rnethods (U.V., l.R.) in addition to
the elernents quantitative analyses. The Study of the reaction of three
compounds of the Pyrylium Salts with five Di-amine cornpounds (Atorn
Searching reagents) and this study shows the formation of Di-Pyridinium
Perchlorate Salts. The Products were diagnosed by the spectral methods
(U.V., I.R.) in addition to the elements quantitative analyses. The Study of
Charge Transition Complexes to fifteen Di-Pyridiniurn Perchlorate Sal'ts.

The Products were diagnosed by the spectral methods (U.V., I.R.) in
addition to the elements quantitative analyses and comparing it with the
reaction compounds.
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`Li団 い Jメ|`いJ」平 |`崚い 仙 い い 出 神国 IJも脚 IⅢ国 |び国 |

(Pb,Sn,Ge)ン aL」1由喝 Hi伊
`1縄

・ eJ(6‐MBTAMeP)ヴ メ コ |

膠

Assienment 6‐PIBTAMeP Ge`十 SnZ Pbz十

v(0‐H) 3500W 3430W 3430ヽヽ/ 3420ヽV
―OCH3 2850M 2850M 2850M 2850M
V(C―H)

Arolllatic
2950W 2950W 2950W 2950W

V(C―H)
Aliphatic

3022W 3022W 3022W 3022W

v(C=N) 1600S
1640S

1570M
1630S

1565M
1630S

1550S
1625M

v(―N=N― )

1500S
1430M

1525S
1410 Ⅳl

1520S
1410S

1535S
1510S
1400M

v(C‐N=N―C) 1130M 1120M 1122M H15M
v(C=N―N=C) 1 170 M l 155 M 1 150 M 1 140 M

v(M‐O) 420ヽ4 420M 435M
v(ヽ4-N) 320M 325M 340Ⅳ〔

' Element Analysis

4111y。 1,
PIeta10/01 ％

一

Ｃ

一
H%

C15 H13O2N3S
Calc 60.20 4.34 14.04

Found 59.76 4.61 13.59

C3oH26O5N6S2Ge
Calc 10.23 52.63 3.80 12.28

Found 9.72 53.14 3.95 11.67

C30H2605N6S2Sn
Calc 16.19 49。 13 3.54 11.46

Found 15.79 48.64 3.62 10。 94

C30H2605N6S2Pb
Calc 25。23 43.83 3.16 10。 22

Found 24.56 44。 21 3.23 9.83

VA

11l N%
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