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Intestinal Parasites in Patients attending Medical City
Teaching Hospital in Baghdad

SAMI Y. GUIRGES.
2006/7/3:脚 IJ」 こuL 2005110119 :'''-itl frii eJu

ABSTRACT
Diarrhoea associated with intestinal parasitic infectrons is il conrrnon

health problern in patients attending hospitals rn Baghdad. The inr.,estrgatron
rvas catried out on the incidence of intestinal parasites and fLrngr in patients
attending Medical City l eachrng Hospital in Baghdad

The clinical material is based on 3564 faecal exarninations by wet fihn
preparation and culture for intestinal fung, The infection rate with one or
more of the intestinal parasites was found as high as 4l .3oh of the patients

' erarnined. The results showed that Entamoeba histolytica is the rnost

:- prel'alent protozoal parasite whrch was recovered in 26.5,1; of the patients. the
' irttestinal flagellate Giarclia lamblia showed an infection rate of 7.4%.

l)tentantoeba.fragilis was recovered in 23 cases (0.6%). The infection with
soil transmitted nematodes and cestodes ranged from 0.2 to 0.7o/o, the
incidence of intestinal moruliasis and geotrichosis were 14.6 and 2.1%
respectively. Two protozoal intestinal parasites Dientamoeba fragrli.t,
Enthaclontona.s intestinalis and one cestode Hymenolepi.s clintinutcr were
recorded for the first time i.r Iraq.
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INTRODUCTION
The irnportance of'diseases due to intestinal parasites and their effect on

the host is frequently overlooked especially in ternperature climates where

they are less corrunon than ur the tropics and subtropics ( l). Surveys on the

prevalence of intestinal parasites have been carried out in Iraq which involved

mostly a healthy population of school children (2,3,4,5.6). Rare investigations

were reported in patients attending hospitals (7) Accordingl)'. this study was

can-ied out to report the prevalence of intestinal parasites of different age

groups attending Medical City Teaclung Hospital in Baghdad.

MATERIALS & METHODS

The clinical material on which this study is based consisted of 3564

faecal examination from patients attending the out-patient general laboratory

of the Medical City Teaching Hospital ur Baghdad for a 2-year penod.

Patients attending this hospital came from all areas of Baghdad province and

other surrounding provinces. Also, this laboratory receives stool samples from

in-patients of this hospital. In collecting fresh specimens of faeces, it was

made certain that the person was not taking any preparation containing

barium, bismuth or any medicine, which may have effect on the results of the

examination. The stool was collected in clean, dry glass or plastic disposable

stoppered container containing wooden applicator strck with a paper label

provided for the nafite, age and sex. Male and fernale patients approxirnately

equal in nurnber were rncluded and their ages ranged frorn one month to 70

years. Specirnens were exalnined withrn one hour liorn the time passed. The

stools were examined macroscopically for the presence of blood. tnucus.
ヘ
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tapeworm proglottides or adult worrns which may be present in the stool and
its consistency is recorded. Microscopic examination was made by preparing
rwo direct wet smears, one in normal saline and the other in Lugol's iodine.
Iron-alum haematoxylin srain was used occasionally for confirmation of the
identification of the amoe'uae (3). Ova of hookworms were identified whether
Ancylostoma duodenale or Necator americanus by culturing the stool
specitnen in Petn-dishes with charcoal according to the method of Headlee (8)
artd identified by the k.y given by the expert committee of WHO irr
helrninthiasis (9). The budding cells of rnonilia were identified as ('andrclu
albican.s fiorn other species of ()andicla by cultunng the specirnen ol1
Sabotrratrd's agar rnediurn and subcultured on conr rneai agar rnediunr fbr the
production of chlamydospores. Specimens showing barrel-shaped cells were
identified as Geotrichwn candidum by culturing the specimen on Sabouraud's
rnediurn and can be differentiated frorn other yeast like furgl by the flat
apidly spreading wrinkled colony ( l0).

; RESULTS

The number of faecal specirnens submitted for the study in the
prevalence of intestinal parasites and found suitable for proper examination
were 3564 specimens. We set a target for this high number of stool to be
examined feehng that this tugh number was necessary if a more or less correct
percentage of the prevalence of intestinal parasites was to be determined. Of
all the patients examined 1470 (4l.3Yo) were found infected. The infection
rates with one or more parasites are shown in Table l.

Table (1): Rates of infection with one or more of the intestinal parasites
in 1470 patients.n en

No. of parasite Total infected Percent of infection
One parasite 1023 69。 60/0

Two里a=asiteS 290 19。 7°/0

Three parasites 123 8.40/。

Four parasites 30 2.00/。

Five parasites 4 0.30/。

TOta1                1470 100°/。
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From the data above in table l, it can be said that, about 70o of the
patients proved to have single species infection and about 20o/o had double

infections, 84% triple infections, 2% quadruple infections, and 0.3% had

quintuple infections. In general stool examination, it was found that
Entamoeba coli and Endolimar nana infections are in association with
Entamoeba hi.stolytica infections. adding to these (iiordiu lamhlia and

BI a:; t oc1's t t.s I tottt i tt t.s.

The results of stool exarnilrations of 3564 patients shorv that, the rnost

cornrnon protozoal parasite is Ii. hi.;tolyticcr which was obtained in 938

(26.3%) of the patients. The maiority of these patients rvere suffering either

frorn abdorninal pain or diarrhoea or both. It is rvorthrvhile to tnention that E.

hi.;tolytica trophozoites were found in five patients less than one year of age

and the youngest was six rnonths. The comtnonesal parasite li. coli was found

in 758 (21.3%) of the patients rnosth, in associatiort r.,illt lt. hi;;tolytrcn

urfection, G. lamblia was dernonsh'ated in 265 (7 4%) r,vhich represent the

next fiequent pathogenic protozoal parasite encountered. It rvas more colnlnon

in children below five years. The yolrngest age found infected rvith this

parasite rvas 5-8 rnonths rvhere trophozortes of (i. lantblirl were fbund in 12

patients. Out of stool specimens examined 23 (0 6%) were diagnosed as

trophozoites of Dientamoeba .fragili.:. The incidence of other protozoal

parasites recovered in this study ranged from 0.5% to 6.5o/o (Table 2).

Table-2:Pro in 3564 tients examined

Results of the incidence
patients exarnined are listed in

of hehnrnthic intestinal parasites in 3564

Table 3. Eight intestinal helrninths were

n

t
,

able-/: rrotozoal ParasrJes ln examlnec.

Parasites Number infected Percent of infection

l. Entamoeba histolyticrt 938 26.3°/0

2. Entomoeba coli 758 21.3°/0

3. Endolimlx nana 87 2.4',h

4。 乃rJrz″θιια ι″なctLJlii 41 1.2"/,

5. Dientamoeba fragilis 23 0.6"/"

6.3Jrs″cガ麻 力ο″liFお 231 6.5'h
7.61irJFJlirJ JrJzう Jlic 26s 7.40h

8. Trichornonfis hominis 61 1.70h

9. Chilomostix mesnili 122 3.1"h

10. Entert)mo nfis hominis 16 0.5'Y,

ll. Embodomoruts intes tiruilis 45 1.3"1,

4
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detected. Among these Enterobius vernticuloris was the most frequently
encountered which was recovered in ll2 (3.2%) of the stool examined. The
next common intestinal helminth is the cestode Hymenolepis nana which was
obtained in 78 (2.2%) of the cases. Hymenolepi:; diminuta ova were recovered
in 6 cases (0.2%). The infection with other cestodes and soil transrnitted
nematodes ranged from 0.2o/o to 0.1o/o. It is worthwhile to mention that, all the
results of culturing the
.1. clttodenale lawae were obtained.

ova of hookworrns

Table-3.Hel tes in 3564 inetlnlln rasI in tren ts exant r

Parasites Number infected Percent of infection
f。 /∫crJrisル′″7brlicο Jrr625・ 25 0.7"
2. Hookwornt 16 0.5,,1,
3. Strongyloides s terco rulils 10 0.31h
4「ric力ι′′お″lig力 liz/r7 6 0.2,,1t
ig″ rer()blirだ ッer“麦″′rrJ″お 112 3.2(%)

6. Taenio Sp. 8 0.2(%)

7. Hymenolepis n0n0 78 2.20
8. Hvmenolepis diminuta 6 0.20

On the other hand, in stools of 3564 patients examined budding cells of
rnonilia were identified in 510 patients (14.6%), and the culture of the stool on
corn meal agar revealed 312 (61.2%) to be C'anclida albic,an.s. Moreover, it
was also noted that tlus pathogeruc monilia is mostly encountered in urfants
and children. The other fr.grt encountered in the stool examination is
Geotrichum candidum whichwas found in 76 case s (2.1%) Table 4.

Table… 4。 Intestinal fl inedun n ents examined.

Fungus No.
positive

Percent
positive

Monilia 510 14.60/0

Geotrichum cundidum 76 2.lo

thic
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DISCUSSION

The chronological record of prevalence of intestinal parasites in this

country is far frorn cornplete. Tlus work was camed out in the hope of
throwing sorle light on the prevalence of intestinal parasites in patients

attending a hospital in Baghdad. In addition investigation was carried out on

other microorganisms including ltrngr which may infect the hutnan intestine

and ca1 be recovered by stool exatnination. There are ven' feu' investigatiorrs

which reporl all the intestinal parasrtes protozoal and helr,lit:tlrs. In tlte llresent

survey the prevalence rate \\as fbund to be as ltrgh as -lli'o itt spite of the

fact that the results are based ort single stool specitnen erattttttatiott. This

points to the fact that. the expected prevalence rzite rvoLrld be undotrbtedly

much higher if the three specitnen technique rvas used.

Anoebiasis is known to occur rn every part of the rvorld and tnost people

surveyed in tropical and subtropical countnes with the erceptiorr ol'Esckrrncl

and of poles with over 90.000 exarninations rvith a nrl report ( I l). It was

estirnatecl that ti. histolytica infections are about l0o,ir of the rvorld's

population, although its prevalence and severiry rnay differ fi'otn one area to

another (12). In the present study, E. histolytic'o infection was found n26.3'/o

of the patients examined which represents the highest incidence arnong all

other intestinal protozoa. In 120 school children in Baghdad exarnined by

other workers (3) the incidence of this parasite rvas found to be 23%. Recently

n 3726 stool samples collected also frorn school children in Baghdad the

incidence of ttus parasite was found to be ll.4% (6). In Sammarra city the

incidence of infection with ttus parasite in patients attendrng the primary

health care center was 36.7% (13). While in north of Iraq in Arbil City, the

same workers found the incidence of this parasite to be 4.1% (14). Moreover,

other workers (7) in Baghdad reported the rncidence of E. histolylica infection

to be 49.50 in 220 hospital patients with dianhoea. The high incrdence of E.

histolytica reported by these workers because their cases were selected

hospital patients suffenng from acute diarrhoea. Another important protozoal

parasite recovered in this study is G. lamblia, which was demonstrated in

7.4% of the patients examined. Giardiasis was particularly prevalent rn

children less than l0 years of age and most cases were associated with

diarrhoea with various degrees of clinical features associated with intestinal

malabsorption which have been demonsffated by sta.ndard technicqtres in

grardiasis (15). A high incidence of gardiasis ranging fi'orn 3l to 33eo rras

reported by other rvorkers in pre-school and school children sun'eved in

6
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Baghdad (2,3).The high incidence of E. hi,stolytica, E. coli and G. lamblia can
be anributed to the fact that cysts of these parasites resist water. They are
normally faeco-orally transmitted, but may become water transmitted when
faecal material is discharged urto the water supply systern. Hence their high
incidence at present, which is an indicator of dnnkrng water pollution. In
addition, the rnultiple infections can be attributed to the consumption of a
hit-Ihlv contatninated food and rvater or to the itnpainnent of the irnrnunity. On
tlte other hatrd, the mcrdetrce of other non-pathogenic intestinal arnoebae like
l'-. nana and lodoantoeba but.:chlii was found to be less than 3o/o of our stool
exarnination. Other workers did not rnention these parasites in their work
except that of Al-Dabagh et al. (2) which qa\e an incidence of 6 to '/o,/o.

lvleanwhile Dientantoeba /ragili.s which was found in 2-a cases (0.6%) of the
stool examined. Tlls parasite rvas not recor ered previously by other lvorkers
and to the best of our knowledge this parasite is recorded for the first tinre in
tlris country. The reason for not recording this parasite previously can be
attnbuted to the unfamilianty of the stool examiners with the arnoebae
especially the trophozoite stage which ma1, be present in the stool and it
requires a time and long search rn the fresh stool preparation. It can be said
that each fresh preparatio'r requires a carefi,rl search for about half hour for
watching the rnorphology and the movement of the trophozoite to glve a
correct diagnosis.

The intestinal flagellates recovered in our study in addition to G. lambl.ia
mentioned above, are Trichomonas hominis, Chilomastix mesnili,
Enteromonas hominis and Embadontonas intestinalis . ther incidence were
1.7% , 3.4oh, 0.5% and 1.3% respectively The incidence of 7'. homini.;
reported by other workers ranged from loh to 20o/o (2,s,0,7) On the other
hand, the incidence of C. mesnili reported by other workers ranged from 3% to
9% (2,3). The other two flagellates reported in this study E. hominis and E
intestinalis have apparently not been previously recorded by other
investigators except one worker (2) who reported a case of E. hominis.

On the other hand, the prevalence of the corrunoner hetminth species
encountered in our sfudy are E. vernticularis and H. nana havrng an incidence
of 3.2o/o and 2.2% respectively. These two parasites are faeco-orally
transmitted. Their incidence reflects personal and family hygrene. All other
helmrnth species had an incidence of less than l%. The nematode E.
vernticttlari.v was probably much more corunon as our results is based on
stool exatnination and not by Scotch tape techniques. A high incidence of 26oh

7
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of this nematode recovered by other workers (3,6) by using salt floatation

method in the stool examination. This higher incidence cbta.ined because their

cases were selected elementary school children approximately 6 to l3 years

old.

It was possible dunng the present shrdy to identifu the species of
hookwonn infecting patients, although it is rvell knorvtt that ,-1. tlurrclenole is

the only species of hookwonn present in this parl of the rrorld. tlttt rve rvallted

to rnake sure that this is true. It rvas fburtd that,'1. tltrtttlattula is the only

species of hookwonn recovered. The percelltage ol- inf-ec;tion with

Stong7loijes stercorali.y obtained in this investigatioll comesponds to that

obtained by other workers (3). The incidence of soil transtrtitted netnatodes

decreases with tirne in urban areas, particularly n'ltere sewage systelns have

been introduced.

The present investigation indicated the presence of the rat tapewonn

Hymenolepis climinura in 6 cases (0.2%). For the best c'f our ktrou'ledge thrs

cestode is recorded for the first tirne. As it is knorvn that both specres of rats

Rottus rattus and Rautt.s non,egicr.r^r are prevalent in Baghdad and it is possible

to find thern in every house and this increased population of rats rnay be

attnbuted to the lack of control measures against them and these anirnals rnay

cause contamination of food by their faeces and fleas and eaten or swallowed

accidentally by man and cause rnfection with these cestodes.

In infection with monilia and specifically with Candicla species, whrch

may be present iN o rlorrr,al microflora in many parts of the human body, it

may cause a number of infections under certain condition such as the use of
broad spectrum antibiotics (16,17). The identification of the species of
Candida, which cause gastroenteritis were fully studied previously (17) who

showed that, both C. albicans and Candida stellatoidea are rmportant in

human infection in Iraqi patients., Meanwhile, in our study geotrichosis due to

G. candidum was found in patients with diarrhoea resembling rntestrnal

candidiasis. In this country there are no previous reports of such infections

except that reported recently (18,19).
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ABSTRACT
Sewage Treatment Unit (STU) sludge was used as a source of micro fungi for

production of Lemon acid (citric acid), one of the important :lrernicals used in various
industrial processes. The isolation of filamentous fungi especially A.spergil.lus niger was
done from STU sludge for better adaptability. Three strains of A. niger were isolated
frorn STU sludge and identified using slide culture technique followed by irnage
analysis.

Five strains ofl. niger were selected as the best adapted strains in STU sludge. Three
of thern (Sl, 52. and 53) were selected fi'orn isolated strains. and another t\\o (Ll & I-2)
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from the lab stock. All strains were experimented under controlled fermentation

conditions such as pH 3, temperature 32"C and agitation 200 rpm, usin g 2% (w/w) of
substrate (STU sludge), 3% (wlw) co-substrate (wheat flour) with inoculum's size of 2oh

(spore lmL), using submerged culture fermentation process for the maximutn production

of citric acid
Evaluation of fungal potentiality was done in terms of tnaxitnum citric acid

production, biosolids production (TSS %) and chemical oxvgen demand (COD)

rernoval. Strain Sl produced high concentration of citric acrd (C). 139 g /L) and biosolids

(16.82 g lL) on foufth day of fennentation, rvhereas COD rettrorul (91 0 ozi,) on sixth

day

INTRODT]CTION
Sorne researches studied the utilizatron of Se,uvage Treattnent LInit (STU) sludqe-

that is an ilexpensi,n,e and easily available raw rnaterial and a good sotlrce for growth of
rnicroorganisms because it has enough nutrients and trace elements. STLI sludge rs one

of the final products of the treatrnent of sewage at a sewage (rvasteuater)ffeatrnent Unit

Treatment breaks down the organic matter and kills disease-causing organisrns Il].
The rnain groups of the organic solids in the sludge are protein. carbohy'drates. fats

and oils [2]. which vary with their origin. systern and effi:iertcv ol tlte rvzrstewater'

treatrnent-t_lnit t3] In Baghdad, STU sludge is the largest contributor of organic

pollution to water resources and envirorunent'

The sludge volume is expected to rise year by year. The lnanagement of the ever

increasing organic wastes has been one of the important enr,'ironmental issues in

Baghdad, *frictr requires a pragmatic and economic approach and study to utilize this

slrige is vital to have a good waste management. STU sludge can be a very good source

of carbor, nitrogen, phosphorus and other nutrients for many rnicrobial processes that

can add to the value of sludge hy producing valuable metabolic product like citric acrd.

Citric acid is one of the important chemicals used in various industnal processes. It is

estimated that about 500,000 tons of citric acid is produced annually by fermentation of
expensive raw materials like glucose and sucrose. In developed countries, 650/o of citric

u"id .orrumption is in food and beverages and 20o/o in household detergents with the

estimated global gowth rate in demand between a 4 to 5o/o per year [4]. Various

subsffates like sugar cane molasses, inulin, kurma, date fruit s;P.:p and carob pod [5-10]
have been used for citric acid production by Aspergilltts niger.

Some products, which were produced by using the microorganism A. niger, have

been assessed as acceptable for daily intake by the World Health Organization I I l]
Therefore, this study emphasized on utilization of a nerv stlbsfrate. sewage treatment

unit sludge (S1-U sludge) forthe production of cirric acid as well as retnoral of COD Irr

order to achieye the target, isolation of filarnentous fungi especiallt' .1 trtgar sas dotle

frorn STU sludge itself for better adaptabilitl' and its screening for effectir e

bioconversion of the sludge !nt; citric acid.

つ

一
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MATERIALS AND METHODS
Sample collection: STU sludge sample was obtained from Rustumya in Baghdad.

The sample was collected in batch approximately every one week and, after maceration.
stored in stainless in a cool room controlled at 4"C. To feed the lab experiments, a

sarrtple of sewage was drawn from the storage tanks after thorough mixing and then
diluted with sterile distilled water for further use as a substrate [3].
\\/heat flour is used as a co-substrate obtained {iorn the rnarket.

lsolation, purification and identification of microc.r'ganisnr: The nreclra usecl
for isolation of rnicroorganisrn from sarnple (STU sludge) was a rnodrflecl cornposition
used by Iliasil2l (g per liter); KH2PO4 1.0. MgSO4.7H2O 0 5. Peptone 5 0. Derrrose
l0 0. Agar l0 0 and Streptornycin2 rnL (50 rng /L) All cornpositions were acldecl prior
to autoclaving at l2l"C for 20 minutes, except Streptornycin. which was sterilrzecl ancl
added to the media after autoclaving. Dilution was done bv miring 5rnl of'sarnple u,ith
100 rnl sterile distilled water. Afterwards, I ml of dilLrted sarnple rvas put into Petri dish
followed by 20rnl of the media (3 replicates) and allowed to grow for 3-4 days in
incubator at 32oC. Fungi were sub-cultured on Potato Dextrose Agar (PDA) medir-rm to
obtain pure strains. Identification was done visually and by rnicro rnorphological studies
using Slide Culture Technique [6]. Olympus microscope was used to deterrnine the
rnorphology of the isolates.

Inoculum preparation: Inoculum preparation (spore suspension) was done
according to the method suggested by Alam et al. [3]. Cultures grown on PDA mediurn
in Petri dtshes at 32"C for 7 days were transferred into Eile,i:neyer flask (250 rnl)
containing 100 ml of sterile distilled water. It was shaken in arotary shaker for24 hours
with 200 rpm and filtered. The filtrate was used as inoculum after measuring its
concentration (spores / mL) by Haemocytometer.

Screening: Screening as done to get the best strain based on maximum citric acid
production, treated biosolids and COD removal. Five strains of Aspergillus niger were
selected for screening based on assessment of the best adapted strains in STU sludge.
Three of them (Sl, 52, and 53) were selected from isolated strains and another two (Ll
&. L2) from the lab stock. The screening experiment was done in a 500 ml of
Erlenmeyer flask containing 100 ml of wastewater sludge with the fixed process
conditions according to literature: substrate concentration of loh(w/v), co-substrate
concentration 2%o (w/v), initial pH of 3, temperature of 30oC, agitation of 200 rpm and
inoculum size of 2oh (w/v). The sample was sterilized. inoculated and incubated in a

rotary shaker for 2,4 and 6 days of treatment. After ffeatment the sample was harvested
to determine the paratneters citric acid, chemical oxvgen dernanci (COD) and biosolicls
content. Citric acid was detennined according to the rnethod of Marier and Boulet
[15] COD and biosolids as the total suspended solids (TSS) were measured followrng
the methods of APHA [5]
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RESULTS AND DISCUSSION
Three strains of filamentous fungi - S 12, 32 and 53 - were isolated from STU sludge

and identified as Aspergillus niger by micro-morphological studies using slide culture
technique [ 6] and by examining the size, shape arrangement and development of
conidiophores and phialospores.

Two strains of Aspergilltr.s niger (Ll & L2) were selected from lab stock. All five
strains were screened usirrg same process conditions and the best strain (Sl) was

selected on the basis of citric acid produced. COD removal, and treated biosolids. Citric
acid concentration varies with fermentation titne as shorvn in Fig. l. High yield of citric
acid was produced by all strains on 4'h day of fennentation ercept for L2 and 53 and it

reduced when the fennentation tirne increased. ,\lthough these two strains can produce

highest citric acid in less tirne. the vield is insigniflcant (0 019 g /t- and 0 075 g/ L fbr

L2 and S3 respectively) cornpared to other strarns. Overall. the highest citric acrcl

produced (0. 139 gl L) rvas by strain Sl on 4'r'day'and the lorvest (0.005 gl L) was by

52 on the 2"d day of fermentation. The difference of rnaxitntun citric acid yield for L I

and Sl is 0.008 gl Lfor day 4 and 0 037 g/ L for day 2. For day'6. citric acid production

of Ll is higher than Sl by only 0 001 el L Since Sl obtained higher citric acid

cornpared to t-l for most of da1,s. strain Sl was selected for further studv The arnottrtt of
citric acid produced during this study is very little. appearly due to presence of heavy

metals and other components in STU sludge [3], rvhich can decrease the production of
this acid. The second parameter used to evaluate the fungal potential was COD.

Rernoval of COD increased with fermentation tirne as shown in Fig 2. This observation

was expected as removal of COD is a percentage of the organic tnatter removed during

the treatment because it is consumed by the fungi. The maximurn COD removal (90%)

was observed on day 6 for most of the strains. Since there is not much difference in

terms of COD removal for all strains in terms of maximttm removal and time of
fermentations, S I can be selected as the potential strain for maximum COD (91 0%)

removal. When we observed the percentage of treated biosolids (Fig 3), strain S I

showed a good growth of biomass (1.682%) on day 2 and decreased as the time of
fermentation increased. Other strains namely Ll, L2, 52 and 53 reached their optimum

values (1.452, 1.453,1.590 and I .494 o/o respectively) on 4'h day of fermentation. Since

none of the strains have significant difference in percentage of treated biosolids when

compared to each other, S I could be considered the best because it reached its maximttm

in day 2.
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SYNTHESIS OF POLY IN― SUBSTITUTED
ACRYLAMIDEIFROM POLYACRYLOYL CHLORIDE

WITH DIFFERENT AⅣ IINES
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ABSTRACT

New nine polymers derivatives frotn poly acrylamide were prepared by
reacti on of poly cryloyl chlonde nith different arnines. pnnrara. secondarr,.

aliphatics and arornatics in absolute ethyl alcohol b1'usrng tri eth-rlanrine as

catalyst. Polyrners [N-substituted acryl amide] were prepared in good yields .

5l-83%.
All the prepared polymers were studied by FT-IR spectroscopv. The

softening points , rnelting points , and solubility were lneasured.
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INTRODUCTION

Polyacrylamides (PAMS) have many different applications because of
their high viscosity. In agriculture, they make irrigation more efficient and

prevent soil erosion. PAMS are also used as an additive in drilling muds , for
photographic film and battery housing. In addition, PAiv{S are the major
components used in gel electrophoresis for protines and nucleic acidsfl-10].
For each of these applications and many rnore were behrnd the reasons of
preparation of PAMS.
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Polyamidcs(PAs),arc made by reacting carbOxylic acid with amines[H]

○             ○

||        ||
R― C―OH+R｀ NH2→ R― C―NHRν+H20

Acids inay be cOnvcrted tO alllides by treatincnt

、ith allllnonia[12]
with thionyl chloride and then

○

||

R―C―cC+2NH3→ RCONH2+NH4CC

Acrylalllidc cH2=CHCONH2, propcnalllide,exhibits,  goOd  thennal
stabiliサ and 10ng shelf life in the abscnce Of light[13]Thc acヮ

l amidc
solutiOn is stabilized by oxygcn and slllaH all10unts(25-30)pplll bascd On

acwlalnide Of cupric iOn,several othcr typcs of stabilizcrs, such as ferl‐
ic iOn

[14,15],and ethylcne diaminc tctraacctic acid(EDTA)[16-18]For lllany ycars,
aclyl alllidc was llladc by reactiOn Of aclッ 101litrilc with H2S04,H20 fOnOwed
by separatiOn Of acc/1 anlide■ 0111 its sulfatc sali by using a base Or an iOn_
cxchangc colum[11]

2へ  series Of nOvel p01yacO/1alnides  havc bccn  synthcsized fl・
Olll

polyacryloyl ch10ride ,palinitOyl ch10ride with different kinds Of ainines

(primary,secOndary,hetrOcyclic amines)[19]
Another main rOute have been used tO prepare acryl anlide from acry10yl

halide_amine cOndensatiOn [20].

O O
||

||

CH2=CH c_ce+RNH2→ CH2=CH~CNHR+HcC
Experimental preparation of poly [N-substitute.d acrylamideJ

Melting points and softening points were determined on Gallen Kamp
ygl_tinspoint apparatus ( MFB - 600 ), and Reichert Thermovar, Spl , 10,
0.25 , 160 respectively, FT-IR absorption specra were recorded using KBr
discks on a FT-IR 8400 s FOURIER TRANSFORM INFRARED
SPECTROPHOTOMETER,SHIMADZU

we get the Poly acryloyl chloride fi-orn the ,onornere acryroyl
chloride which is poiymerized by rhe light effect rhrough the time Ina 100 ml round bottom flask provided with a reflux condenser placed (0 0l
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mole) of poly (acryloyl chloride) with (0.01 mole) of amine and 25 ml of
absolute ethanol. The mixture was refluxed at 60oC for 30 minutes,then a ( I
ml) triethylamine was added dropwise to the reaction mixture with
contineous stirring. The mixture was refluxed for (2-7) hours depending on

the type of amines. The reaction mixture was poured into a beaker containing
chloroform and vigorosuly stirred ,the product was transffered to

separatory funnel and the amide viscose layer was separated . The

polyamide product was purified by dissolving in THF. DivlF. or methanol with

gentle heating and filtered. The clear filtered solr-rtion r',as precipitated by'

addition to suitable solvent such as acetone. diethyl ether. benzene and

petroliurn ether, and the fonned precipitate u'as filtered. rvashed and dried.

Physical properties of the products are listed in table ( l) table

(2), and table (3).

RESUL'tS AND DISCUSSION

Although there are several procedures for the preparation of poly [N-
substituted acrylamide], one of methods is suitable for the preparation of poly

[N-(isopropyl, sec.butyl, n-butyl,p-tolyl, o-anisidyl. o-chloro-o-tolyl. N. N-

dirnethyl, N, N-di-n-propyl, and rnorphol'l] acrylarnide respecti','ely frorn

reaction of poly acryloyl chloride with different primary and secondary arnine.

aliphatic, arornatic and hetrocyclic using triethyl atnine as catalyst to

dehydrohalogenation of HCl. The condensation reaction between poly

acryloyl chloride and different amines was yielded the poly [N-substituted
acrylamidel with good yield (51-83)%.
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/\-/ (cH2_cl+k
I

o:c-c(.
acryloyl chloride

ハ■CH2~CH
|′/■

CC―C=O

+(Ar)RNH2 → ヾ H2~CH)↑ン
ο′R2NH,(Ar)2NH   

。=(|C―NHR(Ar)

polyIN― substituted ac171arnidel

The rnechanism of condensation reaction is as follows:

+RNH2→ ハイCH2~CHド
|

C[― C=O°

①И
R一N一H

|

H

脳

～
CH2~CHド

|

CONHR

The melting point of poly acryloyl chloride is around (260-265) C
All physical properties for prepared polymers are listed in tables (1,2.3) The
measured softening point of produced amides were higher than
those of softening point of the starting material (acryloyl chloride).
This might be due to the hydrogen bonding arises from the - CONHR
groups .

The FTIR spectra of all poly [N-substituted acrylamide] are shown in
Figs. (2-4). The softening point of all prepared poly acrylamide indicated that
these polymers are thermally stable , this due to hydrogen bonding of arnide
groups which enhanced the polar interaction between chains[ l5].

I.R. spectra of the resulted amides from the reaction acryloyl
chloride ith primary amines ,showed an (-NH) absorption band at
(3420-3456) cm-r (compounds I -6 ).This band (-NH) was disapeared ,8S
expected in the products resulted from the reaction of acryloyl
chloride with secondary amines (compounds 7-9).

All prepared poly(N-substituted acrylamide) in this work ,showed
strong absorption carbonyl amide band in the region (1647-1727) cm I

.The stretching vibration (C-.N, amides ) absorption band appeared in
(1313-1409) cm-' The cotnpound (9) showed an additional absorption
band at ll97 cm-r for C-O-C ,due to syrnmetrical and
unsynuxetrical stretching vibration of cyclic ether group
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Table (1):- Physical properties of poly (N-substirured) acrylamides.

～
CH2~CH%

|

m.p : melting point, s.p : softening point ,{rn . ,{rnrne grolrps

○=C―Am

⊆
Ｅ
ｃ
Ｃ

６
Ｚ

Name of Poly
(N-substituted)

acrylamides

Am Time ol'
reaction

(hrs.)

Conversion 7o mpoC I tp"C

|

Color

l Poly [(N-
rsopropy l)

acrylamidel

/CH3
-NH―CH
＼ cHR

(2-3) 659。 235-245 1  230-240 ヽヽ/h ite

つ
４ Poly [(N-sec-

butyl)
acrylamide]

一NH― CH一CH^CH
|

CH3

，
Ｊ 62°/0 3oz-307 | :oo-los Orange

3 Poly [(N-(n-
butyl)

acrylamidel

一NH(CH2CH2
CH2CH3)

(4) 839/6 255-260 250‐ 260 Gray

4. poly[(N-(p-
Tolyl)

acrylamide]

一NH

CH3

710/6 283-290 280-290
Dark-
brown

5. Poly[(N― (O―
ani● dyl)

acrylarnide

OCH3
780/。 311-320 308-315 Yellow

6. Poly[(N(0‐

chloro― O―Tolyl)

acrylamidcl

t丼鴫 (7) 51% >360 320‐ 332 Brown

7. Poly[(N,N―

diethyl)

acrylamide l

一N(CH2CH3)2 (3) 80% 265-272 262-270 Yellow

8. Poly[(N,N― di

n‐propyl)aCryl

arnide]

-N(CH2CH2CH1):
つ
０ 650/。 330-340 325-335 Yellow

9. Poly

[(mOrpholinyl)
acrylamidel

ヽ
―
１
／

Ｉ
Ｎ
　
　
Ｏ

／

１

＼
(4-5) 600/。 >360 310-325 Yellow

|
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Table(2):― Solubility ofthe prepared poly(N― substitutcd)acrylamides

～
CH2~CHγ

|

O=C―Am

Ｑ
日
ｏ
Ｏ

．ｏ
Ｚ

An

ｍ
〕
し
〓
０

」
〓
ト

Ｌ
で
２
∩

〇
望
Σ
∩

l /CH3
-NH― (H cH3 + 十十 ++ +十

つ

一 一NH―CH―CH2CH3
|

CH3
+ +十 十 + ++

3 一NH(CH2CH2
CH2CH3)

十+ ++ ++

4.

〇
CH3

+ + +

5.

OCH3 十 + +

6.

CH3 + + +

7.
-N(CH2CHj)2 + ++ ++ 十 +

8. -N(CH2CH2CH3)2 十 十十 十+ 十十

9.
ヽ
―
ノ

‐
Ｎ
　
　
Ｏ

／
１
＼

+ 十+ 十十 十十

( ++) : easy soluble .

(+ ) : Soluble.
(-) : Insoluble.
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The prepared polymers are insoluble in the fo1lowing solvents:

H20,Et20,(CH3)2C=0,EtOH,PhH,CCe4・

Table(3):― FT―IR Spectra of poly(aCryl amide)and its der市 atives。

～
CH2~CHγ

|

O=C―Am

Ｑ
澤
【ｏ
０

６

Ｚ

v(―NH)
―
l

Clll

V(C=○ )
anllde

l

crn

v(c-N)
arnide

I
clTl

V(C― H)

aliphatic
1

Clll

(ヽC― H)

arornatic crn l

Others

3456 1764 1452

2875

2933

2. 3450 1647

1693
1423

2858

2925

3. 3355 1612

1676
1429

2812
2736

2522

2426

4. 3450 1739
1450

1496
2923 3150

V(C― CC)

(596)cm l

5。 3425 1728

1454
2677

2477
2939

v(C-O-C)
Ether

(1066) cm I

6. 3450 1739 1450 2923 3100

7.

1685 1494

2871

2925

2966

8.
1685 1495 2966

9.

1724 1409 2927

′ヽ(C-0-C)
Ether

(l197)cnl l

|
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Fig. (l): Spectrurn of poly acryloyl chloride
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Abstract
Reaction of 5- ohloro- 3, 4- dirnethyl- l- phenyl- 3- rnethyl- lH. 6H

pyrano [2. 3- C] pyrazol- 6- one (2) with acetylenic alcohols narnelv
propargyl and 3- hexynyl alcohols gave the corresponding acetylenic
ethers (3-4) which uttderwent Mannich reactions to give Mannich bases
(5-8) On other hand, treatment of compound (2) with 2- rnercaptoacetic
acid gave the 5- (thioacetic acid)- 3,4- dimethyl- 1- phenyl-3- methyl
lH, 6H pyrano 12, 3- Cl pyrazol- 6- one (9), which upon refluxing with
thionyl chlonde yielded the corresponding 5- (thioacetyl chloride)- 3, 4-
dirnethyl- I - phenyl- 3- methyl I H, 6H pyrano 12, 3- Cl pyrazol- 6- one
(10) Heating of cotnpound (10) with propyl, benzyl and ethyl alcohols in
dry benzene for 7 hrs. affored the corresponding esters (1 I - l3)
respectively

The chemical stmctLrre of all svnthesized compoLrnds was
confinned on the basis of their some spectral data (lR, UV spectroscopy)
and their elemental anall'sis. 

i,oyitt
3"l;L+ H6 ,Hl -J+ -3 -clri -1 -drI. is -4 ,3 -r,uK -5 &li: ol

(J+[L-"fu -3 r J-r+!:_u) i-.,iJn-Yl .:Yrss]t e- (2) i_ri -6 -J-rjl;! lC -3 ,21

.(8-5) 1..:t-- JelJs eijrl eL &tii eu cl: (4-3l4litLll i_.,j"In-yt (:li)l +-,.
eu:-S Jl .9:1 ':lrlill ,-r;..L -#-r -2 6. (2) qrS-rll {Li-^ ;l cs>l a<+ .t r
,2] 3;trt , H6 ,Hl -,JS. -3 -LlI! -1 -&L,il-'l -4 13 -(,rll\rll ,-':".L ,1E) -5

J:|u) -5 ,r_L," ,J+:lEll +:JJs e 1.6js,,ij * ..J', (g) ;:i -6 -(.Jrjt:.! IC -:
tC -: ,21 3rl;,,.L; H6 ,Hl -J+ -3 -+! -1 -J+ ,.;\:j -4 ,3 -(Jrir."Yl +,rrls

.J-*-r+ ,i.Jy!-9;) ill3l .:Y +.SJl e (10) .-,Sll i+s-J .tl; .(10) ;ji -6 -Jljl;!
(13-11)-tUtt ol tuYl Jl f._i, oL;L 7;:^t .iqJr Jx_ilt ; (,J;.UlJlr.J,sslt

Jtcl J.
,IR) i.r'iJJl U.lJill ";"., .rJc. :l-icYL 6Jg.:-ll e1+SJJI .s-.,\.1^1S.Il +$JIl c.,Sl e

29

(cHN) r^-ot-ll J:,!Jl _[rJtr (uv
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Introduction

Condensed pyrazoles have been found to possess awide spectrum

of considerable pharmacological, medical and biological activities such

as analgesic, anti- inflammatory antimicrobial, vasodialators, hypotensive
and hypoglycemic agents [ -4] Also, the presence of basic Mannich side

chains, acid, ester and acetylenic moieties are active as antibacterial
insecticidal and antifungal [5-6]

This paper reports the synthests of sotre lte\\r pyrano [2, 3- C]
pvrazoles cotrtaining abo'u'e rnoieties.

Experimental

Melting point were detennined in open capillarl' tubes on a

GALLENKAMP MELTING POINT APPARTUS and are uncolrected
The IR spectra were recorded by KBr or fihn r.vitlr SHIMADZU FTIR
FOURIETRANSFORM INFRARED spectrophotorneter- 8300. UV
spectra were recorded with SHIMADZU UV- VISIBLE doublebearn

scanning spectrophotometer 1650. Elernental analysis were done on a

Carlo Erba Analyzer type 1106. starting chernical cotttpounds were

obtained frorn Fluka or Aldrich.

Synthesis of 3,1- dimethyl- l- phenl'l- lH, 6H pyrano 12,3-
Cl pyrazol- 6- one (1)

This compound was prepared according to the method reported in

the literature [7, 8]

Synthesis of 5- chloro- 3,4- dimethyl- l- phenyl- lH,6H
pyrano 12,3- Cl pyrazol- 6- one (2)

To a solution of compound (l) (0.002 mole) in acetic acid a
solution of sodium hypochloride (25 ml, 5%) was added drop wise (30

minutes). The mixture was poured onto cntshed ice, the resulting oil
collected and purified on a column of silica gel using chlorofonn as

eluent.(Tables 1 and 4)

30
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Synthesis of 5- alkynyloxy- 3,4- dimethyl- 1- phenyl- lH' 6H
pyrano 12,3- Cl pyrazol- 6- ones (3-7)

General method:

To a mixture of compound (2) (0.005 mole) and appropriate

acetylenic alcohol (0.005 mole) in dry benzene (25 ml), ten drops of
pyridine was added. The mixture was refluxed for 4hrs. After cooling,
water (15 rnl) was added and the organic layer was separated and dried

over MgSO+. The filterate was evaporated under reduced pressure and the

residue was collected and punfied on a colutnn of silica using chlorofbnn
as eluent (Tables I and 4)

Synthesis of Nlannich bases (5-8)

To a stirring solution of appropriate acetylenic alcohol (3. 4) (0 005

mole) in dr1'dioxane (15 rnl) was added cttprous chlonde (0 05 g;rn), and

the tnixture was heated for l0 minutes, then parafonnaldehyde (0 005

rnole) and the appropriare secondary arnine (0.005 rnole) was added. The

rnixture was heated at 90"C for 2 hrs. After cooling the mixture was

filtered and poured onto ice water (80 rnl) The precipitate was filtered
and crystallized from suitable solvent. (Tables 2 and 4)

Synthesis of 5- (thioacetic acid)- 3,, 4- dimethyl- l- phenyl-
1H, 6H pyrano 12,3- Cl pyrazol- 6- one (9)

A stirred mixture of compound (2) (0.005 mole), mercaptoacetic

acid (0.005 mole) and sodium carbonate (2 gm) in dimethylformamide
(25 ml) was gently refluxed for 3 hrs. After cooling water (30 ml) was

added and filtered. The filtrate was acidified with dilute HCI and the

precipitate was collected and crystallized from appropriate

solvent.(Tables 3 and 5)

Synthesis of S-(thioacetyl chloride)-3,4- dimethyl- 1- phenyl-
lH,6H pyrano 12,3- Cl pyrazol- 6- one (10)

A mixture of compound (9) (0.01 mole) and thionyl chloride (15

ml) was refluxed gently for 4lus. Excess thionyl chloride was removed

under vaccurn to give brown oil of the acid cliloride (10) (Tables 3 and 5)

ヽ
Ｄ
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Synthesis of 5- (thioacetic acid)- 3, 4- dimethyl- l- phenyl-
lH, 6fI pyrano 12,3- Cl pyrazol- 6- one alkyiesters (11-13)

General method:

A mixture of acid chloride (10) (0.004 mole), appropriate alcohol

(0.004 rnole) in dry benzene (25 rnl) was reflttred gentll' for Thrs The

excess of the solvent was evaporated and the residue u'as purified on a

column of silica using chlorofonn or bettzene- chlorolorrn mtxtttre as

eluent. (Tables 3 and 5)

Results and Discussion

In the presettt work, 3,4- dirnethyl- l- phenr'l- lF{. 6H pyrarlo [2,
3- C] pl,razol- 6- one (1), rvhich \\'as previotrsll'prepared bv trs [7.8] rtas

rused as the key intennediate for furlher st'ntltesis. Thiis coirtpottltd( l) \\as

treated rvith sodiurn hypochlorite in acetic acid. 5- chloro- 3. 4- dimethy'l-

1- phenyl- 3- rnethyl- lH.6H py'rano [2,3- C] pvrazol- 6- one (2) u'as

obtainecl rn 45o/o yield. The IR spectnun of rt exhibited a C:O streching

vibration near 1765 crn-l and a nerv C-Cl absorptroll llear 790 crrl r.

Reaction of the compound (2) rvith acetylenic alcoltols ttatnelt

propargyl alcohol and l- hexynyl alcohol in dry benzene afforded the

corresponding acetyleui,, ethers (3-4) respectivelv, r.vhich displaved tu'o

bands at (3260-3300 c,r-'; and (2150- 2165 t,r,-'; for the (=CH) and

(C=C) stretching respectively, in addition to the bands at(1098-l105cm-r)

for C-O-C stretching. (Table 4). The formation of Mannich bases (5-8)

were confirmed by the presence of a weak absorption near (2120-2140

cm-r) and at (1250-1280 cm-t) due to C-N stretching (Table 4).

On the other hand, reaction of compound (2) with HSCHzCOzH

yields 5- (thioacetic acid) derivatives (9) which on treatment with thionyl

chloride and alcohols namly, propyl, benzyl and ethyl alcohols afforded

the corresponding 5- (thioaceticacid)- 3,4- dimethyl- 1- phenyl- 1H, 6H

pyrano [2,3- C) pyrazol- 6- one alkylesters ( I I -13).

The structures of the derivatives (9-13) were proven on the basis of
spectral data. The [R spcctra of compounds (11-13) exhibited a C:O
siretching vibrations near ( 1728-17 40 crn-'; and C-O-C absorption bands

at (l 150-l 160 crn-r).

つ

´
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Table (l) Sorne physrcal

｀
N
|

Ph

Table (2) Sorne physical properties for cotnpounds (5-8)

OCHC=C―CH2Am

｀
N

Vol.17,No4,2006

properties for colnpollnds(l-4)

O

|

Ph

CH3

No. of
Comp

R
Yield
°
/0
4ヽP C°

Purification
solr,'ent

Elemental analysis
Foundo.,b (Calc %)
C H N

l H う
Ｄ
∠
υ 124 EtOH

7000
(6911)

500
(485)

11 66

(ll 12)

つ
乙 CI 45 Oily CHC13

6120
(61 05)

400
(356)

1020
1014

D ~OCH2C=CH 58 Oilv CHCl、
6938
10ソ Ul,

476
425
952
912

4
―OCHC=CH

|

C3H7
38 Oily CHCI、

7142

(71 53)

595
(560)

う
０

　

９

う
０

　

９

８

　

７

CH3

No. of
Comp

R Am
Yield

% MPC° Purification
solvent

Elemental analysis
FoundoZ (Calc.oh\

C H N

5 H 一N(CH3)2 73 170-173 EtOH
6837
(68 10)

598
(573)

1196

(H61)

6 H 〔。〕
Ｎ
一

ξ
υ
ξ
υ 197-200 Benzene

6718
(6686)

585
(562)

1068
(1022)

7 C3H7 ―N(CH3)2 61 185-188 EtOH
7023
(6994)

687
(638)

1068
1042

8 C3H7 一。〕
Ｎ
一 49 205-207 Benzene

71 59

7131
692 1  1002
667)| (998〕

34

|



Synthesis of New Pyranol2, 3- Cl Pyrazol- 6- ones
Redha l.Al-Bayati - Hammed M AI- Kubaisi

Table (3) Some physical properties for compounds (9-13)

CH3
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Ｌ
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Ｉ

Ｐ

CH3

――

No. of
Comp

R
Yield

% MPC°
Puriflcation

solvent

Elemental analysis
FoundTo (Calc.o/o)

C H N

9 ~SCH2C02H つ
４
０́ 210-213 Benzene- EtOH

5818
(5789)

424
(398)

848
(819)

10 ~SCH2COCI 80 Oily CHC13

~SCH2COOC3H7 う
Ｄ
つ
′ Oily CHCi3

つ

´

~SCH2COOCH2Ph 78 Oily Benzene-CHCh
6571

(6531)

476

(424)

666

(628)

う
０
~SCH2COOC2H5 く

フ
０
０ Oily CHC13

く
υ
う
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Table

1705

IR and UV s tral data for cotnpoun

Characteristic IR bands Crn-l

C―H al.

2960
2890

2990

2885

1098 1595

lH5 1598 1250

3060 1080 1620 1268

_J三 ± 1111:」

1550

1455

劉
“|1脱2120  1580
1475

V(C一 Cl)

(790)

V(≡CH)
(3300)

v(三CH)
3260

269

209

304

265

209

2910
2825

2135 1 1605

(、v)  1520

1120 1 1620

|  
―

1110 1 1630 1 1280

1620 1 1276

う
♪d ndsable R an JV spectral data or com

No. of
Comp

U.V
λmax
(CHC13)

Characteristic IR bands Cm-r

C=0 C―H al. C―H ar C―O C=N C―S C=C Other

9

354

244

213

1670
2923
2794

3066 1150 1598 755
1550

1494

V(C=O)1718
V(OH)
3250-3280

10
310

230
1710
2965

2880
3100 1160 1610 770

1580

1500

V(C=0)1780
v(C―Cl)(795)

320

264
1675
2985

2875
3090 1155 1590 762

1560

1490

V(C=O)1740
estcr

フ

“

346

214
1660
2905

2825
3080 | 1 50 1630 765

1570

1495

ノ(C=0)1728
cster

つ
Ｄ

367

235
1680
2990
2875

3090 l160 1620 760 
I

1590 I v(C:O) 1730

l4S5 i ester

al.: aliphatic, ar (arrn): arotnatic
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Abstract:
Refluxing 5-methyl-4-chloro cinnoline with ethyl p-amino benzoate in

boiling ethanol for l2 hrs lead to the fonnation of 5-rnethoxy-4(eth1'l-p-atnino

benzoate) cinnoline [1] wrth good yield. On treatrnent of cotnpottnd Il] wrtlt

hydrazine (99%), hydrazide derivative 12) rvas obtaineC Tl,rs hydrazide r.vas

treated with phenyl isothiocvanate ort refluxitt-tl in borlrrtg ethartol tbr'l hrs. gare

tlriosernicarbazide derivative [3], whrclt ltave been treated rvrth collc. KOH or

HzSOq afford thiadiazole [4] and triazole [5] respectir"ely

The synthesized cornpounds have been elucidated using sonte spectral

data (IR and UV) and C.H.N. analyses

We have been stirnulated to test the antirnicrobial activitv of cinnoline'

derivatives on three specius of pathogenic tntcroorganistns (li.sc'het'ic'ltu c'ttlt,

Stap hy I o c o c cus, P s en do nt on w).

:cf:L.Jl

(78 4+-rr r- Ji- Yl 6l-lj+ J+l IJL y utlj+J- -r-,,-r1i-+-"'S-*-5 \.J-*'ll ;+s; ;t
e;ir+-r t1] -r;Jr+Jl (c]lrj+ r+,j-l lJl+,J;il)-4-#i+-S JrS" -J) ;'-t+ 4-L l2 ;r^l "C)

&l,Htrnr[2] +jl-,;xll ,ii.r,^*&i (99%);Ul i.i*jlJ\J(llyfl].-s-,Jt al^t--:ici rJ]

6r-cG y >- yf il^L- Jjg-l [3] rljtJJl<J *.,,]-ljll ,$-L J}JS JJ ;.i .:.rl-rl+-,3sli3]-1 J+ii e-
Jr;l ...,J' t5] cJ-9jUill-r [4] cJ:j!t:!t3l ':t,'<r" ]i 11r5Oo ;"'u, KOH

,-3$.ll di+LljlJ(UV, IR) i+tll J '-tll Jz4alt:.i "'b; '--b-^Jl 
!3LsJ-ll '-' ' r'L

.(c.H N ) r-5Jl
6 ,,.-b-^ll jJ r$l e[i:&l e++-rleUt lltrsJl Lt-,: ,''-.'ll lj6 .J C .ii +:+rlf!lt kir^iY l-,L-r

.Eschericha coli, Staphylococcus,PsenrJomonu.t \5r U is+ll ..rf t;i iiX *i'

Introduction:
Many cinnoline derivatives have been found to be considerable interest

because of their bilogical activity (l-3). 
- 
Some of these derivatives are usefi.rl

antihypertensive ug.ni @), analglstic t", antipyretic (6) and for their CNC

d.p..rrunt actions 0) and antitubercular activity tsl

Furtfuermore, several derivatives have found to possess antirnicrobial '''.
antiflingal 

(8) 
and anticancer activities 

(e-13).

The present work inr,,olves synthesis of nerv cinnoline derivatives- rrhich

on step-rvise reaction lvith various reagellts give 'n'ariotts derivatives of
cinnoline.
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Experimental:
Uncorrected rnelting points were detennined on Gallen-karnp rneltirrg

point apparatus. IR spectra were recorded on Pye Unicarn SP3- 100
spectrophotometer as KBI discs. The UV spectra were performed on a Hitachi /
UV-2000 spectrophotometer. Elemental analysis of the compounds were carried
out on C.H.N. analyzer type I106-Carlo Erba in Al-Nahrain University

* Synthesis of 5-methoxy-4(ethyl-p-amino benzoate) cinnoline Il l:
A mixture of the 4-chloro cinnoline (0.01 rnole) and ethyl (p-arnino

benzoate) (0.01 rnole) in ethanol (100 rnl) was heated Lurder reflux for (12 hrs)
The solvent was removed in vacuurn and the cnrde product was collected and
recrystallized from ethanol to give product [ ], (table l ).

* Synthesis of 5-methoxy-4(p-anilino hydrirzido) cinnoline [2]:

* Amixtnre of compound [1](0 01 mole) rn ethanol (50 rnl) and hydrazine
hydrate (99o/o,0 01 rnole) was heated under reflux for (5 hrs). The prodLrct

separated out, filtered off under vaclnrm and recrystallized frorn ethanol,
(table I )

* Synthesis of S-methoxy-4(p-anilino thiosemica rbazido) cinnoline l3 | :

t'. A mixture of compound [2] (0.01 rnole) and phenyl isotliiocyanate (0 0l
mole) in absolute ethanol (100 ml) was heated under reflux for (4 hrs) The
contents were poured into crushed-ice (100 grn), filtercd anC the product was
recrystallized from ethanol to give [3], (table 1).

* Synthesis of 5-methoxy-4lp-anilino-2'-(phenyl amino- l' ,3' ,4'-
thiadiazolo)l cinnoline [4] :

Compound [3] (0.005 mole) was dissolved in cold conc. HzSOq (10 ml)
and the contents were kept at room temperaftrre for (2 hrs), stirred then poured
into crushed-ice and the separated solid filtered off, washed with water and
recrystallized from ethanol to give [4], (table I ).

Synthesis of S-methoxy-4lp-anilino-(4'-aryl-3'-mercapto-t,,2,4-
triazolo)l cinnoline [5]:

Compound t3] (0.005 mole) was refluxed in KOH (20 ml, 2 molelL) for
(5 hrs), cooled, poured into excess of water, stirred and filtered. On acidification
of the filtrate with HCI (2 N), the product was washed with cold water, dried and

recrystallized frorn ethanol, (table 1).

* Biological activity:
The antimicrobial agents (7,2,3,4,5) were synthesized according to the

reporled procedures:
1. 5-methoxy-4-(ethyl-p-aminobenzoate)cinnoline.
2 5-methoxy-4-(p-anilino hydrazido) cinnoline
3 5-rnethoxy-4-(p-anilino thiosernicarbazido) cinnolrne.



cinnoline.
5. 5-methoxy-4-(p-anilino-(4'-aryl-3 '-mercapto- I ,2,4-triazolo) cinnoline.

Preliminary screening of the tested compounds ( I 5) agents different
strains of E schericha col i, Staphyl ococcus, P s en ckt nt onu.s' bacteria.

Determination of the minimum inhibitory concentration of the tested
compounds against bacterias using the agar cup difftrsion rnethods(r1-r7). The
results are listed in table (3).

Results and Discussion:
The intennediate 5-rnethoxy-4-(ethyl-p-arnino benzoate) cinnoline tl]

was obtained in a good yield (60%)by refluxrng of 5-rnethoxr'-4-chloro
cimoline with ethyl(p-amino benzoate) in ethanol for ( l2 hrs). The reaction rs
followed by disappearance of C-Cl absorption band at 780 cm-r and appearance
of NH absorption band at3200 cm-r, for IR, UV, and C H.N analysis see tables
(1 and 2)

On treatment of cotnpound tl] with hvdrazrne in boiling ethanol fbr'
(5 lus) gave hydrazide derivative l2l, the structure \vas elucidated by the
appearance of new bands at 3200 cm-I, 3300 crn-' and 1665 c'n'', whicft
alternatively belonged to vNH and vC:O respectively and C.H N analysrs

The reaction may be following the rnechanism shown in scheme ( I )
below:

Al- Mustansiriya J. Sci

4 . 5 -methoxy-4-(p-anilino-2 '-(phenyl
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alnino-1',3',4'― tlliadiazolo)

MeO HN
0~
|

C―OEt
|+NH2NH

―OEt

―

。
・

+NH2NH2 ~

[1]

P]

0
||

C―NHNH2 MeO HN
1)一
H

79
N-2-30H

―

Scheme (l)

The thiosernicarbazide derivative t3] was obtained by' heating under
reflux a Inixture of the hydrazido derivative [2] and an equivalent quantitv of
phenylisothiocyanate in absolute ethanol for (4 hrs), the mechanisrn is shou,n irr
scheme (2) belor.v:

`
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p]

H早OH
I  IIII I

C―N一N―C群―lDh
H  __

+ ph一
け C

McO

OHHS
‖  |  |キ  ||   _←N嗜
ブ渤

Scheme (2)

The structure of product [3] is confirmed by IR, UV (table 2) and C H N
(table 1), the IR spectmm of it showed a characteristic absorption band at 3115,

1220 and 2520 cr-l, which attributed for vNH, vC:S and vSH grottps

respectively.
Cornpound [3] rnay be cychzed, on its treatment with base or acid. So, on

reaction of compound [3] with KOH base led to the fonnation of thiadiazole [4].
The informed compound t4] was characterized using some spectral

(IR, UV) and (C.H.N.) analysis. IR spectrum showed disappearance of vC:O
band at1660 c*-'. And appearing of new bands at 1550 cm-rand 1435 crn-r for
vN:C and vS-C-S respectively.

While the reaction of compound t3] with acid led to the formation
of triazole [5]. Compound [5] show characteristic bands at2350,1530, 610 and

157 5 cm-' belonged to vSH, vN:C, vC-S and vNHph groups respectively.

Furthermore, a band at 1660 was disappeared that attributed to vC:O. The

mechanism is shown in scheme (3) below:



R
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The antibacterial activities of the investigated series of 5-rnetlioxi,'-(4-
ethyl-p-amino benzoate) cinnoline against a representative species of bacteria
namely Eschericha coli, Staphylococcus,Psendomonus are summarized in table
(3)

These species of bacteria were chosen since they are known as pathogens
for human beings. From the data obtained, it is evident that some of these

compounds exhibited a good activity against the tested species of bacteria with
tlre concentration used (0.1 ml 10.02 gm), but specially significant are the

cornpounds (4 and 5) whiclr showed the highest activity among the cornpounds
As a conclusion, the preliminary in vitro studies of these compounds are

promising since they exhibited activity against all species of bacteria tested

rvithout exception.
The rnain antibacterial activity of these cornpounds. rnay be attrrbuted to

the interaction between the functional group (i e NH, N+N, SH etc ) rn these

cornpounds and binding sites on the bacterial cell envelop
As a result of this interaction, the compounds may be rnetabolized to toxrc

products on degradation and thus affects the bacterial growth.
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Table(1):PhySiCal properties and C.HoN.analysis of tlle pl・ epared compounds

鎗
DR
rN

r | _ corEt 160 Pale yellow 60 Ethanol
C18H17N303

(323)
6687 6790 526 500 1300 1282

2  1   -〔 ｀ONHNH2 206 Ye1low 70 Ethanol
C16H15N502

(309)
62 6198 485 481 2265 21 86

D

4

―(｀ ONHNH(lSN Hp11

―《rS)ド N Hph
N― N

ph
|

ィ
N>sH

N― N

219 Pale yellow く
フ
つ
′ Ethanol

CIヽH20N602S

(444)
62 16 6202 450 431 1891 1802

210 Yellow 61 Methanol
C23H18N60S

(426)
6478 ()423 422 411 19 71 1952

190 Yellow 60 Ethanol
C2ヽ HIXN60S

(426)
6478 6421 422 400 1971 1921
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Table (2): The characteristic IR and UV-Visible spectra of the prepared contpounds

Comp. No. VN-tt CIll
1

Vc=OCm Vc_OCm Vc_H Cnll VN=、 Cm
1

V011lcis Cnl λmax EtOH(950/0)× 103

| 3200 1730 1260

3000

2990

2880

1580 260,280,345,390,480,230

つ

´
3400-3100 1665 1230

3050

2990

2880

1600 vc N(1510) 280,360,380、 450,500,232

3150 1660 1245

3000

2950

2860

1590
vc s(1220)

vs_H(2520)
260,360,370,420,510,243

4 3290 1240

3000

2970

2855

1600

VC N(1550)

′ヽc_s_c(1435)

V、 _、 (1050)

255,300,390,410,490

3180 1250

3055
21)60

2855

1610

vs H(2530)

vc、 (1530)

vc_s(610)

Vヽ‐N(1050)
VN_r)h(1575)

260,280,310,350,400

15

く
リ



Al― Ⅳlustansil° iva J.Sci VOl。 17,No4,2006

and Khada, B.G.. "Synthesis and

thiazoles", Inciiair i. Heterocyclic

(0-3)mm=―

(6-9)mm=士

(10‐ 14)mm=+

(15-18)mm=++

(19-21)nlin=+十 +

(22-28)mm=++++
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Multipol-Mixing Ratios of y- Rtrysfrom the Heuvy lott of tt)6

Ag5e Levels Populated in thee6Zr56(tNr,4n1t"u Agsv Reaction

Ltsing Constant Statisticul Tensor(CST)

Method.

Muutez Zamit Al-Shibany Al-Qadrsrlah Unrversit)-College ol'science

Physics departrnent

20061 91 25 :..;,-i.i.ll JrS 6+lt': 200613120 :c,,r''Jl 6r'til i+ll:

Abstract
In the present rvork, the constant statistrcal tensor (CSl') rnethod has been

successfully lsed to calculate tlie delta rnixing ratio.s o1 gatttnta transitions liorn

excited leuels"'nAgr, frorn the nuclear reaction 
e"Zr56(a Nr,4n)t"n Ags*

The obtained results conflnn the validitl' of thrs method rn calctrlating the

delta values and it capability in predicting an)' inaccuracies in the experrrnental

data.
The comparisons of our calculations with the experilnental data are in good

agreelnent.

:i.aDl3ll

.L-JJI ,,, .,r eL-usJ,', rl3! ;t.^-yl J,.,il a+;l 6t++,Jl-Jl '"'-rll j c-r-.:.*l

.oozrro('Nr,4rgt06 Agst.rtrJl &ti:tt .r. eul 'oo Agrr1',& rrUr* ;' t'ts oYl]fu)

,., rlS rll . i,F.- -)lil! 1!,",J1 6-,1jil1 ';'-r (sle l(1rlit5J ii1,;LJl 'r,r i--.- eiljjll d,+

. iJlJl 2,rill C- JFI+ l€Jl' Iil ^' jlll e.-llll

Introduction:
The angular distribution measurements necessary for determining the

character of the radiated multipole. This accurate knowledge of rnultipole

character is very important in evaluating nuclear models and dedtrcing the

lifetirnes. Thus angular distribution lrleasurements have an extrernelv inlportant

role in nuclear spectroscopy I I ].
The delta rnixing ratios for gamma transitions can be calculated by many

rnethods. One of these methods is (CST) rnethod, it has been successfulll'applied

by Youhana H. M [2,3] rvas used this tnethod to calculate E-r'alues for,sanrtna

transition in Zr ( A : 90, 92.and 94) and Nd (A - I 50) ercited rn the reactions ol'

(n.n'y) Al-Shibanl- H H['1] has trsed the 'lO,,,t p-7 t'.lt', ,-

■ヽ
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Ⅳlllatez Zamil A卜 Shibany

〕:Ni30(6Li,pnγ )::Zn32,::Zl136(CC,nγ ):〕 Ge37 and
l::Nd86(n,nυ

)1::Nd86andlttYb100(16。 ,3nγ )1::Pt105 reaClons,to calculate thc

=「

;跳野猟:糊:叫耀胤|‖:狙
d hgh ttn蜘∝popdttd h"R幅"
ng CST method lbrahim K S ctal[5]

、vere calculatcd the delta rnixing ratios of galllllla transitions frolll lcve!s of nuclci

popdtted h山 el::Eく n,nづ ::Erby ushg cm蜘■蛍漁亜 c』 にnsor cS⊃

lllcthod

Angular Distribution:
The angLrlar distribution is defined as tlie dtstrtbtrtiotl ln angle. relatirre to att

experirnentallv specified direction, of the intensitv of photons or parlicles ttsttallv'

resulting lrotn a nttclear reactron [6].

The total radiation fiorn a radioactive sample rs isotropic because, the nuclei

are randomly oriented in space. An anisotropic radtatton pattenl can be observed

only frorn an enselnble of nuclei that are not randornly oriented

We can arriving at such an ensemble consists in llacing the radioactiv'e

sarnple at very low temperature in a strong rnagnetic field gradient and therl

measuring the angular distribution of the ernitted radiation with respect to tlre
direction of the applied field [1,6] or the subject of the present slrrvey. consists irr

picking out only tl-rose nuclei whose spins happen to lie in a prefened

direction. This case can be realized if the nuclei decay tluough sltccessive

emission of two radiation Rl and R2. The observation of Rl in a fixed direction

kl selects an ensemble of nuclei that has a non isotropic distribution of spin

orientations [6]. However, nuclear orientation may also be achieved by nuclear

reactions in which beams of polarized particles are produced or by atomic beatn

experiments [7].

In nucleal physics, orientation of atomic nuclei derives its main interest

from the shrdy of angular distributions (and polarizations) of the emitted radiation

in the spontaneous decay of radioactive nuclei [6]

The subject of angrrlar distribution can be divided into two parts viz,

directional distribution and polarization distribution, depending on whether or not

one ignores polarization effects [6, 8]

Selection Rules of Gumms Trunsitions:
The y-transition fbr en initial state of spin and parity .lii to a final state o1'

spin and parity Ji' is possible if [9]:

49
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lJ,-J,l<t-<(t, +:r) (l)

L*O Q)
Where L is the angular momentum which gives the multipolarity of y-transition.

The parity change of electromagnetic radiation, EL, and ML, is as follows [9]:

ni . trr: (- I )L ;Electric Transition (3 )

and

TEi .trr': (-1)1'*' 
-------+Magnetic 

Transition (4)

When the parities of initial and final states are equal, the Ml,E), M3, E4

...etc will conserr,,ed if not, thetl El. M2. E3. M4 ...etc are possible.

The Nlechanisam of the ""Zr'rr,(llN7,4n)tt'n Ag., Reaction:
ln the given rvork. we are calculating the rnrxing ratios, 5. for galnltla ra\

transitions in the followrng reaction:

"ozrr,, r- 
|1Nr--J'."'{8u,,1. ---tll';llgoz]'*,,In -J-|.*Ag,,,]'*,,"'*,,"'

1l')7Agr,,rl-*,,',*r,,'n g Agsr] *,,'n*"''n

This reaction is one of many types of heavy ions reactions and dependrng

,pon the velocity of the incident ions and the nature of the target, the cornpound

nircleus fonned rnay disintegrate by the loss of one or lnore

neutrons as shown in this reaction [0]. the decay scheme of this isotope with the

spin sequence for each transition [fig (l )]

Theorey:

1-Constant Statistical Tensor (CST) Method
This method depends on the fact that in a certain nucleus, the magnetic

substates population parameters, P(mi), of levels with the same spin value neither

depend upon the energy of the level nor upon its parity Il I ].

The statistical tensor coefficientspl(J;,mi), are also constant for the same

J, values[12].

Then according to the following equation
.ti

pr(J,): Ip*(J,,rn1)P(rni) (5)

ll1; =o
t)l'Ili,= l,

the statistical tensorpl(Ji), rvould also be constant for levels uith the salne J,

values. Taking this fact into consideratron. the erperirnental value of the angular
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distribution coefficients, z2 obtained for certain and well known y -transitions

such as lJ, -frl:Z with r"i.7rr =+1 or lJ, -:rl=0otl with r'i'TCr --1, can be

rrsed to calculate the statistical tensors pzQ i) for iritial levels and sttch

transition[1 1] using this eq.

az(J, _Jrr):pr(Ji)F2(Ji2LrLrJi)+26F2(Jt2LrL2J,)+52F2(Jf2L2L2Ji 
) 

(6)
t+o

Putting 6 :0 since such transitions may be considered to be pure E2 or pttre

E I transitions

The p2(Ji) values thus obtained rnay then be used to calculate the 6-values

for otlrer transitions sllch as (1+ -2*), (2* -2*), (3* -2* ), (3* - 3*), (3* - 4*),

(4* - 4* ) usin-u equation (7)

2-Multipole IVIixing Ratio
The rnultipole rnixing ratio for the transition frorn an initial ( J i ) to a final state

1.Tp )r,vith angular mornenturn (L) as the ratio of tlte reduced rnatrix elernents [6]

δ(/)=
(ノ′トン‖ム)

(ノ′♭洲ム)

７
′

The ratio of the total intensity of the L'-pole to that of the L-pole is then

equal to 52 The reduced matrix elements for y -emission can always be chosen to

be real thus the mixing ratio 6 is real.

For a given intensity ratio 52, the mixing ratio 5 can have either a positive

sign or a negative sign, depending on the relative phase of the reduced rnatrix

elements. However, the sign depends on the definition of the reduced matrix

elements. This fact must be kept in mind when one compares the sign of 6 as

determined frorn a distribution experiment with that calculated on the basis of
certain method 16,13,147.

Only tr.vo types of mixed y -transitrons have so far been observed

experimentally, the rather frequent M1+E2 and the rare E l+M2 transition
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3-Results and Discussio,t

Table-l shows that the most of 6-values, which are calculated by this

method are in very good agreement with those of Ref. [5].The weighted average

of pz(Ji) values are also presented in this table.

It should be noticed that, the sign of 6 -values in the nresent work have been

cSanged as long as the R 1 -coefficients are related with the F* -coefficients. as

show in the follo,uving relation ship [1 6]:

Rr(Jz LrL2Jr): (-l) t'r-l-2+K Fx(Jz LrLzJr) (8)

This indicates that for even valttes of k,

Rr(Jz LLzJr) : Ft(Jz LrL:Jr) for L: = I-r+l (9)

The discrepancies occur in the fbllowing cases u'hich cotttparied u'tth ref Il-1].

I - The present values of 5 -value for the transition garnrna of 496 69(7) KeV ( 7--

7*) is slightl-v different than the experitnent data. because tlte tneasttrelnents of
ar-coefficient is not acctrrate. due to sotlle ctrctttnstance in tlte tneasttretnents.

2-The delta rnixing ratio for galnrna transition of 739 7( l)KeV( 7--6*; is rather :

different but is still correct due to overlapping r,r'itltin the error of the present

value and experirnental data.

3- The 5-value of garuna transition of 169.75(5)KeV (9-8-) is not consistent rvith

experimental data because the experimental ar-coefficient is not accurate, due to

statistics in the measurements, which depend on the angles of measttrements

mainly.
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Table-1: Multiple Mixing ratios of gantma

transitions of r"t;Ags:, calculated b1' using (ls'l' method

Eγ

(卜

“

V)
世
Ｖ
い
＜Ｋｅ ～

(△
‐
hi) ρ2(Jl) Vヽ.1、 .

い０

Rcf.1151 csrr(Ptw:)

209。96(8) 542.6 6+‐7・ -0.320(172) -1.8050(9702)

-0。 7572(224)

0。 2(2) 0。 16(15,-16)

436.2(1) 765。 15 6~-5+ ‐0。410(112) -1.4536(3971)
‐0。 14(10)

439.9 768。5 6(+) -5+ -0.369(119) 1.3083(42:り ) 0。 15(5) -0.12(10)

675.52(5) 765。 15 6~-6+ 0。334(10) ‐0。 7536(225) 0.1)()(13) 0.00(3)

243.01(6) 332.64 7+-6+ -0.415(12) ‐1.510:(478)

-0.81)、 lヽ(21:)

‐0.15(2) -0。 14(1)

293.16(8) 625。 80 7+-7+ 0.277(12) ‐0。6235(270) ‐0。 :7(8) ‐0.18(3)

l/6 lrt he continued
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111午 |

(KeV)
メ

'||

|」(li)
Vヽ:A.

RO■ 11151 CST(PIWI)

-0.5147(1024)

-0.8031(211)

-0。 12(4)
392.6(3) 721.5 7+-5+ 0。 201(40)

0。 8(2) 040(32)
496.69(7) 829.3 7~… 7+ 0。454(27) -1.0220(607)

0.5 0.5(5)
536。 17(9) 625。80 7+-6+ 0.372(39) 1.3608(1426)

631。 9(4) 721.5 7+-6+ 1.099(392) 4.0203(14340)

-0.06(14)

1.07(105)

739。 7(1) 829.3 7~-6+ 0̈.468(70) ‐1.7120(2560)
-0。20(5)

-0.6683(460)

0。 05(2) 0.04(2)
353。 29 979.09 8+-7+ -0。 129(19) -0。4832(711)

0.00(2) ‐0.03(2)
541.56(6) 874.2 8~-7+ -0。217(17) -0。 8129(636)

6(2) 5。4(8,‐ 12)
629.09(9) 961.7 8+‐7+ 0。 172(36) 0.644J(1348).

2/6 to he continued
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Eγ

(KcV)

IEI‐ lc、cr‐ |11

(KeV).■‐| |ズム11) ρ,(Jl) Vヽ:|=

０
０

Rc■ 1151 CST(P'W`)

872.00(8) 961.7 8+ -6+ 0.267(73) -0。 7002(1914) -0.6683(460) 0。02(6)

728。8(3) 1450.3 9+-7+ 0.247(45) -0。 6600(1202)

-0.(,094(3り 7)

0.03(6)

946。 7(2) 1572.5 9+ -7+ 0。288(149) ‐0.7695(3981) 0。 10(4)

989。 4(4) 2033.4 9-9~ 0。233(83) -0。 5231(1863) -0。 15(?,-35)

1054.9(4) 1387.5 9+ -7+ 0。204(35) ‐0.5451(935) 0.00 -0.03(1,‐5)

:204.2(4) 2033.4 9‐ -7~ 0。 107(261) -0。 2859(6974) -0。20(4)

1()り ,75(5) 1044.0 9… 8‐ -0.162(13) -0.6184(496) 0.04(2) -0.002(10)

593.2(2) 1572.5 9+-8+ -0。286(119) ―l.0917(1542) 0.15(:()) -0。 12(11,-12)

′0      '

3/(t ltt ha continued
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IEI‐γ
(KIV) 一一一一一一一鋤一一一一

‐|」(II) Vヽ:11

δ

一

Rёf.1111

376.82(9) 1420。8 10~… 9~ -0。 168(8) -0。6518(310)

‐0。6507(300)

0.04(2) 0・00(0)

408。 2(2) 2441.6 10~‐ 9~ ‐ 0。 119(65)
-0.4611(2520) 0.07(5) 0.04(3,-5)

923.4(2) 1902.5 10+‐ 8+ 0。 179(95) -0.4856(2577) -0.08(3,-13)

1020。8(1) 2441.6 10~. 1̈0~ 0。235(186) -0。5272(4173)

-0.20(?,‐ 50)

0.63(?,-80

1153(1) 2115 10+‐ 8+ 0.536(100) -1.4541(2712) 0。56(27,?)｀

1228.4(1) 2272.3 10~-9~ -0。799(172) -3.0965(6665) -0.5(3) 0。92(1)

1398.3(3) 2272.3 10~… 8~ -0.044(96) 0。 1193(2604) ‐0.40(15.-2)

219。 2(1) 2660。 8 11‐ -10~ -0。 128(22) -0。5023(863) 0.06(2) 0.05(2)

1/6 to be continued
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ノ

IEャ

(KeV)

E11こ|11

(K,V)
工
=||:「

11(△ |^1) ρo(Ji) VヽoA.
‐δl

Rcr.11到 CST(PIW:)

343.43 1764.2 11-10~ -0.236(11) -0。 9261(431)

-0。7865(334)

0.00(2) -0.02(1)

720。 2(2) 1764.2 11‐‐9~ 0。 218(26) ‐0.5988(714) -0.07(3)

925。 7(1) 2376.0 11+-9+ 0.302(195) -0。 8296(5356) 0.02(17)

1184。 3(4) 2571.8 11+-9+ 0。211(92) -0。 5796(2527) 0̈.08(6,-10)

1212.2(3) 2599.8 (l l*)-9* 0。593(193) 1.6289(5301) 0。 42(30,?)

269.8(1) 2930.6 12-11 ‐0.058(30) ‐0.2300(1189)

-0.4り 48(()89)

0.il(2) 0。 10(3)

490.2(2) 2254。 4 12‐-11 ‐0.249(40) -0.9874(1586) ‐0。 14(6)

833。 7(3) 2272.3 12-10~ 0。28:(46) -0.7800(1276) 0.20(11,― 14)

1●          ●

5/6 lo bc continued
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6/6

|131γ
l

(Keη
la2(A五1) IJ(ユ 1) win.

lδ
l‐ .■ |■ |‐ ||||

IR●■1151

1115。 1(4) 3017.6 ( 12*)- lo* 0.007(58) -0.0194(1610) -0。4948(689) ‐0.30(10,-12)

326.6(1) 3257.2 13~‐ 12‐ -0.013(34) 0̈.0520(1360)

0̈.0762(1347)

0。08(5) 0.04(24)

491。 2(5) 2745。 6 13~‐ 12~ 0.083(124) 0。3321(4961) 1。 12(23,?)

981.2(7) 2745.6 13~… 11~ 0.487(354) -1。3640(9915) 0。96(?「 3)

429.4(2) 3686.6 14~-13~ -0.020(57) -0.0806(2298)

0。3444(1829)

0.08(6) 0。 17(9「 10)

552.2(3) 3298 (14)~-13~ 0.268(75) 1.0806(3024) 0.34(8) ‐0。34(30,?)
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ABSTRACT
This paper is concemed witll thc colllparison bet、 veen thc t、vo、vays

of providillg redundant tinits for a systenl:

(l)COinponent redundancy

(2)Systein rcdundancy
The colnparison bet、veen tllesc 、vays is caFied Ollt by colllparing t1le

randolll   variable representing tllc lifetillle of the systclll rcsultcd fi‐ olll

applying col■ponent redundancy with the randolll variablc l‐ epresenting

the lifetilllc of that restllted 食・oin applying systein rcdt11ldancy usillど

likelihood ratio ordcring

Keywordsi Likelihood ratio ordering;Series systcln;Reliability ftinctioni

Exponential distribution:Active redundancy;Cold― standby redundancy
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INTRODUCT10N
One ofthe mostimpoltant problems nowadays is"how to improvc

device's reliability?".In chis、 vork,the method ofincreasing reHability

known redundancyた conddered[1].
There are two basic types of redundancy, active redundancy and

cold‐standby redundancy[2];alsO,there arc two ways of providing each

type ofredundancy,colllponent rcdundancy and systenl redundancy[3]

In this paper, we lllake  a comparison  bet、 veen  colnponent

redundancy and  system redundancy with respect to each of the basic

／０
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types of redundancy using likelihood ratio ordering

random variable T1 is smaller than the random

Vol. 17, No {, 2006

( we say that the

variable T2 in the

likelihood ratio ordering sense, written T,=,.T2, iff 49 it increasing in
f,(t\

t, where f;( ) is the density fi.rnction of T1, i:1,2 [4] ).Two results are

presented herein, for the first result, we prove that active redundancy on

component level is better than active redundancy on system level trsing

likelihood ratio ordering, and in the second one, we prove that cold-

standby redundancy on cornponetrt level is better than that on svstetrl

level using likelihood ratio ordering also.
'fhe results of this paper are generalizatron results to two of those in

Il]. The results in [] coltcerr tlre cornpanson of (acti'n'e. cold-standbr )

redundancy on cornponent and sy'stern ler,'els bt' ttteatts of likelihood ratto

ordering for the original systern rvhich is a series system of ttvo unlts.

rvftile in the generahzed results of this paper the original s1'stetn is a

series systern of n units, defined in [5], instead of two.
In our results, we need to consider the following notation:

Notation
iid

T
independent, identically distribtrted.
(Tr,Tz,. . . . . .,T,,): independent lifeiirnes of n
colnponents in systeln

U         (Ul,U2,… ……,Un):independellt lifetimes of an
independent set of n spares for systein

Ti∨Ui       max{Ti,Ui}.
τ
l―″F(7)      min{Tl,T2,… …・・'Tn}.
■―″F(7'VU)     min{TlVUl,T2VU2,… ………'Tn∨Un}.

rl一″F(T+U)      min{Tl+Ul,T2+U2,… ……・'Tll+Un).

■―″F(r)十 τl″F(υ )  mill{Tl,T2,… ……,Tn}+min{ul,U2,… ……,Un)・

R (t) reliability function,o < R(/) < l.
Also, in our results, we consider the following assumptions.

Assumptions
1.The lifetime random variables of all the units are independent.

2.The lifetime random variables of the systems in system level

redundancy are independent.
3.The reliability of every unit is not affected by the type of redundancy.

MAIN RESULTS
Result(1):USe assumprons(l_3)

Consider l― ollt―oiniF system.Let Tlぅ T2,… ……,Tn,Ul,U2,… ……,Un be

iid lifetimes with corrllnon reliability ilnction R,wherc Tl,T2,… ‐…_Tn arC
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the lifetirnes of the n original units and U1 ,U2,.......,U,,are the lifetimes of
the n spare units. Then

rr-, r(T)V rr-,,r,(U) {,, r,-," (T\fu)

(Figrrre (1) below represents active redundancy on system and component

levels ).

(a)

Systern redundancy

(b)
Component redundancy

Proof:- 
Figure (1)

By definition of likelihood ratio ordering, it is enough to show that

49 tt an increasing function of t.
J,(t)
Where

f,(r) = - fr V O,-,,r (T y u)>t))

: - *{(2R(t)-R'(t))"}
: n(2R(t)-R'(t))*' (2f(t)-2R(t) f(t)), where f(t):- lxttl
:2nf(t).(R(t))*' (2-R(t))*' 1 t -n1t;1

and

f,(t) = -*{P(r,-,,r(r)V rt-*F(U)O r)}

: -+ {2R'(t)-R" (t)}
dt

: 2nf(t).(R(t))"-' .( I -R"(r))
Letting,

J,,Q) 2nJ (t).(R(r))" ' (2- R(r))" '.1t - ltlr;;
5 I \' / 

J ,o) 2nf (r).(R(/) )'-' (t - R" (/))
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- 
(2 - R(r))"-r (1 - R(/)) ' 

-(1 - R'(r)) .
To show that g1(t) is an increasing ftlnction of t, we must show that
,l
ig, (r) 0 o
dt
But,
d

,1,gtu) 
=

ll:alAI tt'-It t'z-</tf
(l-R',0))'

i.e.,we must show that
rt' Q) 0- R(r)) (l - R', (r)) (2- /i(r))"' - .f (r) (t - R(/)) ( t - R" (/)) (2 - /t1r;; " :

- l(1) (l - /t"(r)).(2-ll(/))" i 
rt.l lt) (/l(r))"' (t - lt(r)) (2 - /l(r))" 6 0

Notice that,

/(r)(l-R'(r))(2-R0))*'-.f(t)(r-/i"(/))(2-tt(t))" '1t-lt1r;;=/(t)(r-R"(/))(2-li0)rro0

since f(t),( I -Rn(t)),and (2-R(t))n-2 >0

and that,
tf (t) (t- R(/)).(l - R',(r)) (2 - R(/))', '1 - nf (r).R', '(/) (r - R(t)).(2- /l1r;1', '

= nf (t).(t- R(t)).(2- R(r))' ' .11-zR" (/))0 0 undertheconditionthat(l-ZR"-t (/)) 0 0

i.e.,tmder rhe condition thatR'-' (l) n l
2

Result (2): Use assumptions (l-3)
Consider 1-out-of-n:F system. Let Tr,T2,....,T,, be iid lifetimes of the

original units. T1 is an exponential random variable with parameter a . Let
Ur,U2,.......,Un be iid lifetimes of the spare units. U, is an exponential
random variable with parameter 0.5 a . Then

Tr_,,, (T) * T v,F (U) < u rr_,., (T + U )

(Figure (2) below represents cold-standby redundancy on system and
component levels).
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(a)
Systern redundancy

(b)
Cornponent redundancy

Figure(2)

Proof:-

Define the distribution fttnction ofr-,p.(i')bV (l-e-""')and that of
rt ,,i..((/) by' (1 - u-0 

t""') 
rve have.

l'',(tS = l'(T,,,,t (7') + rr,,,..((/ ) < t)
t

: l(, - c-osnc/(t-\)),/(l - e-nu\)
0

t

: l(t - e ttina(t-\)) 
@a e''"'')dxJ'

0

ttt --.x ,1, _r_,\5na, 
Ino "_tt.5nax 

,1,:)nd e ,,"

00

:(l - e-ndt )+2e-otnar 7r-o'snat -l)
:l+e-"o'-2r-o'5nat

and

f,(t) = *0,U, = -rd, e-'o' +ro ,-t't'5nat

-O.5nal tt -0.5ralr=nd,e (t-e )

The distribution function of T1+lJ; is defined by:
t

p(7, +U,s/ ) =J (l- s-os"1t n )a(l-r-"')
0

: 
{,o 

u "' dx -e-"t"' 
{,o 

e ",,,, ,lx

= | - e-'' + 2 e-o 
50 t (r- t""' -l)

=I+e-'' -Ze-tt5at

凌θαθ一

′

ｒ

ｉ

Ｊ

ｏ

〓

65



Al― Mustansiriya J.Sci

Thtls,

鳥 (′ )=P(τ14F(r+υ )≦′)

=l― (1-P(二 十〔ノ′≦′))″

=1-(2θ
~05α′_`―α′

)″

and

Vol.17,No4,2006

/:(r)=二 ′l(r)

=/7α (2ピ
°5″′_ピー`イ′

)″

l(C()5“′_cr`′
)

=′αピ
05に′
(2-ピ

05α′
)″

l(1-α (15`イ′
)

Letting

副=チHFWメ軍′‖[」11ギ
効
)

=(2-`ll fr/r)″
l ll」∴万′

|

h∝ettfilI:t茸。留
血Кd Кttt we nced Ю ttow tllat&0麓 翻

Lctting

ん
1(′)=(2-ピ

~05α′
)″

1

α4グ

L2(′ )=|II::|:i:′
;

g2(′ )=ι l(r).L2(′ )

We prove that ιl(r)α″グZ2(r)are increasing functions oft

lt is obvious that」 ら(′ )iS an increasing function oft

Now,we prove that ι2(r)iS an increasing lLInction of t.

Weshowthatjiι 2(′ )φ 0

二卿押
卍°ずlメ:軍
卍°イリ

ニ卿̈ r/rng 77_炒¨
硝“…理
ゆ慟♂″

+05,7α
`~°

5α (″ +1)′ >0

Note that,

(0.5′αθ
~()5υ (″ 1)′ _0.5α ピ

~('5ク
(″ +1)′

)=05α ピ
~° 5“ (″■1)′

(′
_1)10

and that
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(05α c°
5α′_0.5′αθ°5″αr)φ Or/(1-′ θ05(″■)r`r)φ 0

i.cっ f′φ′腎ニキ)

勇卿い“ル″″翻詢″物帥f躍キ)
andん 1(/)is an incrcasing ftinction of t,fol‐ aH t

T1lus,

&い 翻 h∝∽」曜 価 面 mJ蜘 祠∝ 山e∞面 hnぬ ― f軍 |)
and lnence the rcstilt <
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Abstract
In this paper we wiil define the directed core graphs and will give a

method to make any core graph a directed core graph (denoted
byf 

-(H. 
T.T*.v*) ). Also rve will show that the set of Schreier transversal

is the set of all reduced paths in I with labeled 1.. e .\'r-,.\' ' that is in
section 2. In section 3 we will show that the elernents of rhe set ol-
generators of the subgroup H of a tiee group F generat.-d b;, _y =lrt.bl are

in form of up - down reduced words. In section 4 we will give an
example to show the construction of the directed core graph of H. Finall1,.
in section 5 we will construct the up - down pregroup of the directed core
graphs and then the universal group of the up - down pregroup of the
directed core graph is isomorphic to H.

U4lii{4jl
-rJ H 4;"j+ll ;,,oJ f'@.f .I'.r,') a+J^Jl .,,lll .il-.,1..,.,1 q_,r, 1i.,,\.i lra lr,-t J

i jljJl ;;-J;rJrJl J.-lnjl ..r,! b+ _l y = la.bl4c_.^-^lL -"Jll F ;r..lf

olj J+ t- Ji-l - ,Jei olj+ L,^i i..,,._r rli-l - ]i ,.ls;.] ..+ F a;,-lr ;y]H
,. ' lll c:l-il* F" X = {a,bl Ar._. -..JL '"Jll F;;t ;:"-rll H 4S_Nl ;y_,,.I.! a

.H 4j-Hl ;_r^_,X l' @ .T.T' .v') ++: lt

l.Introduction.
Let F be a free group generated by X. The cayley graph of F on X (lt is
denoted by f(r x x)) has vertex set F and set of edges
F x x = {(w,x);w e F,x e x\, such that the initial vertex of the edge (w,x) is
w and the terminal vertex of the edge (.,*) is wx, for every edge (w,x) in
I-(Fxx). For each edge (w,x) in f(Fxx), there is an edge (*,x..r-r) is
called the inverse edge of (w,x), such that the initial vertex of 1wx,x-,;
is wx and the terminal vertex of 1rrx,x-'; is ru The edges (ru,r) of
f(^trx,r) will be labeled by x e x. The cayley coset graph I-(Fx x)/ H of
a subgroup H of F on X ( is denoted by f(H)) have vertex sets{Hrr,:rr.e t-l
and edge sets {(H*,x):u,e F..re x}, such that the initial vertex of each
edge (Hru.-r) in I-(H) is Hw and the terminal verrex of each edge in f(Ht
is Hwx. The Core graph of a Cayley coset graph of a subgroup H of a free

Al- Mustansiriya J. Sci Vol. 17, No {, 2006
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group F on X is the smallest subgraph of r(H) containing all cycles. It is
denoted by I-"(H).The number of cycles in r'(H) is called the

cyclomatic number which is equal to the rank of the finitely generated

subgroup H of a free group F on X ={a,b\. Let v be a vertex of r'1H;,
then the number of edges incident with the vertex v is called the degree

of the vertex v It is denoted by d(v) lf Ap1>3, then the vertex v is called

a branch point. Let m be the rank of a finitely generated subgroup H of
a free group F on X : {a,b}, such tlrat f.(H) have vertices of degree 2

and 3 only, then rr -#Rt(|_'(H)) +l , where #ur(f"(H)) is the nurnber of
2

branch points in f'(ff). Now tf r.1nlhas vertices of degree 4,3 atrd 2.
then by isornorphrc ernbed defined in Il0l as below (p l' -> /' 'b1'

e@)=,,v ' atld qft)= r't, where l''' is a fiee glotlp generated by the set (rr,

u} to have a new Core graph with the set of labeling {u, v\ and vertices of
degree 2 and 3 only. Stnce the core graph r.(H)may have loops, so by

isornorplric ernbed, defined by Q@) = a2 and 4t1t1= 6' , tfien we have a

new core graph f. (H I without loops. Henceforth we will assurne tltat all

core graphsf.(ll)are core graphs without loops

2.Directed Core graphs
DeJinition 2.1: A directed core graph of a subgroup H of a free group F

on X ={a,b}, can be rnade from f.(H) as below: i) Choose a base vettex

v*; ii) Choose a maximal tree (spanning tree) T from f. (H); iii) Let the

direction of all edges of T be away from the base vertex v*, that if the

directionof anedge ee Idownandlabeled xe X={a,D} ,thenrnakesthe
direction of e be up and labeled x-t e X ' ; iv) The direction of all edges

ee f'(H)lT be as inl-.(H) , away from the base v* ,which are called

chords as in [31.
N.B. i) The directed core gaph of H is denoted byr-(H,T,T*,v*). ii) The

direction of all edges in T are up and away from the base vertex of T. iii)
Let U be the set of all distinct reduced paths P in T with labeled y" ,

where !",eXv-tXt,e, e E(T) andt<i<n
DeJinition 2.2.Let u- ))e,,!",,L /",. be reducedpath in T, then z is called

a maximal reduced path in T if t(u) = r(e,. ) is a maximal vertex in T and

tlre set of all reduced paths in T is denoted by u'. Thus (t' c(l
DeJinitiort 2.3: Let u=!",!".1\ y". be redttced path in T and let 1'. be

tlre labeled of the chord e,.., in f.(H;i 7', sLrch that i(",".,)=t(e,.), then
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deflne the sct υ・to be the set{Iry...:2′ ∈υ,Iりら"J∈
こ/if g′″J∈ ア,Iνら″.l∈ υ if

ι
,″+:∈「
・
(〃 )/r}.

Henceforth we will denote the edge e,.., and the labeled 1',..,

and y" respectively.

of e,..,bY e

DeJinition 2.4: Let u and v be any two elements in {/', then rve say that
u<v if uisa subpath of v, u <v if z is asubpath of v and r, *v andu-
vif u:1 v 2ttd v1u.

Propositiort 2.5: The relation defined above is an equivalence
relation.-;
Lemma 2.6: Tbe set {/.ltas exactly one reduced patli rf each patlr in {/.
under the relation .- defined above

PrOOf: Let x=trv" and 1'= lJ'" be redtrced paths i. Ir' arld strppose that

x - y . Since u and v are unique reduced paths in T. so b1, definition of -.
we have x y. -
Lemma 2.7: The elernents of tl' fonn a tree like, that is if-.r,.r and z are

elements in L/., such that .r < z and y <;, then .r <.y' ot ) <.\-.Moreover

the relation < is transitive.
PrOO.f: Letx = uye,y =vye, and z =wye.be elernents in t.l' Sincex < z2[d

t3z, so eitherx and y are reduced paths in T and irnplies .r<)' or _)iS.y,

or one of them is not in T and then we have y - z ot .y - : . Therefore.v < 1,

or y < x. It is clear that< is transitive. Therefore the elernents of (/. fonn a

tree T 
-.E

Since each reduced path in T 
- 

is unique so the relation "- (defined above)
is an equivalence relation and each class is denoted by luy.). Then the

vertices of f' are the classes lry"l.
DeJinition 2.8: For any two vertic€S v, =fuy"l and v==fv!",] in I., we

say that vr = vz if and only if Huy" = Hvy",.

Lemma 2.9: If u, and v, are two vertices in T' defined above, then

vr = vz if and only if uy"(vy",) ' forms a cycle in f .(r/).

Proof: That v, =v. if and only if Huy" = Hv!",, if and only if uy"(vy",; 'is a

cycle in f'(I1).[
Proposition 2.10: The relation : defined above is an equivalence

relation.
Proof: By the definition of = defined above the result follows

Lemnru 2.ll: For any reduced path uy"in /.i /', there is a unrque reduced

path v in 7'such that uy"t' ' is a cycle in I-.(H). i.e. uye = t,.

Proof: Since uy"e'f' /7'so y" is a chord. Thus there is a reduced path u in

7 strch that uy"v'rs a cycle in f'(H)(by the definition of a chord).
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Suppose now there is another reduced path z tn T
cycfe inf'(H). Therefore /(v) = t(z)znd vz 'is a non -

W.S. Jassim

such that uy", 'is a

trivial cycle in T, a

T* such that

of a chord e'

contradiction .Thus v : z. I
N.B. v (defined above ) is denoted by ,x in 14,5,61.

DeJinition 2.12: for any two edges e and e' inT 
* 

, we say that e=e' tf
and only if (i) e and e' have the same labeled , (ii) i(e) 

= 
i(e') and

t(e) = t(e') .

Lemmo 2.13: The relation - (defined above) is an equivalence
relation.

Proof: Directly by definition of = the result follows.
Lemma 2.14: T 

* 
has exactly one edge of each edge class under the

relation =.
Proof:Leteand e'beanytwoedges in T- sLrchthat a=c' . SrnceThas
exactly one vertex of each vertex class trnder tlre relailo,1 .., , So g and "'
are not in T. Therefore either (i) c and e' aretn'l'. l't'or (ii) c e 'l'. l7 ancl

e'e T. If (i) holds, then ,(e) and i1e';are in T, i1a1 : i(e'), t(a)-r(c') and

tlren y" = y", otherwise we have a contradictron. Therefore we ltave an

inconsistent graph T* a contradiction. If (ii) holds, we have i(e) =i(c') and

i (e),i (e') e I a contradiction.-

Now by identifying the vertices of the same class in T. we have a directed
core graph for H (defined above ).

3. Nielsen - Seherier'fheoerem
Lemma 3.1: lf uy" and v!", are two reduced paths in

try" < vy", alfrd Hu!" = Hvy", , then vy", € T and y", ts a labeled

dr,d y" is the labeled of an edge in T.

Proof: Suppose vy",e T. Since Huy" = Hvy", zrrd uy" < v!,, , so uy"(vy,,) t

is a cycle and uy" e T respectively. Thus zry, and vy", are both reduced

paths in T Since T has no non - trivial cycles so u!, : vtn a

contradiction. Henca vy", eT. lT and e' is a chord and y, is a labeled of an

edge e in T. L-l

Therefore the reduced paths in T. form the minimum reduced paths in the
class under equivalence ielation -.
Corollury 3.2: Let I; be a free group generated by X = {a.h} If x and y are

two reduced words in F such that x < y and Hx : Hy, then y is alabeled of
a reduced path not in T .

Proof: By Lemrna 3. l the result follows. I l
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Lemnm 3.J: Let *- 1",/",, y",._,y",, be areduced word in F, n >t. If x is
a labeled of a reduced path in T,then the y = /",,!",, L !",._, is a labeled of a

reduced path in T.
Proof: Since y < x ?nd xe?", soy is a reduced path in T and then in

L/. 
",Lemmo 3.4: The set A: lrty,t,,y"l-';a is tlre labeled of a reduced path in

T and y"e xu-tX-' is the labeled of an edge c in T.) generates the
subgroup H ofa free group F on X : {a, bl
Proof: Let .r = 1",/".A y". be a reduced rvord in H so .r=.I. .,.,,\.,.. is a

redtrced closed path in f.(H.7',7'.,r,.y wrth labeled _r.. =.\.-,.\' '.t : 7 sri

starttng artd ending at tlre base vertex r,*. Therefore tlrere rs a sequence of
tnaximal cornmon reduced paths rr,,rr.,A.rr,,., in T starting at r" such that

,,,*, ;). , and a,=u,!",trrv-l' in A for all j, l..j <n, so

ctrct"A, un = lt1-l'e 11.1,\ ll,ill ,,-l'".tr,,), =,,rr,,,,t-r.Sincg l1I; = ,,' = r(rr,L ) and

i(e,)=v,,=i(tt,1'" )=i(u,), so the maxirnal cotnmon reduced path betrveen

ut and c, is r", ond also the tnaximal cornmon reduced path between

e,,ar1d r,*, is v".Tltus u, :7 ard a,-,: l. Therefore x = ata-z\ a, in H.

Lentmu -1.5; Let at be the labeled of a reduced path in T and ),, € X ,._,, X I

is tlre labeled of the edge e in f.(H,T'.,7',r,.), then (i) ,,t.(r,.ri) ' = t if and

only if rty" e 'l-. (ii) rr = rr,
Proof: Since ,* it the only reduced in T such that tty"f,,y"l , is a cycle in
f.(H,T,T*,v-), So uy"(uy")-t =tif and Only if uy"(uy") ' is the trivial Cycle

in f- (H,T,T* ,r'), if and only if u!" = rn ,f and only if uy" e f (ii) Since

tty" eT'and uy, e r ,so iy"y"' is an up- down reduced subpath of uy"y;,tt ,

in f*(H,T,T',v.), such that 4ry"yi) : t(r) and then ar is the unique
reduced in T such that -ty"y"tu-' is a cycle in f'(H,i,T'.v'),. Therefore

u = lryey,t .a

Lemma 3.6: lf uy" and vy,, zte two reduced paths in T'lT',then either (i)
y,(uy")-'vl",=1, in which case ,=ry", y".=y;' and u=vye. or (ii)
y"(r,y") 'ry" is a reduced path of Length at least two such trrat

i(y"(uy"S I r,y,,) =i(1',) and tU"(t,y") 'r,y,,) = t()'".) .

Proof: Since uy" and rl'. are in T'lrand, y"and y,,are the labeled of the
clrords e and e' respectively. Therefore there are unique reduced paths
,,y, andtt , i" T such that ,y"(uy") ' and uy"(w) ' are non trivial cycles
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in f'(H,T'.T,ro). Thus the maximal common reduced path between ,11

and v is t, implies that either (1) (ry, = k =v), (2) k = uy,.t < v),(3)

(k=v,k."y"1 or (4) (u<k,k.ry"l holds. Now if (1) holds, then either

y,.y",=1 implieS y" = y;) , uy" =u, , =ry,., and then y,tuy,l''uy...=1 , or

y,.y",*t implies y"y,,is areduced path of length 2and then y, 1uy,1 
tvy,.,

is a reduced path of length 2. lf (2), (3) or (4) holds , then t,,y t ' r'r 1 ,

implies y"(ry")-'ry",is a reduced path of length at least 2 such that

i(.t,,.(uy,)-t r,/,.) = i(y, ) anu tty,.try,\ 'vy,,,) = t(y,,).

Lemnta 3.7: lf uy" is a laheled of a reduced path in 7" l7', then all

recluced paths try,1uy,)-'are distinct and the set of thetn is equal to the

disjoined union of the sets B and B-l , where B=t,u1 ,t[r ' :r is a labeled

of areducedpathinTand y,. isalabeledofanedge einT. l7', y, e .\'i

Proof: Since ur,, e Tr lI, so l is a labeled of a chord. By Lernrna 2.ll
rlrere is a unique reduced path *, in T sLrch that rr r0' ): t( r )arrtl

try,1uy"1-'is a non trivial cycle. Since all chord of l--(11,1',7*,t*) are

distinct so all non trivial cycles uy,{rl,f' are distinct of B . Now Let

B-t -t(ry"Q,D|1-' :uy,t,nl' € B\. Since (,0', trl:.t-' )-' is the inverse of

,,1,,,1iy "1-t , So (uy,(ul")-t \ ' = ,y,y"'u-' is a non trivial cycle in
f'(H.T.T*.v*). Since ),,.* y;t so all elements of B-' are distinct and then

all elements of Bv B-t are distinct.f
Theorem 3.8 (Nielsen - Schreier ) : Let F be a free group generated by

Xof rankn, andH be a subgroup of F.If His of finite index g,then H
is finitelygeneratedfreesubgroup of rankm suchthat m: g(n - 1 )+ 1.

Proof: Since H is of finite index g , So f(l/) = f 
-(H) and then

#V(f(H))=#V(f.(H)) : g By Lemmas 3.4 and 3.7 A=BuB-r u{l}
generates H and then 11 is finitely generated by B.Since each non trivial
cycle has only one edge of r'l?', so the rank of H: m: #E(T'lr).lf
x,xr/\ x, is a reduced word in H, where x, e 8,1< i < t, then by Lemma3.6

x,x,/\ x,*1. Therefore H has no non- trivial relation and then H is free.

From graph theory we have d(v) = 2n,
g

Σグ(4)=2#E(「 '(〃 )),

# E(f. (H)) =# E(T)+# Eg' I D and # EQ) =#V (T) - t, Therefore

2ng :2(S -1+ m). Thus * : g(n - I ) + 1. l
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4. An Exomple. Let r'@)of H
below:
r(I-'(r1)):

T(f' (H)):

fr (H,T,T' ,v') :

Vol. 17, No -1,2006

of a free group ^F on X : {o, b}be as

b

Figure 2

b-l

r'(「
°
(上r)):

b

,,L
(t"a

o-1 " [-.--*--
b

2

a。
lib a

FIGURE 4
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Therefbre the set B = {xt,x2,x1,x4,x5,x6) , where xr = b.a.h-t u t ,

xt = abcta.a.b-t o-'a-'a-t , xt = abaa.b.aa , xq = aaabab.b.ab-t a ,

x; = aaabab.a.ab-t a , x6 = aaaa.b.ba-ta-t a-t a-1, where the letters between the

dots refer to the labeled of the chords.

up-down Pregroup directly from the
subgroup H of a free group F on

5. Directed Core graphs and their Up - down Pregroups
In this section we will construct an

directed core graph l'14, T,T' ,v') for
\' - 1., h\.r - lrr.r,, !

Pregroups
The idea of Pregroups goes back to Baer ll I and independently the
deflnition of Pregroup was given by Stallings [ 1] in 1971. The Theory
ol-l)re-eroLrps were developed by Rirnlinger'[7[ , Staliirigs iill. Hoare [21
and Hoare - Jassiru t3l.Norv tern back to the origin deflnitiorr of'
Pregroups [1 1] .

LetP beasetwith anelement I e Pand antappingof asubset Dof
PxP into P, denoted by Q,y)u xy. We shall say that xy is defined
instead of (.r.-r,) e D. Suppose that there is an involution on P denoted by

.r cr i' ', such that the tbllowing axioms hold:
Pl:xl: lxforall xeP .

P2 : xx-t :1 = x-rx for all x e P ,
P3 lf xy is defined , then r_'x-' is defined and (xy)-r = y-'x-' .

P4 : if xy and yz are defined then (*y), is defined if and only if x(yz) is
defined in which case the two are equal and we will say xyz is defined.
P5 : For any w, x, y and z in P , if wx, xy and yz are defined then either
wxy or xyz is defined .

Hoare [2] showed that we could prove axiom P3 above by using
the following proposition, Pl,P2 and P4.

Proposition 5.1: Ifxy is defined, then Qfiy-' is defined and equal to x. I
DeJinition 5,2, [2] : For any x€P , put I(x) ={aeP:ax is defined }.We
write x<y if L(y)cL(x),x<y if L0)cL(l and L(x)*L(y), andx -yif
L(x) * L(y).It is clear that - is an equivalence relation compatible with <.
The following results are taken from Stallings [11] and Rimlingerf].(
See [2] for shorter proofs).
Proposition 5.3.
(i) If x< y or tSx, then x-'y and y-'x are defined.
(ii) If xa and a-'y are defined, then Qa)(a-ty) is defined if and only if xy

is defined in which case they are equal. ,
By using axiom P5 above (will be denoted by P5(i)) Rirnlinger [71

proved conditions P5(ii) and P5(iii) of Lemrna 5.4 below.
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Lemmo 5.4 121 . The following conditions on elements of p are
equivalent :

P(i). If wx,xy andyz are defined, then either wxy or xyz is defined.
P(ii). If x-ta and a-'y aredefinedbut x-'y isnot,then c< xand a<y.
P(iii). lf x-'y is defined , then x < y or y < x.-
Therefore we will say P is a pregroup, if it satisfies axioms pl,p2.p4
and the conditions of Lemma 5.4 above. The universal group of a
pregroup P Illl is denoted by U(P) and has the following presentation
<P;x.1, =11' whenever xy is defined, for -r-. )'.€ p >. Now if P is a pregroup
, then (/'.<) is tree - like partial ordering, rhar is pi- has a minimurn
element and. foran)/-T,_.,andz in P..r<: ot-td -1.<: we have.r<_r, or
y < x . Moreover Rimlinger in [7] showed that fbr any element -r in p, we
say that x hasfinite height n > O, if there exists a maximal totally ordered
subset {xn,.r,,A .x,} of P such that 1=}-o <.rr <A (..,, =_r.Also he showed
that the eletnents of P f,orm an ordertree (denoted by,O ), rihose rer-tices
, [r] , are the equivalence of elements of P under '-, and u.hose edges e,
are tbnned by joining each vertex [x] of height n> 0 ro rhe unique vertex
[y] of height n - | satisfying [,r'] <t.'land all edges e of o are directed
away the base vertex Iro]of height 0. In Il2l Stallings consrructed an up

- down pregroup for a free group ^F generated by .y =tct.b) of finite
height and he showed that U(P) the universal group of a pregroup p is
isornorphic to F. In [3] we constructed a directed graph of groups of p
directly from the order tree o of P and then we showed that the
fundamental group of a graph of groups tr,(G",G",y,T.v',rp") is
isomorphic to u(P) and also we constructed an up - down pregroup e
directly from the directed graph of groups (G,,,G",y.T,v ,e") of a

pregroup P and we showed that u(q is isomorphic to
Er(G",G,,Y,T,v',e") and then U(e)=U(p). In [8] Rimlinger constructed a
pregroup structure Q for subgroups S of U(P) by usirig Cayley graph of
u(P) such that all elements in A are E- reduced , that means if
x = x,xrl\ x, is an E - reduced word in Q, then x,x, r\ x, e e for all i such
that I <i<n.
Definition 5.5: Let uy" and vy",be reduced up - paths in T- such that
uy, = y",y".L y", is a reduced path in T with labeled !,., e X w X-,, I (i < r
and vy", = !"i))",. /\ /";!",,-, is a reduced path in T- with labeled y"., e X w X-, ,

1< i <r, and whether r",= !"i., is a labeled of a chord or not. we say that

uy, it a subword of vy". if and only if €, = €', and then y. = 1", for all j,
l<7S r<t+1. Thus we Can write v!",=rnr'.r,.=),")',,A J,. ),.:. A -r.-r...
where v' = !,..,, A, f 

"i 
.
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Definition 5.5: For any x, .y in B defined above , ( where x : LU"ry.-' ,

!: v!",vy", ), we say that x.y : xy if and only if uy, is a subword of vy", .

More precisely if ,k is a subword of v. It is denoted bV ,ll svt,,.
Definition 5.6: Let B* be the set of all reduced words x,x"A x, with
identity element l, where x,eB drrd x,x,*, is defined forall i, l<i <r-1.
Thus ^B'={-r, xrl\ x,;x, € B,x,x.., is defined for all i, t<i </-l}.
N.B, (l) If aeB',then d.=xtx)Ax, andthen a =tlr!",tt'.y".h,,',y,r,)\'.
rvhere u', = tt, , u', iS the terminal wOrd Of u , Of the element

x,=u,li,.,ut),,., ,l<i <l and ),,. isthelabeledofthechord ei Q)If ae Br,

then cx. is called an up - down word, where the Llp part of u is

tr',1',,tt'.1',,.A rt'1',. and the dorvn part of cr is the down part of r, which is

equal to [[ .

Definition1.7: For any two elements a, .a, e B', then we say that a, aa.
if and only if a, is a subword of a,.
It is clearthat the relation " is a subword of " is an equivalence relation.
Lemms 5.8: The relation " is a subword of " of elements of B. is tree
like , that if dt 1a. and dt { d, then &, 1d, or a,, 1s,.
Proof: Directly by the definition of " a subword of " the result fbllows.
Remork: since f. (H .T.Tr .v" ) is a finite graph so ,8. is a finite subset of H
containing the identity element 1 of H. -,
We now define the set K : .B- .Br-' = {o.0-' ,a0'' is defined and a, p e B. }is
the set of all up - down elements of H.
Lemmo 5.9: Let k, = d,p,-t, k, = ar/r' be two elements in K , then
k;tk,=(o,|-')-t(or0r') is an element in K if and only if a, is a subword
of a, or a,) is a subword of a, .

Proof .' Let dr = ul!",u'ry",L uiy",t\h-' and az = vi!"ir'ry",L u',y",,r',yq ' .

Then k,-tkr= 0,a,'argr' is defined if and only if u',!",=v',y", if and only if
all edges e, ,e', in the reduced paths ui,v', respectively are equal and then

the labeled y,,,/"; of all edges e,,e', in ui,ui respectively are same, and

the chord e, with the labeled lr",is equal to the chord ei with labeled

),"i,?fld more reduces happen only to up - down elements if and only if
all edges e, with labeled y", in a, is equal to the edges cj with labeled 1,.

in a, in case t < r or all edges ei with labeled _i,,, in o, is equal to the

edges e, with labeled !,,,in a, in case r<t a.fidthis happen if and only if
a, 1a, or Gz 1d, respectively.I
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Lemmo 5.10: Let kt = a,grt and kz = at7t' be reduced ,p - down
elements in K. If a, is a subword of a, then k, = a,p,t S k, = drgi, .

Proof .' Suppose that at is a subword of a.. Now if there exists
kt =d,|tt in K such that k;tk, =(ar/r,)',(o.\i, ) is defined that mean
k;tkre K so by Lemma5.9 a, is a subword of a, or ar is a subword of
ar. Since at is a subword of ar. so in both cases we have at is a

subword of a., or d3 or a1 is a subword of a, . From both cases we have
k;tkt =(a./l,t)'(a,0,' y is defined and then an elernent in K. Therefore k;,
is an element of the set L(k,).irnplies thar 1-(k.t is a subser ol'zrt, ;. ancl

then k, = a,0,t S k. = a.0.' .

Lemms 5.ll: Let k,=Gr\,' and k.=a,0,' be tri,o elerrrents in K.lf
k, 'f, is defined in K. Then k, . k. or k. < /r, .

Proof: By Lernrna 5.9 above we have a, is a subu,ord of a, ol. a, is a
subword of a,. Therefore by Lemma 5.l0 we have k, < t. or k, < k, and
then Pliii) holds.

Theorem 5.12: K = B..B' is a pregroup.
Proof: Since K e H. so Pl,P2 and P4 hold and by Lemma 5.ll above
P5(iii) holds. Therefore by the definition of p defined above we have
K = B'.8--' is a pregroup . i.
Exomple 2. In section 4, we constructed a directed core graph
fr(H,T.T',v-) for a subgroup H of a free group F onX: tta, b), and from
f' (H,T,T' ,v') we constructed the generating set B for H , such that
B = {xt,-rr,xj ,xr.xr,xu} , whgre xt = b.a.b-'r, ' , xz = (tbtta.cl.b-'a-'ct-t r,-, ,

xt = abaa.b.let , xt=eoabab.b.ab-ta, x:=0oubctb.a.ab-ta !

xe = aoea.b.ba-t a-'a-ta-' , where the letters between the dots are referred to
the labeled of the chords. Therefore the set B* :
{l,xrrxrrx3)x4,x5,x6)xtx),xtx3rx.tx4,x)x5,xtx)x..xtxr.trj}. ThefefOfe thg Ofdefed
tree of the up - down pregroup K = B'.8'-t of the subgroup H of the free
group F on X: {r, b} is as below:
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FIGURE 6
We now construct the directed graph of groups ({t} , y 

".y 
,T ,vr) for the up -

down pregroup Q of the subgroup H of the free group F on X: {a, bl by
using the method which was given in [3] as below:

-tx)x4.x1x4xs

-l -tx)x4x5 x)
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lχ 2 
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l
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e1 el

Figure 7

By identifuing the verliccs of the same classes in Figure 6 we have the

directed graph of groups of the up - down pregroup Q which was

constructed from the directed core graph f '(H, T.T' ,v') of the subgroup H

of a free group F generated by ,Y : {a, b\ .

{1}

但)□

FIGURE 8
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Abstract
In this paper, we introduce two concepts, gnr -closed sets and g',n-closed

sets in the rninirnal structure space.Many properties of these concepts are

stLrdied comparable with the satisfying results relative to .g - closed sets in the

topological space and (g-) closed sets in the Alexandrotf space.

e.,..ayilt

d g"rr-aitL-oil iLcr^;-.I1, gr7,-iiili-oll il-cr,^'^Jl .i-Jts, lj^i'"'-,ll l- J
4-ii=i^ll e\iilU.-,f .i-;5:i;r;^36-iJt ;U.rlrll J- +:rll . a;;,,-Yl ;iJl el" q

,.L:s ct' g'- a-i!,-il CrLcrr"-^ll , ..=+!:+lt cl-;"iJl .,s g - aiili-ll :rlc_5'"--Jl J .+^ll+

. j3;ri',(ll

Introduction
The concept of minimal structure space was introduced firstly in 1950 by

H.Maki , J.[Jmehara and T.Noiri in they work "Every Topological space is

preT,,, ".LJsing these structure various mathematician turned their attention to

investigate and studied these structure by considering m -open sets instead of
open sets .While open sets are replaced by *-open sets, new results are

obtained in some occasions and in other occasions substantial generalizations

are exhibited.
In this directions, in 2000, Noiri and Popa Il] working on this structure and

introduce the concepts of m -compact andm -connected, which various
properties of these concepts are given and investigate.

Later in 2001 ,H.Jabar further the study of the concepts of m -compact and m -

connected and introduce the concepts of m -separation axioms and m-almost
continuous functions , later M.Aliohammad and M.Roohi [2] studied the frxed

Keywords and phrases: Minimal structure space, Alexandroff space,g-closed sets.

g* - closed sets.
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point property .Our aim in this paper is grew depending on work of Das and
Rashid [3] ,that can be displayed as:

ln 1970, Levine [4] generalized the concept of the closed sets to g - closed sets

(A subset ,4 of a topological space (X,r) is said to be g -closed iff cl(A) c. O ,

whenever A c O and O is an open subset inX ), and he shows that g -closed

sets possess many of the faniliar and important properties of closed sets.

In 2003, Das and Rashid [3], working on Levine research [4] present a new
equivalent form of g -closed sets called g. -closed sets by using another space

called Alexandroff space where only countable unions of open sets are required
to be open, various properties of these sets are investigate and they show thatg-
-closed sets do not always behave likeg-closed sets,so in some of these cases

they try to find out the conditions under which their beha.,,ior be the same. So,
our r-nain interest here is to introduce a new equivalent lbrtls of g -closeci sets,

nantely gaz-closed sets and g-rir-closed sets, by Lrsing rninirnal structure space

and investigate the results of Levine [4] and Das and Rashid [3] ,for which we
show that some results in [3] are also satisfo in minimal structure space without
needed to Alexandroff space assumption as in theorems 2.6,3.9,3.1 I .Moreover
, in section 4,we introduce the concepts ofgrr-open sets and g.nl-open sets and

investigate their behavior with respect to g-open sets [4] andg'-open sets [3] .

Finally, I would to refer that the concepts of gnt -closed (open) sets and I m -

closed (open) sets, are novel to the best of our knowledge.

l. preliminaries
Definition 1.1[1][2].A subfamily my of the power set P(X) of a none-empty

set X is called a minimal structure (briefly, n -structure) <;nX if q e m *
and x e m x.In this case (X ,m, ) is called rr -space.

Each member of m* is said to be mx-open and the complement of an mx-
open set is said to be m y -closed set and c(m x ) the collection of all lrl, -closed

sets.

Definition l.2]lt2l.Let(X,rny)bean m-space, fora subset A of X ,themy-
closure of ,a and the m* -interior of A arc defined as follows:
(t) ** -ct(A)= t {r' : A c. F,F e c(mx) \
(i1) my-int(A)=V{U :(J c.A,U e mx \

Note that my-ct(A) is not necessarily mx-closed, also m*-int(A) is not

necessarily mx-open.

Lemma 1.3[1]l2l.Let (X,mx)be an m-space, for a subset A of X, the following
hold :

tnu -int(Ac)=Imx -cl(A)lc and m* -ct(A')=lmx -int(l)lc

83

ゝ
ノ
′
い



Al- MustansiriYa J. Sci V01.17,No4,2006

(ii)   If∠ ∈C(″χ),then″χ―ει(/)=И andifA∈
″χ,then″χ―int(И)=/

(iii)  ″χ一C′ (φ)=φ ,″χ―ε′(χ)=χ ,″χ
一int(φ )=φ and″χ―int(χ )=χ

(iV)   If И⊆3,then″χ―ε′(И )⊆ ″χ
―ご(3)and″χ‐int(/1)⊆ ″χ―int(3)

(V)   И⊆″χ―C′ (И)and″χ―int(∠ )⊆ И

(Vi)  ″χ―
`′
(″χ―

`′
(/))=″χ―

`′
(∠)and″χ―intolχ ―int(4))=″χ―int(4).

Deflnition l.4[1][2].An″ ―structure″χ on an non― empty set χ is said to have

property(β )ifthe uniOn of any fanlily of subsets belonging to″
′́Y belonging

to″″χ .

Lemma l.5[1].For an″ 2-structure″ χ On anon―empty set X,the following are

equivalent:

(i)′ ,″χ has propelty(β )・

(ii)lf rraχ ―int(/)=/,then/∈ ″′χ.

(五i)If″χ―ε′(F)=F,then F∈ c(″χ)。

Lemma l.6[1][2].Let(χ ,″′χ)be an″ ―space with property(β ).For a subset/      ～

of jγ ,the R)1lowing properties hold:

(i)И ∈722χ 〃 ″χ―int(И)=∠ 。                        ,

(五)И ∈C(″2χ )1″ ″χ―グ(∠ )=И・

(i五 )″χ一int(И )∈ ″χ,and″χ一ε′(И )∈ c(″χ)・

Deflnition l.7[3].Two Sets/,3 in an″ ―space(χ ,″χ)are said to be weakly

separated ifthere are two″ χ―Open Sets υ,/such that∠ ⊆υ,3⊆ /and

/1/=BI υ=φ .

2.魔ン c10Sed sets
Deflnition 2.1.In an″ ―space(χ ,″χ),a subset/ is g“ Y― C10Sed if

″味―c(4)⊆ 0,Whenever И⊆O and θ is″χ―open.

Deflnition 2.2.In a rninirnal space(X,″χ),a Subset И is g° ″́t′ 一C10sed ifthere

is an″χ一closed set F containing/such thatF⊆ 0,whenever И⊆0,and O is

″χ_open.

Remark 2.3.Every J“ χ
一 Closed setis g*″ χ

― c10Sed and every g° ″ 、
′― C10Sed is          ‐

g“ A~Cl°Sed i.e.″χ―c10Sed=⇒  g°″v― C10sed=⇒ g“ 、
一c10Sed.

The convcrse is nottrue in general as shown by the fo1lo、ving examples:               `
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Exarnple 2.4.Let y ={a,b,c}'mx--{0,X,{a},{r}} and'q=lo,b\' Arsgrmr' -closed

since Xis the only m* -open and m* -closed setwhich contain A ,but Ars

not my -closed set.

Exarnple 2.5.Let y = {a,,b,c,,cl,e,,fl,m, = {$,X{a,b,c,el,{b,c,d,f l,{o,d,f l',la,d'e\l

and A ={b,c}. mr -cl(A)=A,soonecaneasilycheck that A is gmr. -closed. but

,4isnot g mx-CloSedsince {b,c,d,fl,{a,,b,c,elate mx -opellCOntainingA,but
there is no mx -closed set F, such that A C F,F c- {a,b,c,e\ and

F c. {b,c,d,fl.

The proof of the following theorem is similar to the proof of theorem 3 [3],
so is omitted.

Theorem 2.6.Let(X,mx) be an m- space,andAc. X . A is g'mr -closed ;7
there \san mr -closed set F containing I such that F - A dose not contain

any non-empty mx -closed set.

The following theorem and example show that theorem2.6 does not hold if we

replace g*m.r -closed set by Bmx -closed set.

Theorem 2.7.Let(X,n x) be an m- spaee,andASX -If A isagm;. -closed
set, then m.y - cl(A) - I does not contain any non-emptY m , - closed set.

Proof: Let F bea m^ -closed set and F cm, -cl(A)- A,thenF cm, -cl(A)
and F I A=d --------) (l)
Since ^F' is m\. -open, AcF' and A is gm,. -closed,hence m\. -cl(A)c-F'
, thus F qLm, - cl(A)l' --------| (2)

From (1)and(2)wehavethat .p'Cffi.t.-cl(A)l ln, -ct(A)l' =6 ,therefore F =d.

Exarnple 2.8.LetX = {a,b,c,d,e}, ffi., = {0,X,{o},{b} }

andA:{o\.my -ct(A):{o,c,d,e}. Clearly I is not En1r,-closed, but { is the

only m r. - closed set contained in frl.r. - cl(A) - A .

The following theorem shows that the converse of theorem 2.7 holds under

additional supposition.

Theorem 2.9.Let(X,mx) be an m- space with property (B) and A=X . A is

? gmx -closed set iff mr -cl(A)- does not contain any non-empty tz, -closed
set .
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Proof: The necessity condition is theorem 2'7.

Sufficiency. Suppose that A e U (U e m, ) and nt, - cl(A) qU '

m\ -cl(A)l u'*Q ,but tn\ -cl(A) bylernrrra(1.6, iii )is rr, -closedand

U' is also m,. -closed, thus by property (p) ,nx -ct(A)I U' is m\. -closed,

which is a contradiction.'fhus ttx -cl(A)e U .

Corollary 2.10. Let(X,my) be anm- space with property (P) andl is

dgmx -closed s€t. msl -cl(A'1- A is my -closed iff A ismr -closed.

Proof : The result follows from lemma (l.6,ii , iii ) and theorem2.9 '

Remark 2.ll.Clearly if A=mx -cl(A), then A isgm.r -closed, butthe

converse is not true as we shown by the following example'

Example Z.l2.Let X - {a,b,c,,dl,mx = {0,X, {a\,{d\l and'q = la'bl ' Clearly

A+my-cl(A'1 and A isgm.r' -closed'
We show in examp le 2.4 that g' m ., - closed set is not necessarily m .y - closed.

In the following theorem wu give equivalence betweert g m t - closed set and

m y -closed set under additional supposition'

Theorem 2.l3.Let(X,,mx) be an tn- space''andA€trt1, then:

A is g' m 
^. 

- closed ilf A is m.y -closed '

The following example shows that theorem 2.13 is not truc if
wereplace g m r - closed set by 8m.t - closed set'

Exarnple 2.L4. Let X = {a,b,r,d\,n1 r' = {O, X,lo,b\,t cl,ld\ ) and A= {a'b} en'tY

Since A=ffir.-cl(A), thus A isgm., -closed, butA is not nl,. -closed'

The following theorem follows directly frorn definitions2'1.2'2'

Theorem 2.15. Let 1X,nz.r )be an m- space, and,.l e X '

(i) ,a is g' nl.t.-closed iff there is an re.,,.-closed set F containing I such that

F g ker(zl), where ker(l) =I {U'. A c (J,(J e m.r' }

(ii) ,a is gm.r.-closed ,ff m, -cl(A) c ker(l) '

Remark 2.l6.In a topological space the union of two g -closed sets is also g -

closed t4]t5] , this statement is also true in Alexandroff space [3]. But this is not

true foi gi" -closed sets and also for 8' m x-closed sets as shown by the

following examples.
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Example 2.l7.LetX = {a-b.c-tl-e- fl ,

nt, =\6.x.la,b,c,e l,\b,c.d,.7' l.\o,rJ..f \,\a,d.e )| and

tr=lb,c \,8={d,,t \.m.y -cl(A)= A and ntr' -cl(B)= B 'One can easily checkthat

A, Bare both gmr-closed sets .But I Y B = {b,c.tl,./} is not gn''-closed since

,tt x - cl(AY B) = X , and AY B is 2.r, -oPen "

Example 2.l8.Letx = {a,b,c,d,e,-f\ , ffi}' = {0,X,{a,b,c\,{c,d,e,J'},{a'b'd"'.f.\}
and,l = {a} , B = {c).One can easily check that A, B ate both g. m., -closed sets.

But Ay B ={a,c} is not g'rnr-closed set, since X is the only mr-closed set

which contains AY B and 1a,b,c\ is mr-open containingAY B.

Remark 2.I9.The intersection of two g(g')m* -closed sets is not necessarily

g(g")mx -closed set as can be seen from example 2'5 l4)'

3. Additional Properties
Theorem 3.1 .Let (X ,* rlbe an m- Space, for each x e X , {x} is z.' -closed set or

{x}' is g. (g) rnr -closed.

Theorem 3.2.Let (X,*.r)be an m- space,and .l.B be subsets of X , such

that A e B c- m r - cl(A), then:

(i)If I is g.m,.- closed, then B is g'mr- closed'

(ii)If A is gmr- closed, then B is gmr - closed'

Proof:
(i)Let Oent,and BCO,then AcO ,thusthere is ,,' - closed set Fsuchthat

.4c F E O(since Ais g"m,- closed) bul nt., -cl(A) c F,hence

B c m r. -cl(A) e F eO,therefore B is 8*mr- closed'

(ii)The proof is similar to paft (i).

The following corollary is an imrnediately conclusion of theorern (3.1, ii)'

Corollary 3.3.Let(X,m,)bean m-space, and tl e X .lf ,l is g/'r\ - closed, then

ntr. -cl(A) is g -m.r.- closed.

Definition 3.4. Let (X,*r; be an m -space and l, c. X . The collection

nt y,4 = {OI A : O e my} is a rn -structure for,4 called the relative rn -structure

for A . The pair (A,,m x.t; is called rn -subspace of (X ,m 
^' 
) (briefly, m vn-

subspace).

Lemma 3.5[1] . Let (X,mr)be an m-space andl' c X , thetr ; e n1\' -cl(A) ilf

Ul A+S,for each Uem,.,x e U
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Lemma 3.6. Let (X .m ,. ) be an m -Space, (Y ,nt ,., ) be an rr? -Subspace of ( .\'. rir 
' ) ,

and ,q,e Y qX , then nrxy -cl(A)=ffix -cl(A) I Y(where n't,t -cl(A)is therrr-

closure of ,a with respect to r ).
Proof: Clearly n x -cl(A)l Y gtttyy -cl(A) .

Suppose xen't\.t -cl(A).Nowlet L'e rnr' , xeL'.then Ll I I'entr, 'thus
(Ut y)t A*/(lernma3.5 ),whichimplies Ltl ,1*$ ,hence -\'€r,,\ -cl(A)l Y.

This completes the Proof.

Das and Rashid [3] proved that in Alexandroff space X if A is a subset of an

openg'-closedsubset B of X,then A is g' -closedrelative to B iff A is g'-

closed inX .

The following theorem shows that the condition thatB is open and g'-closed

subset of X are superfluous in the side when A is g' -closed inX , also, another

condition is given to make the other side hold.

Theorem 3.7.Let (X,mr)be an ,?,-space, and Ag B c- X , then :

(i) If A rs g.m^- closed, then A is g'm.ro- closed.

(ii) If A is gmr- closed, then A isgm,u- closed.

If 1x,m, ) has propertY (P), then :

(iii)If A is g'm.,r- closed and B isg'rz, - closed. then A is g'rrr' - closed.

(iv)lf A is gm rn- closed and B is grr,. - closed, then I is grr, - closed.

Proofi (i) Since A is g'm., - closed, then there is an rn, - closed set .F ,

witnessing g. tn.t.- closeness of I . Now let U e ffi r,, and A gIt
(whereU =Ol B,O e *r),then AcO, hence F 

=O, 
that is

F I B =OI 
B(= U). Therefore A is g'n',- closed'

(ii)Let (J e mr,, and Ac.U (whereU =Ol B,Oe mr). Since A rs gmr-

closed, andA cO,thenm r. - cl(A)cO,thusrrr, - cl(A)l B qO l 81=ry1 -

Therefore by lemma 3.6 m ,,, - cl(A) c O .

(iii )Since A is g'm.,,r- closed, then there is an r??r,,- closed set F'= F I B .

witnessinE g-n1vn- closeness of l(where F e c(nt, ), also, since B g.mr-

closed, then there is an m,.- closed set K, witnessinE g'm, - closeness ofB.Let

A=O, O em.lhen AqO I B(e m.tr,), hence F' c.Ol B . Sirnple veriflcation

show that Be OY F' andbyproperty (B) O YF'ern,,, hence K=O YF',
thus I = Al F gKI F =(OYF')l F,thenwehave
ASK I F =OI F 

=O , but .F I K ism.r- closed (by property (B)),

therefore A is g'm r- closed .

(iv)Let Oemr and AcO,then Ae OI B(e mys), hence ffir.o -cl(A)e OI B,

then my -cl(A)r B e Ol B s O(lemma 3.6), but B e OYI^, -cl(A)l'
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andm r. - cl(A) ism.,. - closed (lemma l.6,iii)and by property (P)

OYlm, -cl(A)l' e tTts.,hence mx -cl(B)e OYI*, -cl(A)l' , thus

ft1, -cl(A)e OYI*, -cl(A))', therefore my -ct(A)cO. This showsthat I is

Ktn t - closed.

Corollary 3.8. Let (X,m.r)be an m-space with property(p).If A itr(r") mt-

closed and .B is m.r- closed, then A I B is s(g-) m.'.- closed.

Levine proved that in a topological space (X,r) every subset of X isg -

closed iff r = c(r) (where c(r) is the collection of all closed sets in (X ,r)
(Theorem 2.l0I4l ), and Das and Rashid proved that in Alexandroff space X ,

if every subset of X is g. -closed , then r = c(r), and shows by example 2.13)

that the converse is not true .

The following theorem illustrate that when we replace Alexandroff space by
minimal space the theorem is also true.

Theorem 3.9.Let (X,**)be an m-space.If every subsets of X is g*nt.r-closed,

then ffi.y = c(mx) .

Proof: Using theorem 2.13.
The following example shows that the converse of theorern 3.9 is not true

(exarnple 2.13)).

Example 3.1O.Let X =R-Q and m.t,={0,X.G,.1,}, rvhere Q is the set of all

rational numbers , G, and l, runs over all countable and co-countable subsets of
-Y , respectively. Clearly, mr. =c(m.r.). The set B=.YI (0.+.o) is not an ri, -

closed and sinceker(B) = B, hence B is nolag"nt.r- closed.

However, Das and Rashid proved that in Alexandroff space (X ,r) , with

r = c(r) , every subset of x is g.-closed i-ff x is a topological space (theorem 9

t3] ) The same argument is also satisf-red in the rninimal structure space as we
show in the following theorern.

Theorem 3.11. Let (X,m,.)bean m-space withrr,. =c(ntr.). Every subset of -Y

isg.mr- closed iff X is a topological space (Alexandroff space).

Proof: Necessity. Suppose every subset of x is g* h1r.- closed.

(a) Let {4 }.n be an arbitrary collection of m,r - closed sets and F = I F, . By

assumption F is g*mr- closed, thenthere is an rn.,.- closed set F' such that

F c F's ker(F) (Theorem 2.15, i). But Fo e c(m,.) = m r znd,

thenF e F,,F'c ker(F) gl F,(= F), i.e. .E = F' , thus F is mr - closed .
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(b) Let t,K,l,,i=,, be an arbitrary finite collection of fi r - closed sets and 
" 

= Y" '

By assurnption K is g'nr, - closed, then there is an 'r, - closed '(' such that

K c. K's ker(K) (theorem 2. r 5 )and then K c. K' c.ker(K) s Y,('(= K) ,thus
r=l

K = K" i.e. K tS m y- ClOSed, therefore re, is a topology (Alexandroff space

)onx (theorem 3.4 [6])'

4. g(g. )z- open
In this section we introduce the concept of gm, - open and g' m r- open and

we study some of their properties and characlerizat\ons of them are given'

Definition 4.1. In a minimal space(X,m.r),a subset I is called gmx- open

iff A' \s gmr- closed'

Definition 4.2.Ina minimal structure space (x,m.r), a subset I is called g*rlt.r'-

open iff A' is g'm,- closed'

Remark 4.3. Ever y m t- open rS g'm.y- open and every g' m.t'- open is gn '' - open'

i.e. mr- open a g.m,- open - gm\ - open' . 
r general.

Usingexamples2.4and2.5,,weseethattheconversesisnottruelr

Theorem 4.4.Let (X,m.r') be an'??-space and'qC X ' then:

(i),aisg,,,,-openi.llFerrr,-irtt('4)'u'heneverFec(m.v)andF=A'
0r)e is g'rr''- open iff lhereis an rz' - openo' suchthat F soe A

,whenever Fec(ntv) and Fe A'
proof :(i)Necessity. Suppose I is grr,.-open.LetF ec(rttv; and F cA 'then

A' c.F"and F' entv, sincel is g"?\'-open' then A' is g/ll' -closed and

my -cl(A')E F',thus F elnr.v -cl(A'11' but

my-ct(A'1=lnry-int('A)lc(lemrnal'3'i)'theretbreFcm'-int('4)'
Sufficiency.ToproveAisgnl,.-openitisenoughtoshowthatA,isgz-,
closed. Letoamx andA, eo ,then o, ec(ttt,) and o, e A ,thenby

assurnptionO'c-mv-int('4)'thuslrttv-int('4)lccO'thenbylemma(l'3'ii)
my -cl(A,)e o,which irnplies thatAc is glll' - closed, therefore A iS gnl, -

itilli"".rsity .Suppose I is g'r2.,-open' letF c c(X) and r s 'q ' then

F, e my,,A" iS gm, -ClOSed and A" c F' , hence there is gm.r' -closed set I(

suchthat,4' c K c F', andthen' F c K" cA'k' emv'
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Sufficiency .To prove that A is g'rir,.-open it is enough tt-r shtlw that A'ts

g'in, closed.Let Oc.my ,and A'e O theno'enty , O'.A andthereisa

ntx -open Set, Such that O" cU c A , and then A' c(J' c O , which implies

that A' is g* m,. closed ,therefore I is g* tll., -open'

Levine proved in a topological space a subset A rs g - closed i/
,a'Yintpl\eUand U is open, irnplies (J = X (theorern 4.2.l4)).Das and Rashid in

Alexandroff space proved lhat A is g* - closed iff there is an open seto ,

Oe A suchthat A" yOeU and U is open, implies IJ =X.Thisequivalentis
not true in general in minimal space as we shown by the following theorem and

example.

Theorem 4.5 . Let (X ,m x) be an m - space and A e X '

(i) If ,a is gmx -open then for everyV € m x, such thatm * - int(A)Y A' cV ,

impliesV = X.
(ii) If ,a is g* tn r- open, then there is an m * -open set O , such that O q ,4 ,

OY A' eU andU e ntx, imPliesU = X .

Proof:
(i) Since my-int(,4)YA'cV,thenA'cV,thatisV'c A,but A is gmr-

openand V" ec(my) ,then V' c. m y - int( A; (theorem 4.4,i ), hence

lm x -int(.4)1. ev .Therefbre lnr.r. -int(l)l' Y *., -int(l) s tr2, which implies

thatV = X .

(ii) The proof is parallel to theorem 13 [4] and so is omitted.

Exarnple 4.6.Let y ={o,b,c,d,€\ , ffix : {0,X, lol,{bl,{b,ttl,{a,c}} and

tr=lo,b,tl,e\.mu -int(,4) ={a,b,tll, simple verification show ihat A is not gt1l\,-

closed, but X is the only m, -open containing nx - int(.4) Y A' . Using the

saffre set A one can easily check that the con\/erse of (4.5.ii) is also not true-

However by adding the property (P) to the minirnal space we have the

following characterization of g(s .) m., - open.

Theorem 4.7.Let (X,m.r.) k-e an /r,-space with properly (B) andac X, then:

(i) e is gmr-open iff if ffix -int(.4)Y A" c Z, whenevet V e ntv;

impliesV = X .

(ii) a is g'm*- open iff thereis an m* -open seto, such thato c A,

OY Ac =U 
and(/ e my, imPlies (J = X .

The proof is omitted.
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Levineproved that A is g-close,J tg ct1,l)-,4 is g-open(theorem 14. Il]).Das
and Rashid proved that in Alexandroff space. if clq) is closed, then ,4 is g- -

closed ilf ct(A) - A 8r -open. This equivalent is not true in general in minimal .

space as we show by the following theorem and example.

Theoretn 4.8. Let (X ,m., ) be an ,r, - space and,l C X , then:

(i) If A is gm.r-closed, then m* -cl(A)- A isgn,\ -open.

(ii) If (.Y,m.,.; with property(B) , then the converse of part (i) is satisfo.

Proof: (i) the proof is immediate from theorems (2.7) and (4.4, i).
(ii) Let O e my and ,l c o ,, then by lemma (1.6 ,ii ) ^x - ct(A) is my -closed ,

and by property (9) mx -cl(A) I O" is nrr-closed, but

my - cl(A)l O' c. m y - cl(A)-.4 , hence by theorem (4.4, i)

my -cl(A)I O' c. my -int(my -ct(A)- A). Simple verification show that

my -int(my - ct(A)- A) =Q, therefota my - cl(A) c O,which implies that,4 is
gn* -closed .

Example 4.9.Let X - {a,b,c,d,e,f ,gl , ffix = {$,X,{c,e\,,|f ,gl,ld,,e,fl,le,f ,gll .

andA = {c}. One can easily check that my - ct(A) = la,b,c\ and ,l is not gm.t -

closed. mx -ct(A)- A -{a,6} is not my -open and 6 is the only my -open and

z"-closed in {a,6} which implies that my -cl(A) is gnr, -open.

As a consequence of theorern 4.8, we have also the f,ollowing corollary.

Corollary 4.10. Let(X,mr.) be an ,rr-space and,lc X ,if A is I tn.t- closed,

then my -ct(A)- A is gr?\ -open.

Theorem.4.ll.Let (X,m.r.)bean m-space&rd rn, -int(l) cBc.Ae X
(i) If A is g'nt,-open, then B is g'rz, -open.

(ii) If A is gnt, open, then B is grz.,. open.

Proof :(i) let Fbe an nz, -closed set such that. I" e Il. sitrce .1 is gnt, -open and

F 
= 

A, then there is an rr,. -open set U such that I; c. L g .4 (theorem 4.4, ii) tl is
g* nt.r. -Open.

(ii) Let K be an my-closed set such that K c B, since A is gm, -open and

K e A, then by theorem( 4.4, i) K e ms.- int(l),but nl, - int(.4) q B and by

lemma(1.3, iv, vi) m.r -int(A)Cffiv -int(B),thus K c.mr. -int(B)which implies

that B is gm.r - open.

Das and Rashid show that the union of two weakly separatedg' - open sets is

s'-open in Alexandroff space (theorem 15 []).
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The following theorem shows that statement is also true in m -space with
property (F) for this we introduce the following definition .

Definition 4.l2.Two sets l.B in an ,?? -space (x,m.r.)are said to be weakly
separated m-set if there are two m.\. -opensetsu,z such that Ac(J,B c.v and,

AIV=BIU=d.

Theorem 4.l3.Let(X,mr)be an m-space, with property (tl), then :

(i) The union of two weakly separated gmx -open is gm., -open.
(ii) The union of two weakly separated g*nt*-open is g.mr-open.
Proof: (i) Let A, and A, be two weakly separat ed gmr-open sets. Sinc e A, and, A,
are two weakly separated, there are mx _open sets U,,U, such
thatA, c.(J1,A, e U, , A,I U, = A.,.1 (J, = Q.Let F, =Ui , (i =1,2), then A, q F, and,
A, e F, .Let F be an rz, -closed set such thatF c A,yl, , simple verification
showsthat Fc.(FI 4)y(f I Fr),where FI F, ism.r_closed (i=1,2)(by
property (/)).Since A, is g-mx -open (i=r,2),thenbytheorem(4.4,i)
(F I Ft) 

= 
m, -int(Ar) and

(F I Fr) c m r. -int(A,) , therefore we have the following formula:
F c(F I 4)V(Fl Fr)cmr.-int(A,)y ntr. _int(A,)c ntr. _int(A,y A)), which
implies that A,y A., is gm.\.-open.
By same way one can proof part (ii), so is ornitted.
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Abstract

In this paper, we study the u'eighted sum of square completion time's problem with

set-up times on a singie machine. The same problem with no set-up times was first

sorved by Townsena [tl, ard was solved by other references like [2], [3] and [4]. we

generaiLe the problem-described by the above references, and solve it with set-up

i,o.r, in other word with families. A set-up time is required between two distinct

families, and is required before the job that is scheduled first. We solve the problem

Uy u U.unch and bound algorithm, a new improved lower bound and a new heuristic

method have been used in the branching tree. The paper also considers some new

results which can be used to reduce the size of the branching tree, and thus curtailing

the enutneration efforts at the branching stage'

i,aYill
.6r-:.13 4tSU rl:cl c:[!jl rJ+] eL^l)l Oti3i ci-;J CJrl tr"-tt il'u^ Lt;: CsJl lra -r-i UJLi
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INTRODUCTION

fnis paper deals with a machine scheduling problem, which consists of n jobs
I and a single machine, the n jobs are divided into F farnilies(f : 7,2, , F) A

set- up time is necessary between two jobs of different farnilies, also it is required
before the 1ob that is scheduleJ first. The objective is to find a processing order of the

Jobs, such that the weighted sum of square cornpletion times Z*,C,' is minimized

The same problem with no set-up times (with no families) was first solved by
Townsend t1]. He used a branch and bound practice to solve it, Gupta and Sen [2]
give some optimality conditions among the jobs of the same problem which
described by [1], Szwarc et al. [3], Groce et al. [4] and Monclel arrd Sen [5] suggested
additional precedence constraints among adjacent and non adjacent jobs of the
problem. In this paper, we solve the quadratic completion time (QCT) problem with
set up times, that is we generalize the problem described by the above references to a
more complex one, we solve it by using a branch and bound algorithm, in section 2,
we give some ordering rules on the jobs which can be used in the branching
procedure. In section 3 we give some rules of composite jobs, in section 4, we
describe a new modified and .mproved lower bound, section 5, describes our branch
and bound algorithm, secticn 6 gives us some conclusions on the problem.

ORDERTNG CRITERIONS

In this section, we will give sotne rules to sort the jobs according to some criterions.
Suppose that we have two jobs i and j, then for the QCT problem with no set-up
tirnes, Townsend [] shows tliat if the following condrtions are hold:

p, l v', < p, l v, . antl (1)

t.tt, ) t4t, (2)

Then i rnust precede j in an optrrnal schedule. We can generalize the above conditions
to the QCT problem with set-rrp times as in the following theorern:

Theoreru l: For the QCT problem witli set-up tirnes if i and j are two distinct jobs,
such thatp,lr,,<p,lv,, and'w,2)r,r, then i precedes j in an optirnal

schedule.

Proof: Consider the QCT problem with set-up tirnes that is with families, then there
are two possible states, the two jobs i and j are either from the same family or from
separate families, if the two jobs are from the same family, then no set-up time will
be required between them, thus the conditions (l) and (2) will remain the same as the
two jobs are frorn distinct farnilies, and then we observe that:
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P,lw,1P,lw,
--) P,ll,t aPrtr,

-) P,lt, t < 
/r_/ il,r + .r lr'1

--) p,y,t <(pr *.r1,r',

--) p, I w, < (p, *.r) / u,,

Where s is the set-up time of the job 1 This means that the conditions (3) and (2) are
equivalent to that of the conditions (l) and (2), and for this reason imust precede j in
an optimal schedule, and hence the theorem is proved. r

Theorem 2: Let i and j be two jobs such that (.s, + p,)lw, ((s, + p,)lw, andwi2w j,
where r, and s, are the set-up times of the jobs i and j, which are either zero or

positive \,'alues depending on the preceding jobs of i and j respectively, if they are

from similar families or not, then i must precede j in an optimal schedule

Proof: Consider the following two sequences oioJ ando jo'i. Now let T and rbe
the two completion times of the two sequences o and o' respectively. Now the cost
ofthe jobs i andj in the sequence oiolj is w,(I +.t, + p,)3 +rt,(7-+.r, + p, +T' +.\, + p,)t,

tlre cost of thern in the sequence o.io'i is rr(I+.!'/ + p,)t + r.(7 *.\, r l),+'1" +s',+ p,)t.

The difference of the second cost from the first cost is:

l-v,(T' +^r/ + p,)t -2v,(7- +.r, + p,)(T' +r/ + p,)l+

{v,,(T'+ .r, + p,): + 2x, ,(7'+.r, + p,)(7'' + .s, + p,)l

Hence by using the conditions (.;,+ p,)/x', <(.i, + p,)lrr', ?[dw,2w,, we deduce that

the result of the difference will be a non positive value, rvhich means that i tnust
precede 1 in an optirnal schedule, and as a result the theorern is proved. r

The last theoretn is true wlten the lobs are in adjacent or in nonadjacent positions,
also if tliey are in adjacent positions and of the salne farnilv, then no set-up tirne will
be required between tltern, so the conditions will be converted to
p,ltr, < p,lu,, and x,,rrr, ,whichareidentical tothatof Townsendfl].

Now, for the QCT problern with no set-up times, Sen et al. [6] show that, job i will
precede j if the following conditions are hold.

Pi < P] and ' (4)

w,)rt, (5)

We can generalize the conditions (4) and (5) for the QCT problern with set-up tirnes
as in the following theorem:
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Theorem 3: Let i and j be two jobs such that s, .t p,{.\'t+ p,andw,)wi, wliere .r, znd

.r,are the set-ttp times of the jobs i and j, which are either zero or posttive values

depending on the preceding jobs of i and j respectively, if they are from sirnilar
farnilies or not, then i must precede j in an optirnal schedule.

Proof: This theorem can be proved straightly by using theorem 2 as follows: now
since s,* Pi.r, * pjandw,2.w,, the last conditions can be converted to the following
conditions s,+ p,3si+pjandl/w <llu,,,nowbymultiplyingthelefthandsideofthe
last conditions and the right hand side with each other we get that
(t,+ p,)lw,<(s,+ pi)/w,andw,)w j, now by applying theorem 2 to the most recent
conditions we deduce that i must precede j in an optimal schedule and hence thetheorem. r
Theorem 3 is true when the jobs are in adjacent or in nonadjacent positions, also if

they are in adjacent positions and of the same family, then no set-up time will be
required between them, so the conditions will be converted to !),< pr ancl ,,,)14,, t

which are identical to that of Sen et al.[6]

Also for the QCT problem Gupta and Sen [2] show that if p,tt,] lt,u,,ar1d p,< pr
then i should precede j in an optimal schedule, once more there result can be
gerteralized to the QCT problem within set up tirnes as in the follorving theorern

Theorem 4: SLrppose that i and j are two .;obs such that (s,+ p,)w >(.s,+ p,)x,,
and.r, + p, !.t,+ pi, where .r, and srore the set-up times of the jobs i and j,
rvhich are either zero or positive values depending on the preceding jobsof I and j respectively, if they are from distinct families or not, then i
must precede j in an optirnal schedule.

Proof: The proof can be ded,ced directry as foilows: since .\.,+ r),(.!., +p,, trrus the
second condition which is (.s, + p,)v, >( .s, + p,)tr,, can not be reached ulless that
w,2w,, so we get the two conditions .\', + l), (.r', + p, at1.d w,) w iwSich are the salne
conditions described in tlteorem 3, so by using theorem 3 we deduce that if the
conditions (^r, + p,)14,,>(s, + 1t,)v,, and .y, + p, {i, * p,, are satisfied, then i should
precede j in an optimal schedule and hence the theorern is proved. r
In theorem 4, if the two jobs i and j are in adjacent positions and from one family,

then no set up will be required between them, and hence the conditions would be
convefted to p,r,,, p,ro, andp, s p,,which are the same of Gupta and Sen [2]
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In the branching tree, if we have n jobs, then we will have n-1 levels. Now to form a

composite job in any level of the n-l levels, suppose that i is a sequenced job at the rtl'

level with a processing time p; and weight w,, Suppose that j1 is a non sequenced job

of the rernaining n-r jobs jr, jr... jn-.. So we have two possibilities, either j1frorn the

same farnily of the job i or it is from a distinct famill', ltow we can make use of
theorem 1 as follows. first suppose that they are from the satne farnily, now if the

fOllOWing COnditiOns are hOld: P,, lrr,,.P,, ltr,,,andY', )tt', fOr all /e{t,2,...,n-rllk,

then the job i and the job ji will represent a composite job, secondly suppose that the

two jobs i and j* a.e from distinct families, so her a set-up time sr. of the job 7u will

be required before the processing trme p,,. Now if the following conditions are hold:

P1,)lw andw. >w for all t e lt,z, ,n -,\t * where .r,. is either
\o j, - I' j, t, ,. j, -\" jt r jt r, " lr ---" li

equal to zero or equal to a positive value depending on the job i, then i and 7u will
(,,, )l*i,

represent a composite job.

LOWER BOUND
In this section we derive a new lower bound which based on a relaxation of set-ups.

Before describing the lower bound, and according to theorem 1, rve can rearrange the

jobs of each family in non decreasing order of p,lr,', . The comptttation of the lower

bound consists of the following steps:

Step 1: Construct a sequenceo:(o(l),o(2), ,o(n)), lvltere the jobs of o are

arranged in non decreasing order of 1.r,,,, * Por,\)1r.,, where

<(S
′ノ!

h trt;ソl席
力'ルげ御ウム月ユJ

.o(n)) , in this sequence if we

tlrat p,l:u ,rP,lrr, then we

y that can occttr throtrgh

Use Touttsend's rnethod tll

to the original problern.

In this lower bound for each family f, we use the set-up time s, once and only once,

which ensures to us that the lower bound is valid, Now to explain the lower bound we

will give the following example: consider a problem with 6 jobs divided into 3

famili"es .f , = {1,2\,.f, = p, +} ancl -f, = {5,0} the processing times and the weights of the

Pt,Pz'"' 'Pe =2'3'4'? 3'1'Alro, 
the set-up times of the families f,,f, and

ll' t,w 2,...,w 6 =6,7, 5, 4, 4,5.
jobs are:
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.f.are.r,, =3, .r,-, =2 ?nd s, =2 respectively. Noll'before compllting the lower bound

we rnust rearrange the jobs of each family in non decreasing order of p,ll,., so the

order of the jobs of each farnily will becorne .f, =lt,zl,.f. = {+,;}and f, =16,s} The

lower bound can be computed by applying the above steps, frorn step I we get the
sequence 6 = (o(l), o(2), ..,o(n')) = (2.5,3,6,1,4) and finally by step 2, we get the cost
5875, which represents a lowei'bound to our problem.

The lower bound described above is a weak lower bound, since the contribution of
the set-up times begins at the end of the sequence, while it must starts at the
beginning of the sequence.
Now we can modifu the above lower bound. The modified lower bound depends on

solne constructed sequences, first we construct a sequence

F=(F(D,F(z), ,B(F)) where p(i) is the first job of family f (f : 1,2, ,F) and
('r,r,l + Pp<r)/"'rr, s(,p,rl + Pprr>)l*pe>'...'(rpr"r + Pne)l*o,r',. Secondly, construct a

new sequence (p = (q(l),q(2), .,p(k)), which consists of the remaining jobs (obs which
are not in the sequence B) where k: n - F and p*1,11ra,r1,1!prtrrlv)r1z){...s p,prt)lr,,r,r,

Now to find the final value of the modified lower bound, we must apply the
following steps:

Step l'.If n, - il, =....= np where n, is the

then go to step 2, other wise arrange

rearange thern as: rr > n2 > ....2 /1,.

Step 2: Let i : l.

number of jobs of farnily f (f : I ,2, . , F )

the r,'s in non increasing order, that is

Step 3: Now choose p(i) and the i'n n, -t job(s) of p and arrange thern in the

i"' ,,'' positions.

Step 4: Set i-i+l,if i:F+1 then go to step 5, otfier wise go to step 3.

Step 5. A trew sequence will rrow be constructed, in this sequence if we have two.;obs
iandjofthesamefarnily;suclithat p,ltr, >p,ltr,,, thenwenoticethatthernaxirnurn
reduction in penalty that can occur through interchanging the order i j to j i is/\
IP--ltl,,,tr, find its cost and apply Townsend's [1] method to find the final value
[u" rt" )
which represents a lower bound to our problem.
In this lower bound the set-up time .r, is used at the beginning of each farnily f,
which grantees that the new lower is a modification of the old one. Now to explain
the modified lower bound, let us take the same example given above, now by
applying the steps 1 through 5, we will get the sequence (6, 2, 1 , 5, 4, 3), the last cost
of tlrat seqLlence is 6204 which represents a lower bound to our problem.
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The rnodified lower bound can also be improved by using the cornposite jobs
property. First for each family we can construct a batch, where a batch is a non ernpty
set of.jobs frorn tlte same farnily rvhich can be sequenced coirt;griously. The batch of
any farnily can be constructed by' using tlie corriposite lobs proper-ty which described
in the previous section. Let Bs denote the batch of the farnily f, and let ms denote the
number of the jobs in that batch B1', where rl1' < nr(f : 1,2 ,..., F). Construct a

sequenceB, where 0 =(0@,),0(8.), ,p(Br)), the elements of B are arranged in non

decreasingorderof the ratio Pu, ll4to.,wltere Pr. =(.r, +Zrrrand w, =Ir',o.,that is in

thefol1ow.ingform|Pp,u,)lW,,,,,,aPp,u,,lW,,u,,,<<
jobs (obs which are not in the sequence p) rearrange them in non decreasing order of
p,lw,, and hence we can construct a sequence p, which contains the remaining jobs

which are sequenced in non decreasing order of p,lv,,. This lower bound can be

found by using the following steps:

Step I .If n, - il, =

then go to step 2,

=r,F where r, is the number ofjobs of family f (f : 1,2, ..., F)

rearrange them as: /?r

other wise arrange the r,'s in non increasing order, that is

> ll2 > ....) ll r .

Step 2: If the batches Bi(f :1,2,.. , F) consist of singlelobs, then this lower bound

will be equivalent to the lower bound described above, so we tnust terrninate

the improved lower bound, other wise go to the next step.

Step 3: i: l

Step 4: [f rn1 : n1, tlten we will order the batch in the i'l' position, other wise take a

lie in the positions (lr*)+tsubsequence o, of the jobs of rp, the jobs of o, are

to the position Σ′た,(wllere Σ′7々 =01 if i=l)
=々|                  =々l

thc subscqucnce σlin thc ith position rcspcctivclゝ
′

Step 5: i: i+ 1, if i: F * l, then go to step 6, other rvise go to step 4

Step 6: A new sequence will ,row be constructed, for this sequence; if we have trvo
jobs i and j of the same faniily; such that p,lv,> p,lv', then we notice that the

maximum reduction in penalty that can occur through interchanging the order i j to j i

ir(L-L)r,0,. Find the cost of the last sequence and apply Townsend's[l]method
\.w, w, )

to find the final value which represents a lower bound to our problem.

Finallv an'ange the batch Bi and
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No、v lo explain the illlproved lower bOund,let lls take the same exalmple given above,

no、vb)'applying thc stcps i tllrollgl1 6,we will gct thc sequencc(1,2,6,5,4,3),t1lc

last cost ofthat sequence is 6279、 vhich represents a lo、 ver bound to our problenl,and

it is a superior to the old one

UPPER BOUND
Before dcscribing the branch and bOund prOcedtire,we llltist use an uppcr bOund at

thc roOt node of the branching trce, and this can be done by applying the f0110wing

steps,flrst arrange the jObs of each falnily in nOn decreasing order Ofρ
,/И
′,,then

rearange the families accOrding to nOn dccreasing Order Offr/7′ ,Where
P/ =∫′+魯′,and″ア′=IJソ,,a new sequence no、 v will be constlucted,the cost Of that
sequence will represents an llpper bound t0 0ur problem.

BRANCH AND BOUND ALGORITHM
The branch and bOund methOd depends On the 10wer bOund and the upper bound

ま署:露島
|[li::l覆∫張鷲li1lIIiOl:(幌

lrPicI讐‖稲
L罵
謄lerlia11ょ:

ld jobs,the cOst 01・ the r sequenced jobs is
called an original cOst while the cost Of the n― r un sequenced jObs will represent the
lower bOund Of the n_r jobs, hence the sull1 0f the t、vO cOsts 、vill represent a 10、 ver
bound tO the n jObs. Branching cOntinues frolll thc node that has the least 10、

ver
bollnd value if there is a tie wc sclect arbitrarily

We see that by tlsillg theOrel■ 2, 3 or 4 0n thc abOve cxalllple,jOb 6 precedes tlle
jobs 5,4 and 3.JOb 5 precedesjob 4.And job 2 precedes thc jObs 3,4,5 and 6,and

hencc、ve can reduce the number Of nodes in the branching trec

Figurc l shO、 vs tlle c0111plete branching trce for thc cxalllplc givcn in tlle previous

scction,by usillg the illlproved lowcr bound
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Figure 1: The branching tree by using the improved lower bound for the example.

Tlre infinite nodes in Figure 1 denote according to tlteoretn 2, 3 and 4, that these

jobs have another jobs which preceding thern Norv bt' t:sins the cornposlte jobs

property the jobs i, 2 and 6 r.vill fonn a batch. and ltence they lnLlst seqLtenced

toriigut,rsly, that is the nodes 1,2 and 6 of Figure l, can fonn a compact node 1-2-6,

and he,ce reducing the size of the branching tree and reducing ottr etltttneration

efforts for finding the optirnal solution, thus Figure I can be graphed to a more

colnpact one as sltown in Figtrre 2
18=● 2'9

lB=63()'

Figure 2: The branching trec in a lnore compact forlrl
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CONCLUSIONS
In This paper we solve the quadratic cornpletion tirne's problern, with set-up times.
on a single machine, by using a branch and bound algorithrn, tliis problern is a
generalization to that of Townsend [ ] and Croce et al. [4], and other references as
mentioned above. A set-up time is required between two different job farnilies and is
required before the job that is scheduled first. The procedure depends on an
irnproved lower bound and a new upper bound. AIso we make use of some new
results which provides links between adjacent and non adjacent jobs of the alike
families or of distinct families, also we form batches between jobs from one family
or from two distinct families and hence reducing the size of the branching tree, and
hence reducing our efforts for finding the optirnal solution. The next step is to find a
solution to a more complex objective function which described in [1], l2l and in [6].
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Co、・crt Channelin IP Packet Using DS Field

Dr Amir S.Al― Malah Anas A.M. Al-Dabbagh

ABSTRACT

Due to the wide spread use of computer networks in our life; the
networks have used a trniversal protocol (TCP/IP) for communication,
with increasing interests for security tools. In fact, little attention was
paid to such traditional security aspect during the development of TCp/Ip
protocol. This work involves the manipulation of the Differentiated
Service (DS) field in the IP packet header for implication of a covert
channel.

The hidden data, which are carried by the DS field, are recog nized
at the receiver site using digital signature.

The work overcome the problems that faces the users of TCp/Ip
covert channels, these are mainly concentrated on the limitation of the
message length and the recognizability of the hidden d,ata by the
intrusions

The work is based on the development of the covert channel in the
Microsoft windows platform. Therefore, the work has deal with
techniques that allow the interception of a subset of functions from the
kernel mode. To do this a driver that hooks the Network Driver Interface
Specification (NDIS) function is developed, thus manipulation of the Ip
header in the user mode becomes permitted.

Finally the extraction of the Ethernet packets is done by creation
of Data Link Library (DI-L).

4,ハЫJ」 |

ごくTCP/1P)げ 」し Jメメrメ Fヽミ1`J壺 山ぃ 国 1出邸 ´ げ り |り1島】 1井

■ .出
Lメ ロ |ご国

～

メ |ひし メ|が ミヽ1・ヽメ
ふ ツIJ。」 』 ■J`♂ 1出りlヽ ハ1ツ I FI島

・
巳 i、
´ 」 -1ツ 1出1く 、.1ナ,も プ 。ュ汁響 凸L脚 |し国 ´

国 |が お りlc斗彎 ´■■釧

TCP/1P彎 デ 8セ■り劇I GIメ |ひと響 c)ら 1`Jlく ^^。.´ic劉■J TcP/1P 」|。しLI

IL♂ .d咀 ヽ び■ ツ さ ■ Ll.・ヽ‖山L興 1脚
～
ン ・
|ム1凸|メ≦ ぃ |ヽミlJ」

ム ´ 捧
ヨ 1出Lり |.■夕 blム も |ヽミlJⅢ 払 」 |ム 1、 スLょ 、ム」 L´ t卜 1、 出

。■も社たがヽミ1“ ハヽ」|い 立 L」藤静名」|ユ 1、スL

105



Al- Mustansiriy,a J. Sci 「ヽol.17,No4,2006

♂も_脚IⅢⅢ Iぽ ‐` …督り♂ |が1ふ』´ ヵい ´こ」HL♂
Ⅲ 3KJ出≦ り

～

メ 1出Lt」IJ井 り 1ヽ,げ中 りが ■ ぷ 述 ♂
lJ TCP/1P J Jメ

メノ

.諄づ劇l邸 ンⅢ出 1出Lり1戸

´|やメ■メ 13国 |・い´ 」メ|い 。出 」2。LCyl「 JヽIゝ 」´り区

F出 Jメ ´ 60分メ IJり」 を か ぃ 。ゝ ´ 1井い

…

♂
1出甲 |げ 出 国 |

NDIS Jlり■が三11 Jε 6メ|」 出 ・甲 ´出ム出 Ⅲ り(Kernel Mode)凸=」
|

USer)出■」 |が L‖ F｀ミ1・…1｀ぃ げ二IP a“ _卜 t」リメ生劇L oK・ソいび´ 1出 りヽ`

.(MOde

山Lり1上L」 ‐ 社 4ノ め

'メ

2・Lソ 1山|メ ■出 t´ ヽヽ ]ヽ|ゝ び ´.壺 |り■ iJ

6。し!Jひ響三」IJヒ 4」t“J IPな)、 cバヽ LIしL♂ 均 |`井」 IJりD"亀 Jゝ劇 |

.」Lリツ|`うし1っこ押 |い 甲l.いヽ

INTRODUCTION

Computer network are designed for comrnunication, connectedness
and collaboration; their specification is open for public, so it presents
difficulties with respect to security. Therefore, it becomes necessary to
address issues of protection, and in fact a flexible security for evolving
network applications is required.

One of the sub disciplines of this broad concept is covert channels
which is investigated and accordingly tied with security aspects of
computer networks []. The concern for the presence of covert channels
is cornmon in high security systelns such as rnilitarl'. banks, colnlrrerce,
etc... where typically two observed users knou, that sorneone tries to
listen to their conversations.

l-his work atternpts to iurprove secur-itf irr cornmunication network
ernploying IP header. It focuses on covert channels in cornputer networks
fbr which data hiding takes place by rnakin-s, Lrse of the netu,ork packet
streams as the covert object. It first identifies covert channels in IP, and
then suggest application scenario to enhance network security for current
computer networks. It proposes a manipulation of the DS field in the IP
packet header to implement the covert channel.

The network behavior for data hiding are taken into account in our
work, since the packets traverse different network topologies and are
shared at various network nodes before reaching their intended
destination.
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A. Covert Channels

A covert channel is a comrnunication channel that allows two
cooperating processes to transfer information in a manner that violates the
systetn's security policy l2]. It also described as an information flow
mechanism within a system resources not normally intended for
communication between the users of the system [3]. It is thus a way of
communication which is not part of the original design of the system, but
can be used to transfer information to a process or user, who is not be
authorized to access to that information [4].

Covert channels are in fact divided into two categories, storage
channels (which are used in this work) and timing channels. In practice,
when covert channel scenarios usage are constructed, a distinction
between covert storage and timing channels is made, even though
theoretically no fundamental distinction exists between them [5].

B. Datagram
Packets in the IP layer are called datagram's. It is a variable length

that contains inforrnation which is esser"rtial to routing and deliveiy.
Figure ( I ) shows the IP datagrarn header in 4-byte sections [6].

C. Differentiated Services (DS)
The Internet Engineering Task Force (IETF) has recently changed

the interpretation and name of this S-bit field. This field previously called
Type of Service (TOS) and its interpretation was as follows: the first 3
bits are called precedence bits. The next 4 bits are called TOS bits and the
last bit is not used. Now this field called DS and its interpretation is as
fbllows: the first 6 bits make up the code point subfield und th. last two
bits are not used [7].
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Figure l: IP Datagrctm

D. Network Driver Interface Specification (NDIS)
The (NDIS) is an interface between a protocol stack and network

adapter card driver [8]. When a protocol driver intends to read or write
messages formatted in its protocol's format from or to the network, the

driver must do so using a network adapter [9]. Because the protocol

drivers do not understand the nuances of every network adapter in the

market (proprietary network adapters number in the thousands); the

network adapter vendors then provide device drivers that can take

network lnessages and transmit them via the vendors' proprietary
hardrvare [ 0].

In 1989, Microsoft and 3Com jointly developed the (NDIS), which
lets protocol drivers colnmunicate with network adapter drivers in a

device independent manner, so the NDIS device driver becotrres related to

the OSI model at the Data Link layer I l]. NDIS standardizes access to

network card, so that the same software rrray be used to access any brand

of network device [12]. In fact, it becomes a specification used whet-t

developing device driver for network card in all varieties of Windows

[13].

０
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In all windows operating Systerns, the TCp/lp protocol is a
proprietary, and its source code is not accessible, which ffreans that the
rnanipulation of the packet. in any of the TCP/IP prorocol suite. is not
possible from levels above the TCP/IP driver layer. To overcome this
problem, a hooking technique can be used in order to control the packet at
the point that links between the protocol driver and the Network 

-Interface

Card (NIC) card(s), which is represented by the NDIS. Therefore, NDIS
hooking is developed dr.rring our work. From the operation point of view,
the work in this paper is composed of two parts:

1) Hooking the NDIS Technique: which is composed of two parts as
shown in Figure (2).

」「li`r′ι″′2=ⅣDパ_〃(,θたD′・メl夕・11′//1 Rc7/r//′θノ7/(り (ノ ど`ノ・■/(え /c7

a)The NDIS‐HOok Driver

The NDIS-Hook driver is logically similar to the NDIS
Interrnediate driver, but it is implemented differently. It inserts itself
between TCP/IP and all of the adapters that bind with it. When Tcp/lp
sends a packet, the packet comes to the NDIS-Hook driver first.
Likewise, packets that are to be indicated (received) or: TCp/Ip will go to
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the NDIS-Hook driver frrst.
The NDIS hook driver intercepts services that are exported by the

windows NDIS wrapper at a point in the load sequence before NDIS
protocols begin their binding process. These services are irlplemented in
NDIS library. They deal with the TCP/IP stack and the NIC driver by
sending/receiving a single or array of packets and other s', stem events.
Because the NDIS-Hook driver hooks exports services b1, the NDIS
wrapper, it can intercept each protocol's call to NdisRegisterProtocol and
replaces the protocol's services table with a table containing pointers to
new functions within the NDIS-Hook driver. Later on, the NDIS-Hook
driver intercepts each protocol's call to NdisOpenAdapter functions, so it
can track the opened adapters.

At this step the ncw driver (hook driver) will be in full control of
the original NDIS dri','er. Implementing the NDIS hook driver will
indirectly enable the user mode application to control the original NDIS
through I/O commands. Since the NDIS lies in the Data Link Layer, the
new driver and thus the user mode hook application will deal with the
packet as an Ethemet data form.

b) NDIS Hook Application
The second part of NDIS hook is a user rnode application. It

controls the hook driver, i.e. controls the packet traveling, through rvhich
the following functions are programmed in a Dynamic Link Library
(DLL) file using visual C**.net language:

i. Loading the hook dnver tbr the specified adapter.
ii. Controlling the origrnal NDIS driver (by the hook driver), in order to

be able to control the NDIS packet movement in the kernel mode
as well as the packet moverlent frorn the kernel rnode to user
rnode and return again to do the same procedure through a bobbin
(reversible) process.

iii. Continuing the sending / receiving operation.

2) Implementing Data Hiding in IP Packet Header :

In this work we assume that two workstations A and B transfer
information over a computer network, and ernploy data hiding involving
the TCP/IP protocol suite to communicate covert supplementary
information.

The most significrnt two bits in the DS field of the packet header
are normally unused. These two bits represent random values that TCP/IP
protocol do not use them. We consider, in this work, the use of these two
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bits as a covert channel that can transfer the proposed data across the
netrvork from the sender to receiver. When these two bits are used
properly, the DS field wrll seem perfectly norrnal and the hidden data can
not be detected by an;,nctwork rnonitoring scheme.

For a better secured process, the paper suggest that two bits of data
should be XOR with two bits of identification field before placing them
in the DS field of the packet as an encryption.

DATA HIDING SCENARIO

A scenario is suggested between a sender A who tries to send a
covert information to a receiver B as shown in Figure (3). The data hiding
at the sender site is implemented through the algorithm that takes the
followings as input:

1- The digital signature.
2- The length of coverl information.
3- The desired covert information.
4- The network packet.

Host A will first send a digital signature to inform host B that it
intends to send covert information. Next A sends the length of the coveft
inforrnation to B, followed the covert infonnation it self.
The algorithm below shows the proposed scheme of the sender:

Sender Algorithm
Input: Reference sign, length of covert infonnation, covert infbrrr-ration

and IP packet.
Output: IP packet containing two bits from the covert infbrrnation.

Step 1: x : the first two least significant bits of the signature.
y : the first two bits of length of the coverr infbnnation.
Signatureflag : lengthflag : lessthaninfblength : f-alse.

i:j:k:0.
Step 2: Get the current sending packet

IF this packet is not destined to go to the specified receiver
THEN

Go to step 7.

Step 3 : IF signatureflag : false THEI\r
t

put x into the most significant bits of the DS field.
i--i+2
IFi<16THEN

x : the next two bits of the signature.
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EttSE

{

signatureflag=true

i=0
}

Step 4:rF lengthflag=false and signatureflag=true EHE′ V
{

put y into the inost signiflcant bits ofthe lDS fleld.

j=j+2
1Fj<16 η Ⅳ
y=the nexttwo bits ofthe length.

EZSE
{

lengthflag=true.

J=0。

}

}

Step 5:IF lessthaninfolength=false r馬 ロヮ」v
{

z=information[i].

rn= the flrsttwo bits ofthe z.

lessthaninfolength=true.

k=0.
}

put z into the lnost signiflcant bits ofthe DS neld.

k=k+2.
IF k<8麗 Ⅳ
m=the nextt、vo bits ofz.

ELSE
Ifk<length then

{

k=k+1.
LessthaninR)lengtll=false.

)

タ

Step 6:Recalculate the IP checksuin

Step 7:Go to step 2.

Step 8:End.

On the other hand, the algorithm of the receiver site will be run in
the following sequence:
l- The receiver will always read the most significant bits oithe DS field.
2- The receiver will read the length of the covert information if it

receives a digital signature.

つ
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3- The infonnation itself will be read after reading its length and the
receiver will wait for another digital signature to arrive.

S E Ⅳ  D E R

Covert t$*VWrto,

助″ル″ИJgο″″力″
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“
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Nerwork
Packet

R E σ Eノ /E R

Figure 3: Schematic Diugrurn o/ the Dutu Hitling Sc.enurio

Receiver Algorithm

Input: IP packet.
output: The covert infcl'rnation extracting from the Ip packet.

Step I : i: first two bits of the signature
M:0
signitureflag , lengthflag , infoflag: false .

Step 2: Get packet.
Step 3: ^IF signitureflag : false THEN

{
k: the two most significant bits of the DS field
IF i: k THEN

i : the next two bits of the signature
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ELSE
i : first two bits of the signature

IF i: the end of the signarure THEN
signature : true

t
I

Step 4: 1,lo lengthflag = false AND signature : true THEN
{

L = the two ruost significant bits of the DS field
put I into buffer
IF m: length THEN

length : true
ELSE
m:m+L

)
Step 5: IF infoflag -- false AND lengthflag : true TH EN

{
put the two most significant bits of the DS field into buffer
:: )+2
rj:8 THEN

{
put the buffer value into informationI y]
Y=Y+ I
j:0

)

IF y:lengthTHEN
infoflag : true

I
I

Step 6: Go to step 2
Step 7: End

DISCUSSION

The data-hiding scenario in this work uses rhe rnost significant bits
in DS field of the IP packet header which are not used before by the
TCP/IP. To test the pertbrmance of this scenario it had been executed
tens of times until successful implementation was reached.

Initially after executing the program and before sending any
inforrnation, sorne improper text was appeared in a randorn way at the
receiver site. This is because that the receiver site extracts the random
text form the most significant bits of the DS field anC considered it as a
covert information as shown in Figure(4). This problem is solved by,
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allou'in-e the receiver to accept the hidden inforrnation when it receives a

di_eital sign only.
Serni successful executions were early perfonned. The problern

appeared again in one of the executions, when the value of the specific
digital signature was coincidently equal to the irnproper text value. This
is a very rare case, it is also overcame by sendin g a data which is
different in value from ihe digital signature when no covefi infonnation
is sent.

View the covert information

Figure 4: Intproper Text Be./in'e The (l.sc of u Refcrrn-.c Sign.

In sorre other executions, parlicularly during sending a large
number of packets than the required ones for the covert infonnation the
problern of the improper text was also arisen, but after receiving the
covert infonnation.

The receiver received the proposed digital signature and starts
accepting the covert information but u,ith non stop procedure, it
continued accepting non understandable data even after finishing all
received covert information as shown in Figure (5). The problern was
also solved by sending a length of information to the receiver soon after
sending the digital signature, so that the receiver is to accept only the
covert data and waits for a new digital signature. After treatment all of
the above mentioned problems, no difficulties were experienced and all
of the executions were perforrned confidently.

The present work uses reliably for the first time the most
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significant bits of the DS field for transrnission of coveft inforrnation.
These two bits are unused and have no role in sending any information,
besides that there uses do not interfere with anv value of the other fields
in the IP header.

Although there are no other u,orkers that used these tw,o bits to
compare their results with that observed in the present work, nevertheless,
the transmission of covert information can be compared with the results
of kamran who used the Don't Fragment (DF) bit [14]. Unlike the present
work, inspectors can notice peculiar value of the DF bit due to the
difference of the identification field in packets stream.

Further more, the length of covert information is unlimited in the
present work. The larger the length of covert information, the larger the
number of packets that is required for transmission. Unlike other workers
who used the ID field [15], they were only able to transmit only 256
characters per a message.

Figure 5: Output of The Receiver Site Be.fore
Limitation Length of Covert Information.

View the co..rrt information

File Edit Format View Help

TCFyIP is a prt'rtocrrl suite, that defines
how all harumissioru are exchanged
across the Internet3j...I%oc+i.Js(Jc...-
Bj'...i.r... 7 g....0','...... |y,...,,, -7 E 6... ? ",-1,
rr&0'Y...+"o&S.r,w2: E',,6...4oo)... ):d.5[-
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CONCLUSIONS

It is apparent that the use of computer network is very important in
every aspect of communication and the secrecy of infonnation transfer
become extremely urgent in exchanging data. The uses of covert channel
provide an effective mechanism in such a field. The following points are
concluded throughout the work:
1- Unused bits are exploited during the manipulation of packet header of

the TCP/IP protocol suite in order to identifr the covert channel.
2- The arisen problern by windows xP architecture during covert

channel development are solved by the use of NDIS hooking filter
driver.

3- The NDIS can control and modifo the packet at the application level
through hooking process.

4- Adding additional information to the packet without affecting the
packet size is possible.

FUTURE WORK

Covert channels find important applications in many fields,
therefore, the future work may be directed in the following manner:

l. Using covert tirning channel to hide the information in the packet.
2. Analyzing the IPv6 header for a new coveft channel.
3. lnclusion of a new covert channel technique associated to the

rnanipulation of the header fields into an other network protocol
suite such as UDP, OSPF, RIP...etc.
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Abstract:
Serum levels of total protein and protein profile were estimated in

three groups of patients with B- thalassemia:24 patients have splenectomy
thalassemia major, 29 patients have non splenectomy thalassemia major
and 19 patients have thalassemia intermedia. Data were compared to
normal and pathological controls (anemia and minor). There was a

significant decrease in serum total protein only in.3ateints with non
splenectomy thalassemia as compared with controls, and there was a

significant decrease in n2 and B- fractions in all groups of patients studied
as compared to normal and pathological controls.

In this paper the results indicate that a significant disturbance in the

protein profile in sera of the patients with B- thalassemia in all groups
studied.
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Introduction:
Thalassemia is a l:eterogeneous group of genetic disorders in ',vhich

the production of normal Hb is partly or completely suppressed because of
defective synthesis of one or more globin chains(r'r). B- thalassemia is the

most familiar type(3), in which the B- globin chain synthesis is impaired(a).
'[he severity of the disease depends on the amount of HbA and HbF.

which present(s).

It has been estimated that there are probabll" as nian] as ( 100,000)

Iiving patients with homozygous B- thalassemia in the r,rorld and over (150

million) peoples carry B- thalassemia gene, in Iraq, thalassemia carrier rate

fbr the country was found to be (4-8%)6).
The proteins are substances made up of 2 smaller building blocks

called amino acids(7). The major site of synthesis of the plasma proteins is
the liver(8). Total protein level depend on the balance betrveen their
synthesis and their tatalolism or loss from body('). A total serum protein
test measures total smount of protein in blood serum as well as the

amounts of albumin and globulin(10).

Serum proteins has been studied as an indicator of liver disfunction
parathyroid hormone disturbance in B- thalassemia(rr), and hemoglobin SS

disease(12).

The present study was carried out to study of protein profile and

explore the fractions that is affected in sera of B- iitalassemia ma.ior

(splenectomy & non splenectomy ) and B- thalassemia intermedia in

comparison with normal subjects and pathological controls (anemia and

minor).

Materials and Methods:
The study included 72 patients with B- thalassemia u,ho admitted to

thalassemia center in Ibn Al-Baladdy hospital to blood transfusion.
Median age of patients ranged between (3 to 30) years. Patients were

further classified according to their severiry" disease: thalassemia major
(n:53) which is subdivided to splenectomr' (n:24) and non- splenectomv
(n:29) thalassemia major and thalassemia intermedia (n:9).

The diagnosis of B- thalassemia was confirmed bt' measured Hbf.
HbA, HbA2 in Hb electrophoresis technique model: Bio Rad Variant.
Patients suffering from any disease that may' interfere wrrh r.rur study were

excluded. Blood was also collected from (26) normal healthl' control and

(18) pathological control (anemia) and (15) ofpathological control (miner)
which is confirmed by Hb- electrophoresis technique too.

Total protein was performed using Randox kit (Biuret m91l19d(r3),

while the elictrophoresiJ was by Sherwin and Kohn methods (r4'r5) 
and

performed using cellulose stripe and barbital buffer with a pH of (8.6) and
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ionic strength (0.075). the buffer was prepared by dissolving (41.2) gm of
sodium barbiton and (7.36) gm of diethyl barbituric acid in distilled water.
Dye solution (Ponceau S) was made by dissolving (0.2) gm of (P) poi,vder

in (100m1) distilled water (solution A) and dissolving (3) gm of trichloro
acetic acid in (l00ml) distilled water (solution B). and solutions A and B

were mixed together. The washing solution (5%) was ,ione by dilutirrg
(5ml) of glacial acetic acid to (100m1) in distilled u,ater.

The electrophoresis tank was filled with the buffer to the
appropriate mark, the samples were placed in the cellulose acetate of the
sheet. The sheet was placed in the tank, whereas the two end of the sheet

floated in the buffer. Electrophoresis was done under constant current
(150mA) for (30min). The sheet was removed and treated with a staining
reagent for at least (15rnins). Then the sheet was passed through a washing
solution. And then allowed to dry. Finally the sheet was cut to five
fractions and the dye was dissolved in appropriate solution (buffer). The

colour was measured at (520)nm.

Statistical methods:
Results were analyzed statistically using student's "t" test (16) 

to
determine the level of significance. The difference was considered to be

significant only when "p" value was less than (0.05).

Result and discussion:
The total protein levels expressed as (mean tSD) goh in sera of

normal, pathological controls and patients with B- thalassemia major
(splenectomy and non splenectomy) and intermedia. are shown in table
(1)
Table (l ): Total protcirr levels in sera of normal, pathological controls &

atients with B- thalassemla

Groups No.
TP goh

mean + SD

Normal control 26 728± 0.43

Patholosical control: つ
Ｄ
つ
つ

( I ) anemia 18 7.26± 0.54

(2) minor く
リ 7.52± 0.58

Patients: 72

(a) major 53

(l) splenectomy 24 7.69± 0.60

(2) Non splenectomy 29 6.97± 0.46

(b) Intermedia 19 7.39± 0.45
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Figures (1,2) show the comparison and distribution of Tp levels in

sera of all groups studied. respectively.
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Fig. (t): The comparison of TP level in sera of normal,

pathological controls, and thalassemia patients
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It is evident from the table and figures that there was a signilicant
decrease (P<0.002) only in mean concentration of non si'rletrectomr group

in B- thalassemia as compared to normal and pathological controls.
The possible cause of decreased serum total protein secondarily

decreased synthesis of protein by the liver(r7).

The main aspect in management of sever B- thalassemia is to keep

the patient on maintenance blood transfusion. The hyper transfusion

regimen is the best, because the stimulus to unlimited bone marro\\r

expansion, which causes much of the pathology. is reduced(r8). But the

most serious side effect of lifelong transfusion therapy is iron overload(re).

The splenectomy B- thalassemia major and B- thalassemia intermedia in
which the iron loading is less accelerated than that of non-splenectomy

thalassemia major(r). The same results were reported in sickle cell

disease(20). Similar reduction are shown in cr- thalassemia hydrops fetalis

but the cause is different. The resource is placental oedema(2r).

Table 2 shows the result of serum protein electreohoresis & figure
(3) shows the bands of serum protiens of normal and B- thalassemia

(splenectomy , non splenectomy & intermedia patients) . In electrogram

obtained from serum , usually only five bands (albumine , ctr . ct2 .F & y
globulin) are seen. These results reveal that the mean values of albumin

and cr1- globulin in sera of patients with B- thalassemia not significantly
different as compared to normal and pathological controls. This agrees

with Livrea et al.Q'), who studied this parameter in patients with B-
thalassemia major. Moreover it agrees with previous study in other
hemoglobinopathies, VanDerdijs et al.("), and Ojuawa 

-e.t 
al.(24\, studied

this pirametir in sickle cell disease, Dafallah et ul.Qt), studied it in

glucose-6- phosphate dehydrogenase- deficient.
But the present study does not agree with Wanachiwanawin et

al.Q"\, study in which the lower levels of serum albumin are seen, this is
due to the presence of anti- HCV antibodies in sera 6f patients with B-
thalassemia are studied.
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Table (2): Results

Groups No. Albumin golo ch Eo/o otl% | p e% γЯ%

Normal control 26 3.9± 0.49
0.360±

0.013 罵|

0.82土

0.145

1.230±

0.315

Pathological
anemia

18 3.78± 0.37
0.399土

0.014

0.847 ,

+i
I

0.r36 i

0.86士

0.165

1.340±

0.215

Pathological

IIllner
15 4。 13± 0.51

0.381±

0.020

0.727

+

0.149

0.779±

0.186

1.470±

0.263

B- thalassemia
splenectomy

24 4.07± 0.46
0.361±

0.015

0.670

+

0.160

0.632士

0.165

1.855±

0.552

B- thalassemia
non

splenectomy

29 4.03± 0.48
0.360±

0.026

0.626

+ ~
0.182

0.526±

0.110

1.307土

0.354

p- thalassemia
intermedia

19 4.37± 0.46
0.317±

0.019

0.551

+

0.143

0.553士

0.176

1.567±

0.613
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Fig. (3): sera electrophoresis pattern of normal, patients with B

thalassemia ( left ):
l- normal. 2- splenectomy. 3- non splenectomy. 4- intermedia.

The comparison and distribution of albumin levels and crl- globulin

Ievels are shown in figures (4,5,6, 7) respectively.
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Fig. (7): Distribution of al levels in sera of normal, pathological

controls, and patients with B- thalassemia

The reduction in cr2- globulin and B- globulin fiactions are shown in
table 2 and figures (8,9,l0,l I ) respectivell'. The reasons of this reduction
may be due to the presence of haptoglobin in cr2 band(27) and transf-errin

(the iron bound protein) in B- band(28), which is considered as to be the

major component of the p- globin fraction and a pears as a distinct band
on high - resolution serum protein electrophoresis(2').
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Fig. (8): Comparison of Alpha dz levels Tn sera of normal,

pathological controls patients with B- thalassemia
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Fig. (9): Distribution of Alpha d2 levels in sera of normal,

pathological controls patients with B- thalassemia
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Highly significant elevation (P<0.001) u'as obsen'ed onll in .v-

globulin levels of patients with splenectomy 0- thalnssemia group as

compared to normal and pathological controls. while other -qroups is

significantly elevated , this shown in table 2 and figures (12,13) , the

reasons may be due to that splenectornl, thalassemia is classicalh'
associated with increased susceptibitity to infection(30). The major lon-e-

term risk after splenectomy is over welming sepsis. This a rises ir-r y-

globulin levels were also demonstrated in patients with sickle cell anemia

and genetic hemochromatosis by Rive.o(''), Millard(32) and Fargion(33)

respectively.
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Fig. (3.12): Comparison of Gamma globulin levels in sera of normal,

pathological controls patients with B- thalassemia.
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Fig. (f .13): Distribution of Camma globulin levels in-sera of normal,

pathological controls patients with p- thalassemia.

In previous studies present that the risk of post splenectom)

sepsis in thalassemia major is increased more than (30) fold in comparison

with normal population(lo). On the other hand. the y- -elobulin band consist

ol'C- reactine protein(r5). which is elevated as mush as (1000) fold in
response to inflammation. also the acute nature of the inflammatory
syndrome as assessed by CRP concentration was conflrmed by high level

oi'production of lgM and IgG antibodies(2e' 
:10 i6).
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Abstract:

The research included a fleld experilnent under different levels of

phosphorus(0,20,40)Kgp/ha with and without presence of mycorrhizal

fungi C馨奥匹獲L勲降 during the experimental period,■ ve plants were

taken randomly'om each treatinent at 500/O flowering stage to measure

shoots dry weights gnプ plant.Concentration of N and p%percentage of

r00t infection by mycorrhiZal hngi,co■ On product市ity(hair)gm,

number of balls/plant and Weight of 100 seeds Were determined.when the

メ血 SW憲
1寵 需 :T緊 ふa五ad“ 制 。w%

1.The highest shoot dゥ Weight was recorded(54。 30,50.30)gm/plant in

(FOP2 and FIPl)treatment respect市 ely which indicated that

mycorrhizal ingi rnight be used to reduce the application of

2ギ蹴lW庸胤鴇ed宙ぬcm禦翠 hむ mdた面貶dけ
20kgp/ha gave the highest concentration of N and P as compared with

Other treatments.

3.The addition of 40Kg P/ha Caused asignincant decrease in the

鵬驚鯖観脱:寧拠謂im即
面劉m ascom“Кd輛ぬ

and non-lertilized treatinent.

4.Thc highest values for harvesting stage,cottOnヽ veight/plant,nulllber of

bans/plant and seed index(Weight Of 100 seeds)ヽ Vere(13.25, 8.56,

12.56)respeCIVely for(FIPl)treatment with signincant increase as

colnpared with other treatinents.

5.Inocdadon with(G′
“

Sρο″ 助ρ.)funguS W■h the addMon of

20KgP/ha or without,shoWed of asigniflcant increase in cotton Weight

grn/plants as COmpared with other treatinents. the signiflcant

difference between(FIPl and FIPO)refers to the importance of fungi

use.

6.The treatment that inoculated with(G′
gαS′οrα S′ρ fungus and

fertilized with 20KgP/ha or without fertilizer(FIPl and FlPO)were

signiflcantly increased in weight of yield gm/plant compared with
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Abstract

The airn behind this research is to study of chど acteristics Of
nlixture of exponential distributions and fOr ●ⅣO populatiOns for the

continuous case in addition to conling up t0 1naking fOn■ ulas fOr the
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proportion)by using is moment and maximuln likelih00d methods,then
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evaluate the signiflcance of the nlixture exponential distribution for h〃 0
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