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Abstract— Energy efficiency in routing protocols has been major 

design goal for Mobile Ad Hoc Networks (MANETs) as the hosts 

are energy constrained. Essentially two actions are concerned in 

this notion: Finding an optimal routing path-ways and transferring 

the packets throughout an inter-network. The transmission process 

of packets way-through an inter-network is called packet switching 

which is straight forward and simple, but the path determination 

could be very difficult and complex. The routing protocols 

employed use many metrics as a benchmark measurement to 

compute the best path for routing the packets to its destination and 

that measurement could be number of hops, and are used by the 

routing technique to determine the optimal path for the packet to its 

destination. The process of path determination is through routing 

tables, which contain the total route information for the packet. 

Routing techniques are majorly classified into static-routing and 

dynamic-routing. The static routing method refers to the routing 

strategy which is done manually or statically in the router. The 

static routing technique maintains routing tables written by a 

networks administrator. The dynamic routing process refers to the 

routing policy that is being learnt by routing protocol and is used 

consequently. This type of routing basically depends on the state of 

the network.  
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I. INTRODUCTION 

A. Routing1 in Mobile Ad hoc Networks  

 

Mobile1 Ad-hoc networks1 are self-organizing1 and1 self-

configuring multi-hop wireless  

networks1where the1 structure1 of the network1 changes 

dynamically. This1 is basically1 due to  

the1 movement of the nodes. Nodes1 in these1 networks1 

utilize1 the same 1random-access  

wireless channel, 1cooperating 1in an 1intimate manner 1to 

engaging 1themselves in 1multi-hop 

forwarding. The1 node in the network 1 not only acts as hosts 

but also as routers that route  

data to/from other nodes in network. In mobile 1 ad-hoc 

networks1 there is no infrastructure1 support1 as is the 1case 

with 1wireless networks, 1and since a 1destination node  

might be 1out of range 1of a source 1node transferring 

1packets; 1so there1 is need of a routing 

procedure [1][2][3][4][5][6].  

 

II. RELATED WORK 

 

A.1 Properties1 of Ad-Hoc1 Routing1 Protocols1  

 

The1 properties1 that are desirable1 in Ad-Hoc1 Routing1 protocols 

are:  

 Multiple1 Routes1: 1To 1reduce the number 1 of reactions1 

to topological1 changes1 and congestion1 multiple1 routes can be 

used. If1 one route 1 becomes1 invalid, it is possible that 1 another 

stored route1 could still1 be valid and thus saving1 the routing 

protocol from initiating 1 another route1 discovery1 procedure [15].  

 

 Distributed Operation1: The1 protocol1 should1 be 

distributed. 1This is the case 1 even1forstationary networks. It 

should not be dependent on a centralized controlling node. 

1The dissimilarity1 is that the nodes1 in an ad-hoc network1 can 

enter or  

leave the network very easily and because of mobility the 

network can be  

partitioned [7][8].  

 

 Quality1 of Service1 Support:  The Qos should not be 

dependent on a centralized controlling node. Some sort of 

Quality of service is necessary to incorporate into the routing 

protocol. This helps to find what 1 these networks1 will be used 

for1. It could1 be for instance 1 real time1 traffic support1 [16][17].  

 

 Loop1 free1: To improve the overall 1 performance1, the 

1routing protocol should assurance that the routes supplied are 

loop-free. This 1avoids any misuse of bandwidth1 or1 CPU 

consumption1 [9][10]. 

 

 Demand1 based1 Operation: This1 means that the 

protocol1 should1 react only1 when needed and should not 

periodically1 broadcast1 control information. To 1 minimize the 
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control overhead 1 in1 the network and thus not misuse the 

network resources the protocol should be reactive.  

 

 Unidirectional1 link1 Support1: Utilization of these 

links and not only the bi-directional links improves the routing 

protocol performance [ 11][12]. The1 11 radio environment can cause 1 

the formation1 of unidirectional1 links.  

 

 Security1: Authentication and encryption is the way 

to go and problem  

here lies1 within distributing1 the keys 1 among the1 nodes1 in the 

ad-hoc1 network [13][14]. The1 radio1 environment1 is especially1 

vulnerable to impersonation 1 attacks so to1 ensure1 the1 wanted1 

behavior of the routing protocol we need some sort of  

security1 measures1.  

 

B  Problems in routing with Mobile Ad hoc Networks  

 

 Routing1 Overhead1: In1 wireless1 ad hoc1 networks1, 

nodes1 often1 change1 their1 location within network1. 1So, some1 

stale routes1 are1 generated1 in1 the1 routin1g table1 which1 leads to 

unnecessary1 routing1 overhead1.  

 Interference1: This1 is th1e maj 1or pr1oblem w1ith 

m1obile 1ad-hoc netw1o1rks as l1inks c1ome a1nd go depen1ding on 

the tra1nsmission chara1cteristics, one transmi1ssion mi1ght 

int1erfere w1ith ano1ther one an1d node m1ight o1ver hear 

tran1smissions of ot1her no1des and can co 1rrupt the tot1al 

transm1ission. 

 Asymmetric1 link1s: Mo1st of th1e w1ired net1works re1ly 

on the sy1mmetric lin1ks w1hich are alwa1ys fi1xed. B1ut th1is i1s 

n1ot a c1ase wi1th a1d-hoc net 1works a1s the n1odes ar1e mobile and 

cons1tantly cha1ging the1ir po1sition wi1thin n1etwork  

 Dynamic Topolog1y: Si1nce the topo1logy is not 

con1tant; so th1e mob1ile no1de m1ight m1ove or medium 

characteristics might change. In ad-hoc networks, routing 

tables  

mu1st someh1w refle1ct these ch1anges in to1pology an1d rou1ting 

algo1rithms ha1ve to  

be adap1ted. F1or ex1mple i1n a fi1xed net1work rou1ting table 

updating takes place for  

every 30sec. This updating frequency mi 1ght be v1ery l1ow f1or 

ad-hoc net 1works [17]. 

 

C. Classification of Routing Protocols  

 

A protocol is a set of standard or rules to exchange data 

between two devices. Classification of routing protocols in 

mobile ad hoc network can be done in many ways, but most of 

these are done depending on routing strategy and network 

structure. Routing is the exchange of information from one 

station of the network to other. The major goals of routing are 

to find and maintain routes between nodes in a dynamic 

topology with possibly unidirectional links using minimum 

resources. The routing protocols can be categorized into 

unicast routing protocols, multicast routing protocols and 

broadcast routing protocols[ 18]. The clas1sification of r1outing 

pr1otocols is shown1 in figure 11. 

 

D.  Proactive Routing Protocols 

 

Proacti1ve MANET prot1ocols a1re al1so calle1d as table-dri1ven 

proto1cols a1nd w1ill ac1tively determ1ine the la1yout of the 

net1work. There is hence minimal delay in determining the 

route to be taken. This is especially important for time-critical 

traffic. Wh1en the rou1ting infor1mation becomes worthl1ess 

quick1ly, there are many short-lived routes that are being 

determined and not used before they turn invalid. Therefore, 

another drawback resulting from the increased mobility is the 

amount of traffic overhead generated when evaluating these 

unnecessary routes. Lastly, if the n 1odes transmit infreque 1ntly, 

most of the rou1ting inform1ation is consi1dered  

redun1dant. The nodes, however, continue to expend energy 

 
 

Fig. 1 Classifi1cation of Routi1ng Protoc1ols in MANET. 

 

by continually updating these  

unu1sed entries in thei 1r ro1uting ta1bles as me1ntioned, ene1rgy 

conser1vation is ver1y im1portant  



Matrix Academic International Online Journal Of Engineering And Technology  
ISSN: 2348-3326, SJIF 2013 3.9  

www.maioj.org © MAIOJET  
Volume 4, Issue 2 

 

3 
 

in a MA1NET sys1tem de1sign. Ex1mples of Proa1ctive MA1NET  

Pr1otocols in1clude:  

 

 Destination Sequenced Distance Vector (DSDV) 

 Intra zone Routing Protocol (IARP) 

 Distributed Bellman-Ford (DBF) 

 Wir1eless Ro1uting Pr1otocol (W1RP) 

 Cl1uster-he1ad G1ateway Sw1itch 1Routing (CG1SR) 

 Fisheye Routing Prot1ocol (FISHEYE) 

 So1urce T 1ree Ad1aptive Ro1uting (ST 1AR) 

 Optimized Link State Routing (OLSR) 

 Landmark Ad Hoc Routing Protocol (LANMAR) 

 Hierarchical State Routing (HSR) 

 

E. React1ive Rou1ting P1rotocols 

 

React1ive proto1cols sta1rt to se1t up ro1utes on-dem1and. The 

routi1ng protoc1ol w1ill try to  

es1tablish su1ch a route, whe1never a1ny node wa1nts to ini1tiate 

comm1unication w1ith an1other  

no1de to whi1ch it has no r1oute. Thi1s ki1nd of pr1otocols is 

us1ually b1ased on flo1oding the  

ne1twork wit1h R1oute Req1uest (R1REQ) an1d Ro1ute rep1ly 

(RE1RP) mes1sages. B1y the he1lp of  

Ro1ute requ1est mess1age the rout1e is disco1vered fr1om sou1rce to 

t1arget nod1e; a1nd as the  

ta1rget n1ode g1ets a R1REQ mes1sage it s1end RE1RP me1ssage for 

the co1nfirmation tha1t the  

ro1ute has be1en establ1ished. Thi1s ki1nd of pr1otocol is u1sually 

ve1ry effe1ctive on sing1le-rate  

net1works. It usua1lly min1imizes the nu1mber of h1ops of the 

sele1cted path. Ho 1wever, on  

multi-rat1e netw1orks, the num1ber of ho 1ps is not as impo1rtant as 

the throug1hput th1at can be  

obtai1ned on a giv1en path. So1m1e of the re1a1ctive pr1otocols 1are: 

 

 A1d H1oc On-Dem1and Routi1ng (AODV) 

 Dyna1mic Mobile Ad Hoc Network On-Demand 

Routing (DYMO) 

 Associativity Based Routing (ABR) 

 Dynamic source Routing (DSR) 

 Inter zone Routing Protocol (IERP) 

 Cluster Based Routing Protocol (CBRP) 

 Signal Stability Routing (SSR) 

 Temporally Ordered Routing Algorithm (TORA) 

 Rel1ative Distanc1e M 1icro Dis1covery Ad H1oc Ro1uting 

(RDM1AR) 

 Caching and Multipath Routing (CHAMP) 

 A1nt-b1ased Ro1uting Alg1orithm (1ARA) 

 

F.  Hy1brid Proto1cols 

 

Si1nce proa1ctive and rea1ctive proto 1cols ea1ch w1ork be1st in 

op1positely dif1ferent sce1narios, hy1brid meth1od use 1s bo1th. It is 

use1d to fi1nd a bala1nce bet1ween bot1h prot1ocols. Pr1oactive 

ope1rations are restr1icted to sm1all dom1ain, wh1ereas, re1active 

proto1cols are u1sed for loc1ating no1des out1side th1ose doma1ins. 

Exa1mples of hy1brid pr1otocols a1re:  

 

 Z1one Resolution Proto 1col (ZRP) 

 Hybrid W1ireless Mesh Prot1ocol (HWMP) 

 Order One Rout1ing Pro1tocol (OORP) 

 Wi1reless A1d H1oc Ro1uting Pr1otocol (W1ARP)  

 HAZY Sighted 1Link Stat1e Ro1uting Protocol (HSLS) 

 

III. SIMULATION ENVIORNMENT AND RESULTS 

 

A. Introduction to QUALNET 

 

Qua1lNet is a comprehen1sive suite of tools for mode 1ling large 

wire1d and wirele1ss networks.  

Qu1alNet is composed of the following tools:- 

 

 Qua1lNet Arch1itect- A graphic1al experime1nt des1ign 

and visu1alization tool. Arc1hitect has two mo1des: 

Desig1n mode, for des1igning experi1ments, and 

Visu1aliz1e m1ode, for ru1n1ning an1d visualiz1ing 

exper1iments. 

 QualN1et An1alyzer- A gr1aphical sta1tistics an1alyzing 

t1ool. 

 Pack1et Tr1acer- A g1raphical to1ol to dis1play an1d 

a1nalyze pa1cket tra1ces. 

 F1ile Ed1itor- A te1xt ed1iting t1ool. 

 Qual1Net Com1mand L1ine Inte1rface- Co1mmand lin1e 

acce1ss to the si1mulator.  

 

B.1 Q1ualNet Key Features 

 

The key features of Qua1lNet th1at ena1ble creating a vir1tual 

netw1ork env1ironment are:- 

 Spe1d 

 Sca1lability 

 M 1odel Fidelity 

 Po1rtability 

 Ex1tensibility 
 

C. Sce1narios-base1d Net1work Simul1ation 

 

In QualN1et, a spec1ific net1work top1ology is r1eferred to as a 

sce1nario. A scena1rio al1lows the us1er to spe1cify all the 

netw1ork compo1nents an1d con1ditions un1der wh1ich the 

netw1ork w1ill op1erate. Th1is inclu1des terr1ain deta1ils, chan1nel 

prop1agation ef1fects inc1luding pa1th lo1ss, fa1ding, a1nd 

shado1wing, w1ired and wi 1reless sub1nets, netw1ork dev1ices 

suc1h as sw1itches, h1ubs an1d ro1uters, t1he ent1ire proto1col st1ack 

of a va1riety of sta 1ndard or u1ser-co1nfigured net1work 

comp1onents, a1nd applica1tions runni1ng on th1e net1work. M 1ost 

of th1ese are o1ptional; yo1u c1an sta1rt wi1th a b1asic net1work 

scen1ario a1nd sp1ecify as mu1ch det1ail as nec1essary to impr1ove 

the accura1cy of y1our netw1ork mod1el [18][19]. 

 

D. Gen1eral Appro1ach 

 

In gene1ral, a simu1lation st1udy com1prises the followin1g 

pha1ses:- 
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 Th1e fi1rst phase is to crea1te an1d prep1are the 

s1imulation scenar1ios base1d on the sy1stem descri1ption 

and m1etrics of in1terest. 

 T 1he ne1xt st1ep is to ex1ecute, vis1ualize, a1nd an1alyze 

the c1reated scena1rios a1nd col1lect simu1lation res1ults. 

Simula1tion res1ults ca1n incl1ude scen1arios ani1mations, 

runti1me statis1tics, fin1al st1atistics, an1d output tr1aces. 

 Th1e last st1ep is to an1alyze the sim1ulation res1ults. 

Typic1ally, user1s ma1y ne1ed to ad 1just t1he scen1arios 

bas1ed on the co1llected sim1ulation res1ults. F1igure 2 

pres1ents the pr1ocess. 

 

 
Fig. 2 Scenario Based Simulation 

 

 

E.  Fil1es Asso1ciated w1ith a Sce1nario 

  

Inpu1t to the Qu1alNet sim1ulator consi1sts of sev1eral fi1les. For 

the comm1and l1ine inte1rface, th1e in1put fil1es a1re te1xt file1s. The 

mai1n i1nput f1iles for co1mmand li1ne ar1e- 

 Sce1narios con1figuration file:  

 No1de pla1cement file 

 Applic1ations config1uration file:  
 

IV.  PERFORM1ANCE MET 1RICS 

 

The follo1wing a1re the per1formance m1etrics u1sed to evalu1ate 

the perform1ance of dif1ferent r1outing protoc1ols:- 

 

 Pa1cket Del1ivery R1atio 

 Aver1ag1e en1d to e1nd de1lay 

 Thro1ughput 

 Jit1er 

 

V.1 DESIGN OF THE SIMULATION 

 

The netw1ork desig1ned as ra1ndomly a s1quare to1pology wh1ere 

the mo1bile no1des p1laced startin1g fr1om the c1enter p1oint a1nd 

the li1nks w1ere 1made by wir1eless li1nk. The Qua1lNet 

Sim1ulator w1as u1sed w1hich h1as a sc1alable net1work libr1aries 

an1d giv1es accu1rate an1d effic1ient execut1ion. T 1he simulat1ions 

w1ere perfo1rmed w1ith diff1erent n1ode mo1bility spe1ed a1nd 

C1BR (Con1stant b1it r1ate) traff1ic fl1ow. By thi1s prop1osed 

to1pology, th1e fa1lure of n1ode c1an be eas1ily dete1cted an1d it 

giv1es th1e w1ay fo1r the accu1racy i1n the1ir perfo1rmance. CB1R 

tra1ffic flow1s w1ith 5112 by1tes w1ere a1pplied. 

 

 A t1wo-ra1y pa1th lo1ss mo 1del wa1s ap1plied to avo1id ran1dom 

pa1th lo1ss compone1nt. S1imulations we1re m1ade in diff1erent 

s1peed utiliza1tion w1ith IE1EE 8102.11 Distribute1d Co1ordination 

Functi1on (DCF) a1d hoc m1ode and1 the chan1nel freq1uency is 

2.4 G1Hz an1d the d1ata rate 2m1bps. T 1he ne1twork pr1otocol 

h1ere appl1ied w1as In1ternet Pro1tocol ver1sion fou1r (IPv4). Th1e 

stu1dy ha1s been don1e to co1mpare the efficien1cy of fi1ve 

differe1nt uni1casting rou1ting p1rotocols in Mob 1ile Ad Ho1c 

Netwo1rks. F1or the perfor1mance comp1arisons be1tween 

DY1MO, I1ARP, I1ERP, OL1SR, and Z1RP protoc1ol the 

follo1wing para1meters ha1s be1en var1ied a1nd comp1arisons h1as 

b1een m1ade:- 

 Vary the number of nodes i.e. 50, 75, and 100. 

 Vary the pause time i.e. 15s, 30s, and 60s. 

 Vary the environments i.e. Grid, Uniform, and 

Random. 

U1sing the Qu1alNet netwo1rk simula 1tor comp1rehensive 

simulati1ons a1re ma1de to ev1aluate t1he protocol1s expl1ained 

a1bove. Qu1alNet pr1ovides a scal1able si1mulation env1ironment 

for m1ulti-h1op wirel1ess a1d hoc netwo1rks, w1ith var1ious 

med1ium acc1ess co1ntrol pro1tocols. The too 1l used1 is QualN1et 

5.0, the QoS para1meters are F1irst Pac1ket Sen1t at (s), La1st 

Pack1et S1ent at (s), Tot1al Pack1ets Se 1nt, Total B1ytes Sent, 

Tota1l By1tes Rec1eived, Through1put, Aver1age en1d to en1d 

de1lay, an1d Av1erage Jitt1er. The perfo 1rmance of a1ll five 

ro1uting protoco1ls is ca1rried ou1t an1d res1ults are com1piled. 

Ea1ch da1ta po1int in the gra1phs is a1n aver1aged o1ver 10 

sim1ulation ru1ns. 

 
TABLE 1: Standard Parameters for overall Scenarios 

 

DEVICE PROPERTIES 

No. of Nodes 100 

Pause Time 30sec 

Minimum Speed 0mps 

Maximum Speed 20mps 

Mobility Model Random Waypoint 

Traffic Application CBR 

Network Protocol IPv4 

 

 

VI. RESULT AND ANALYSIS 

 

1In the fi1rst th1ree grap1hs the n1umber of n1odes h1as been 

varie1d as 50, 75, and 100 node1s and all other pa1rameters are 

sa1me as l1isted in a1bove ta1ble 1. 

 



Matrix Academic International Online Journal Of Engineering And Technology  
ISSN: 2348-3326, SJIF 2013 3.9  

www.maioj.org © MAIOJET  
Volume 4, Issue 2 

 

5 
 

All the clients have 4274bps throughput. The max1imum 

thro1ughput is sh1own by DYM1O, IA1RP and OL1SR. ZRP 

shows the least value of throughput i.e.662 in case of 100 

nodes but for this hybrid protocol the value of throughput 

is maximum i.e. 4273 in case of 75 nodes as shown in the 

above graph. IERP shows the le1ast valu1e o1f throu1ghput i.e. 

4097 and OLSR shows the maximum value of throughput 

i.e. 4300 whe1n ther1e a1re 75 no 1des. IERP shows the 

minim1um v1alue of throughput i.e. 29 14 and OLSR shows 

the maximum value of throughput i.e. 4102 when there are 

50 nodes. Figure 3 presents a metric called end to end 

delay. 

 

 
Figure 3.  No. of Nodes v/s Average E1nd to En1d De1lay (ETED) 

 

The maxim1um val1ue of ET 1ED i.e. 0.5946965 18 is shown 

by IERP and minimum value of ETED i.e. 0.004023 155 is 

shown by IARP when there are 50 nodes. IERP shows the 

maximum value of ETED i.e. 0.04539570 1 and OLSR 

shows the minimum value of ETED i.e. 0.00482 1175 when 

there are 75 nodes. When there are 100 nodes, ZRP shows 

the maximum value of ETED i.e. 0.0788906 14 and IARP 

shows the minimum value of ETED i.e. 0.0 13506535.  

 

IARP and ZRP show al1most e1qual v1alues of jit1ter in1 all 

the thre1e c1ases. The maximum value of jitter i.e. 

0.493286 173 is shown by IERP and IARP shows the 

minimum v1alue of jit1ter i.e. 0.000264893 when there are 

50 nodes. The minimum value of jitter i.e. 0.0005800 15 is 

shown by OLSR and IERP shows maximum value of jitter 

i.e. 0.004240272 in case of 75 nodes. When the 1re are 1010 

n1odes, DYMO shows the maximum value of jitter i.e. 

0.016897721 and IERP shows the minimum value of jitt 1er i.e. 

0.00345466. Figure 4 presents the jitter comparison. 

 

 
 

Fig. 4  No. of nodes v/s Average Jitter 

 

 

VII. CONCLUSION 

 

In th1e rec1ent time, ther1e has bee1n a l1ot of int1erest in1 the 

fie1ld of wir1eless netw1orks. T 1he f1ast m1oving wo1rld 

de1mands se1amless com1munication faci1lities, so for1mer 

typ1es of co1nnectivity l1ike w1ired net1works, r1adio wa1ves ar1e 

f1ast be1coming ob1solete. O1ne of t1he re1cent deve1opments i1n 

the wo1rld of wir1eless techn1ology i1s the u1se o1f mo1bile a1d 

hoc netwo 1rks, w1hich w1as ini1tially deve1loped for mil 1itary 

applicati1ons b1ut no1w h1as ex1panded t1o inclu1de man1y 

com1mercial applic1ations. T 1he ra1pid u1se o1f MA1NET h1as 

res1ulted 1in th1e iden1tification of se1veral pro1blems a1nd th1is 

h1as be1come t1he a1rea of pot1ential in1terest. 

In this work total five, two On-demand routing protocols, 

namely, Dyna1mic Mobile Ad Hoc On-De1mand Routi1ng 

(DYMO) and Inter-z1one Ro1uting Proto1col (IERP), two 

proactive routing protocols, namely, Op 1timized Link St1ate 

Rou1ting (OLSR) and Int1ra-zone rou1ting prot1ocol (IARP) 

and one hyb1rid ro1uting pr1otocol, namely, Zone ro 1uting 

prot1ocol (ZRP) has been compared by varying different 

parameters. The simulation of these protocols has been 

carried out using QUALNET 5.0. In these experiments, 

some problems are faced li1ke commun1ication stopp1age f1or 

sho1rt du1rations; diff1erence in sim1ulation tim1es fo1r sam1e 
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scen1arios con1ditions (of co 1urse w1as so1lved by run1ning the 

simu1lator f1or m1ore t1han 10 ti1mes). T 1he pr1oblem of 

sw1itching o1ff the sce1nario 1was a1lso fac1ed fo1r high1er no1de 

den1sities. It m1ight b1e d1ue to th1e proce1ssor capa1bility 

(R1AM us1age).  

 

It can be seen that in each case the best perform1ance in 

term1s of pac1ket deli1very rati1o (PDR) a1nd th1roughput is 

sho1wn by on dema1nd prot1ocols (DYMO and IERP). ZRP 

sh1ows le1ast va1lues of throu1ghput an1d PD1R in eac1h c1ase. 

IA1RP sh1ows the lea1st va1lues f1or ave1rage ji1tter and en1d to 

e1nd de1lay. The maxi1mum value1s of ave1rage jit1ter an1d 

ETE1D is sh1own by 1OLSR a1nd IE1RP. D1YMO an1d ZR1P 

sho1w m1oderate v1alues of ji1tter and de1lay. When varying 

the environment as GRID, UNIFORM and then 

RANDOM, for all the protocols the numbers of packet 

sent are more when there is GRID and UNIFORM 

environment but it is less when the environment is 

RANDOM. Regret1fully Z1RP wa1s n1ot up to the mark and it 

perf1ormed po1orly thro1ughout a1ll the simul1ation se1quences, 

he1nce putti1ng it1self out of co 1mpetition. He1nce, the ov1erall 

b1est performa1nce is sh1own by DYM1O in ea1ch ca1se. IER1P 

perfo1rm po1or in m1ore stressf1ul circ1umstances. 
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