
DVA D05 TCP Modelling ExerisesFebruary 10, 2008Exerise 1We have seen in the leture how the simple TCP equation, Eq 1 below, was derived1.
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(1)This equation gives the sending rate X [bytes/s℄ as a funtion of paket size s [bytes℄, round-trip time R [s℄, andpaket loss event rate ple. Note that ple atually is the paket loss event rate, not the paket loss rate. A paketloss event is the loss of one or more pakets during the same RTT. By using loss events instead of paket losses theTCP behavior of not halving the window more than one per RTT an be approximated. The mapping betweenpaket loss rate and paket loss event rate depends on the paket loss distribution. For the rest of this lab you anassume that ple =paket loss rate.a.) Calulate the ahieved throughput for the following set of parameters: s = 1500bytes, R = 10,20,50,100,200ms and ple = 1 ∗ 10−4, 1 ∗ 10−3, 1 ∗ 10−2, 5 ∗ 10−2.b.) Create one or more plots that show the throughput of TCP as a funtion of paket loss event rate for thedi�erent round trip times.Exerise 2We also saw that a slightly more re�ned variant of the throughput formula exists, that also aptures the e�et ofthe timeouts. Equation 2 below provides an expression that in addition to the window variation due to timeoutsand dupliate aknowledgments.
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(2)This equation gives the sending rate X [bytes/s℄ as a funtion of paket size s [bytes℄, round-trip time (i.e RTT)

R [s℄, number of reeived pakets per ak b, retransmission timeout tRTO [s℄ and paket loss event rate ple. Assume
b = 1and tRTO = 4 ∗ R for the following alulations.a.) Calulate the ahieved throughput for the following set of parameters: s = 1500bytes, R = 10,20,50,100,200ms and ple = 1 ∗ 10−4, 1 ∗ 10−3, 1 ∗ 10−2, 5 ∗ 10−2.b.) Create one or more plots that show the throughput of TCP as a funtion of paket loss event rate for thedi�erent round trip times.1Whih happens to be pratially idential to the formula you used in Lab 1, exerise B6-1



.) For what range of paket loss event rates are the di�erene in sending rate between Equations 1 and 2 morethan 1%?d.) Again use the RTT samples from http://www.s.kau.se/~perhu/labdata.data. What does the loss rate needto be for the two equations to reate a statistially signi�ant di�erene at the 95% on�dene level?e.) As was disussed during the leture, most TCP implementations employ delayed aknowledgments. This isan be modeled by Eq. 2 by setting b = 2. How muh perentual derease does the use of delayed aks reatefor s = 1500bytes, R = 50 ms and ple = 1 ∗ 10−4, 1 ∗ 10−3, 1 ∗ 10−2, 5 ∗ 10−2. (To extend this, you an alsoplot the derease over loss event rate for some di�erent RTTs.Exerise 3We have seen in the slides that a model an be reated that approximates the delay of transferring some objet bytaking into onsideration the e�et of the underutilization during slow start, and assuming that no losses our.a.) Use the model in the slides to alulate the time it takes to transfer a 26312 bytes HTML page from a webserver over a link whih has an RTT of 55 ms, and an available throughput of 2Mbps, and no loss.b.) Now make a alulation by hand using a time-sequene diagram for eah exhange, and onsider the e�etsof delayed aks and also onsider the spae taken by the involved headers. What time do you arrive at? howlarge is the perentual di�erene?.) Now assume that the 5th paket gets lost. How long will it take the onnetion for this ase?d.) We know that Equation 2 desribes only the steady state behavior, and does not take the slow start e�ets intoaount. However, we are interested in �nding out how large e�et this might have. Calulate the throughputaording to Eq. 2 and ompare that to the e�etive throughput you got for question  above.Exerise 4During the letures we have disussed max-min fairness and proportional fairness. Consider the network topologybelow. Assume all links to have apaity 5 Mbps and delay 10 ms. Now onsider the average steady state throughputfor the set of long lived TCP �ows.a.) What would a max-min fair alloation of rates be? What would a proportionally fair alloation of rates be?b.) For the illustrated network, will TCP alloate the rates aording to max-min fairness, proportional fairnessor something else? Why/why not?
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Figure 1: Example Topology2



AnswersExerise 1a) otave-2.9.15:117> funtion X=simpletp(s,R,p)> X=(s./(R.*sqrt(2.*p./3)))> endfuntionotave-2.9.15:191> simpletp (1500,0.01,[0.0001 0.001 0.01 0.05℄);X =1.8371e+07 5.8095e+06 1.8371e+06 8.2158e+05otave-2.9.15:192> simpletp (1500,0.02,[0.0001 0.001 0.01 0.05℄);X =9.1856e+06 2.9047e+06 9.1856e+05 4.1079e+05otave-2.9.15:193> simpletp (1500,0.05,[0.0001 0.001 0.01 0.05℄);X =3.6742e+06 1.1619e+06 3.6742e+05 1.6432e+05otave-2.9.15:194> simpletp (1500,0.1,[0.0001 0.001 0.01 0.05℄);X =1.8371e+06 5.8095e+05 1.8371e+05 8.2158e+04otave-2.9.15:195> simpletp (1500,0.2,[0.0001 0.001 0.01 0.05℄);X =9.1856e+05 2.9047e+05 9.1856e+04 4.1079e+04otave-2.9.15:196>Note that if you forget to use the orret element-wise matrix operations you will get erroneous results:otave-2.9.15:104> funtion X=simpletp(s,R,p)> X=(s/(R*sqrt(2*p/3)))> endfuntionotave-2.9.15:115> simpletp (1500,[0.01 0.02 0.05 0.1 0.2℄',0.00001);X =1.0961e+05 2.1923e+05 5.4806e+05 1.0961e+06 2.1923e+06b) see plot ommandExerise 2a) otave-2.9.15:131> funtion X=tp (s,R,p,b)> X=s./(R.*sqrt(2.*b.*p./3)+4.*R.*3.*sqrt(3.*b.*p./8).*p.*(1+32.*(p.^2)))> endfuntionotave-2.9.15:196> tp (1500,0.01,[0.0001 0.001 0.01 0.05℄,1);X =1.8355e+07 5.7577e+06 1.6850e+06 5.5288e+05otave-2.9.15:197> tp (1500,0.02,[0.0001 0.001 0.01 0.05℄,1);X =9.1773e+06 2.8788e+06 8.4249e+05 2.7644e+05 3



otave-2.9.15:198> tp (1500,0.05,[0.0001 0.001 0.01 0.05℄,1);X =3.6709e+06 1.1515e+06 3.3700e+05 1.1058e+05otave-2.9.15:199> tp (1500,0.1,[0.0001 0.001 0.01 0.05℄,1);X =1.8355e+06 5.7577e+05 1.6850e+05 5.5288e+04otave-2.9.15:200> tp (1500,0.2,[0.0001 0.001 0.01 0.05℄,1);X =9.1773e+05 2.8788e+05 8.4249e+04 2.7644e+04otave-2.9.15:201>b) see plot ommand) Test for approximate value:otave-2.9.15:205> p=[0.00001 0.0001 0.001 0.01 0.05℄p =1.0000e-05 1.0000e-04 1.0000e-03 1.0000e-02 5.0000e-02otave-2.9.15:207> tp (1500,0.01,p,1)./simpletp(1500,0.01,p)X =5.8090e+07 1.8355e+07 5.7577e+06 1.6850e+06 5.5288e+05X =5.8095e+07 1.8371e+07 5.8095e+06 1.8371e+06 8.2158e+05ans =0.99991 0.99910 0.99108 0.91719 0.67295Iterate to �nd answer:otave-2.9.15:211> while (tp (1500,0.01,p1,1)./simpletp(1500,0.01,p1))>0.99> p1=p1+1e-6> endp1 = 0.0011230X = 5.4272e+06X = 5.4821e+06otave-2.9.15:212>So the answer would be for loss event rate > 0.00112d) When using the most appropriate statisti method, (i.e before and after omparison), there will always a sta-tistially signi�ant di�erene. When alulating the on�dene intervals for the two means (tp and simpletp) itshould be possible to get loss rate value that reates a 95% signi�ant di�erene.e) otave-2.9.15:228> ((tp (1500,0.05,p,1).-tp(1500,0.05,p,2))./tp(1500,0.05,p,1))*100X =1.1618e+07 3.6709e+06 1.1515e+06 3.3700e+05 1.1058e+05X =8.2151e+06 2.5957e+06 8.1426e+05 2.3829e+05 7.8189e+04X =1.1618e+07 3.6709e+06 1.1515e+06 3.3700e+05 1.1058e+05ans = 4



29.289 29.289 29.289 29.289 29.289otave-2.9.15:229>As an be seen, the di�erene is not dependent on the loss rate.Exerise 3a) Assume MSS= 1460bytes.otave-2.9.15:239> O=26312*8O = 210496otave-2.9.15:240> S=1460*8S = 11680otave-2.9.15:241> R=2e6R = 2000000otave-2.9.15:242> RTT=0.055RTT = 0.055000otave-2.9.15:243> K=eil(log2(O/S+1))K = 5otave-2.9.15:244> K=eil(log2(O/S+1))Qotave-2.9.15:244> Q=floor(log2(1+RTT/(S/R)))+1Q = 4otave-2.9.15:245>del=O/R+2*RTT+4*(RTT+S/R)-(2^4-1)*S/Rdel = 0.37101otave-2.9.15:246>b) The di�erene for this ase will be aused by the additional time taken for the delayed aknowledgment, andthe fat that the window opens up slower. Reall that delayed aknowledgments wait up to 200ms for a seondsegment to arrive, and if a seond segment arrives within that time only generates one aknowledgment for the twosegments. If no seond segment arrives, then an aknowledgment will be generated 200ms after the reeption ofthe �rst and only segment. When you draw up the message exhanges, the �gure should generate in the followingexpression:otave-2.9.15:24> del2=O/R+2*RTT+5*(RTT+S/R)-11*S/R+0.2del2 = 0.65521otave-2.9.15:25> del=O/R+2*RTT+4*(RTT+S/R)-(2^4-1)*S/Rdel = 0.37101otave-2.9.15:26> del2/delans = 1.7345So this more detailed alulation gives a transfer time that is 73 per ent higher that the formula in the slides.) The answer on this question depends on whih TCP variant that is drawn, but in general the answer will be atleast 0.1 s larger than for b. Doing a alulation using limited transmit gives:otave-2.9.15:28> del2=O/R+2*RTT+8*(RTT+S/R)-12*S/R+0.2del2 = 0.83189otave-2.9.15:29> O/del2ans = 2.5303e+05 5



So the e�etive throughput for this ase was 253 Kbps, or one eighth of the available bandwidth of 2Mbps.d) The Sine there are 20 pakets sent in the diretion from the server (not ounting the pakets for onnetiontear down..) we an assume a paket loss event rate of 0.05. When entered into the equation we get:otave-2.9.15:434> tp(1500,0.055,0.05,2)X = 7.1081e+04ans = 7.1081e+04otave-2.9.15:435>So, the approximation done by the steady state formula is muh more onservative.Exerise 4a) For max-min fairness the answer is TR1−S1 = TR2−S2 = TR3−S3 = TR4−S4 = 1.25Mbps. For proportionalfairness (with the utility funtion set to maximize system throughput) the proportionally fair an be set aordingto 5 = 3TF +TF +TF +TF where TF equals to one �onnetion-hop� of system load. Sine the R1-S1 overs three hopswith ompeting tra� it ounts for 3TF . So, for the simplisti example of this exerise the proportionally fair theproportionally fair alloation is TR1−S1 = 1

6
∗5 = 0.833Mbps and TR2−S2 = TR3−S3 = TR4−S4 = 5

6
∗5 = 4.167Mbps.For other more omplex topologies it an be solved by using the derivative or alulating to �t.The solution an be veri�ed with the summation formula from the slides using c for the TR2−S2 = TR3−S3 =

TR4−S4rates:otave-2.9.15:278> =4.16667 = 4.1667otave-2.9.15:279>otave-2.9.15:279> x1 = [5-   ℄x1 =0.83333 4.16667 4.16667 4.16667otave-2.9.15:280> d=0.001d = 0.0010000otave-2.9.15:280> x2 = [5-(+d) -d -d -d℄x2 =0.83233 4.16567 4.16567 4.16567otave-2.9.15:281>otave-2.9.15:281> sum((x2 .- x1) ./ x1)ans = -0.0019200otave-2.9.15:282>otave-2.9.15:282> d=-0.001d = -0.0010000otave-2.9.15:283>otave-2.9.15:283> x2 = [5-(+d) -d -d -d℄x2 =0.83433 4.16767 4.16767 4.16767otave-2.9.15:284> sum((x2 .- x1) ./ x1)ans = 0.0019200otave-2.9.15:285>If we try with another value, one sum will be greater than zero:6



otave-2.9.15:271> =4.1 = 4.1000otave-2.9.15:272> x1 = [5-   ℄x1 =0.90000 4.10000 4.10000 4.10000otave-2.9.15:282> d=0.001d = 0.0010000otave-2.9.15:273>otave-2.9.15:273> x2 = [5-(+d) -d -d -d℄x2 =0.90100 4.10100 4.10100 4.10100otave-2.9.15:274>otave-2.9.15:274> sum((x2 .- x1) ./ x1)ans = 0.0018428otave-2.9.15:275>otave-2.9.15:275>otave-2.9.15:275> d=-0.001d = -0.0010000otave-2.9.15:276>otave-2.9.15:276> x2 = [5-(+d) -d -d -d℄x2 =0.89900 4.09900 4.09900 4.09900otave-2.9.15:277>otave-2.9.15:277> sum((x2 .- x1) ./ x1)ans = -0.0018428otave-2.9.15:278>b) TCP will behave more like proportional fairness than max-min fairness sine the throughput a TCP �ow thatompetes with other TCP �ows are dependent on their relative RTTs. Sine �ow R1-S1 will have a longer RTTthan the other �ows, it will get less bandwidth than them. However, the RTT dependene of TCP an also reateunfairness. If the �ows R3-S3 and R4-S4 are subjet to the same loss rate, the throughput of R3-S3 will be lowerthan that of R4-S4 sine R3-S4 have a larger RTT. So even though they onsume the same amount of onstrainedresoures (one �onnetion-hop�) they will not get the same resoures. In a proportional fairness model they wouldget the same throughput sine they onsume the same amount of onstrained resoures.
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