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Explain briefly the equations for fp and fs. Draw a state space diagram for
this system, and note down all the transition rates.
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Program an event-driven simulator of this system. Your program should be
able to use any distribution for flow size, i.e. it should not be a simple Markov

chain simulator.
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0, max({c-nt¥*a,0)/float{ns) if ns>0 else 0)

def ra:écaptﬁ,aj: return lambda nt,ns: inin{flaa%icjfnt,a} if nt>0 else 0
def procshare(c): return lambda nt,ns: (flcat(c)/(nt+ns) if nt>d else 0, float(c)/(nt+ns) if ns>0 else 0)
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Test the correctness of your program by comparing its output

to theoretical results that yvou have been taught. _churﬁ these tests.

I ron {Wr \10\1{4\0{&4{"‘(‘/\4

> # Summary of how many observations there are in sach experiment
- Xtabs (~expt, data=df)

expt

procshare ratecap validatel walidate? walidate3 wvalidated
15 18% 15 15 15 15

> unique (df[,c('expt’, "lambdat’', "lambdas", "ft', "£5", "c', "a'} 1)

expt lambdat lambdas ft f£fs=s c a

1 validatel 0 30 -1.00 1 100 -1

le wvalidateZ 30 30 0.01 1 100 1

31 validate3 30 30 1.80 1 100 100

24¢ validated 30 30 1.80 1 100 85

v ' Y : i{; fHhere owe pe (—J_uy' fhen +he ;‘\W"W rvn me Prna:;m"b""*y‘
Test tha by seHivwg Xp =0

- # Validation 1: we sxpsct #sharesrs = rho/(l-rho), wait=fs/(C-lambdas*fs)
> meanci (dfSws [dfSexpt=="validatel'])

n lower mean upper | 2u Q&JJ
15:IiIJI_II_JI:ijI:VL.IJHIJLM L.IJHQLB? 0.01455212 A \ e inf ,10‘,(
= 1/ (100-30+1) moy n;ult— is ’

[1] 0.01428571 4—— weld” wiHwun Hae
cfralenie b

Voliolation 2 1 if enhon ane vory smad, ol hove bow peck rake, the
(howeny sheild e Veass cloy o valtoahm 1.

> # Validation 2: we expect a similar answer

meanci(df-;-ws[df-;_e:::l:_-t== validateZ']) c[‘ﬂ& h’ V lela/hovl 1/ /‘,Jl_ o
o __n ) _uw?r ) —mE'E_ll'-l ) Elp}_:-ez? A— VUU d
15.00000000 0.01435605 0.0147337¢ 0.0151114¢ l‘»I"HL bt [V,]A” oy e exfzcé‘

Nohdohm 3 i trbon hove o ke ap  AC rhen rhey do pure prcasssr Showring

> # Validation 3: we expect #takers = rho/(l-zrho), wait=ft/(c-lambda*ft)
> meanci (dfSwt [dffexpt=="'validate3"])
n lower mean upper
15.00000000 0.037358763 0.03%963870 0.0416797c
__.B,I[J.-JlJ—Bu»J_.B} thoo I’CI(\J“ b

[1] 0.03913043 k-/Nuu Wl” H\LLCM{-:[ P benved

lidesin iz topoy here o folly bih ok cop AU 10 hen T oo
{—a,b_dv CQMT(J,HM time SAW’J .‘c vpy ‘lﬂ)" h Vﬂl/l‘olduh'w ;

> # Validation 4: we sxpect a similar answer

= meanci(df-’?wt[df-’?_&‘xp =='walidated']) / wa cld’}gh VGA,‘JM 3
n lower mean upper . “"(tk .L"r M
15.00000000 0.03B74e32 0.04086723 0.042%3764 stf L /

oy We 'd E"rfc‘/
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Set Ap =30, As =30, fr =18, f, =1, C =100, A = 10. Use your simulator
to measure the mean completion time for the two classes of low. Then repeat
yvour simulations for a range of values of A, from 1 to 100. Plot your results.

Remember to include error bars.
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Also run a simulation in which the link runs true processor sharing, i.e. the

capacity is shared equally between all active Hows, with no rate caps. This
represents the status quo.

Ps nobed  eantron v bk Joe  procassor-SAMW9 nben T Use rha
kDWWIA/FM fw\chw\

def procshare(c): return lambda nt,ns: (fleat(c)/(nt4ns) if nt»0 els= 0, float(c)/(ntins) if ns»0 else 0)

Compute these quantities. How do they compare to your simulation results?

Noke flat Aaye fhe sf‘m/vvlmiw owmd e H\py 56\9\‘[4 7"@, -Q(qc'lL%. TL\@
(Mf[éUkJ owndlhav \IO«/{A‘O(G\I’I‘(M zrf* wy SI‘VVVV/Q/W"

> # Comparison of procshare sim with procshare theory. Should be ft/({c-lambda*f), £f£s/(c-lambda*f)
» meanci (dfSwt [dffexpt=='procshare']) R

n lower mean upper o |ed4em vt ﬁx Caboy AOY Yy
15.0000000 ©0.1020004 0.1124244 0.1228483 4a— 5 l ’ : 7 VW’\
> meanci (dfSws [dfSexpt=="procshare'])

1 2

n lower mean upper N . Wo
15.00000000 0.05670076 0.06177784 0.06685492 < 1wV ( wﬁlod Vé" SA : 7
= 1.8/ (l00-60%1.4) g
[1] 0.1125
> 1/(100-60%1.4) theoveticaf
- - \ N
[1] 0.0825 P’Wthd\/\ ’} ’\’,
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Draw a state space diagram for the number of active takers. Find the equi-
librinm distribution and the mean number of active takers ny. You may find
question 4 on example sheet 4 to be helpful. Assuming that there are always
exactly iy active takers, calculate the mean number of sharers. Show your the-
oretical predictions on the same graph that you used to show your simulation
results.

L R CE @U@/’@

min (< na
N T

Tho~s f)‘qud—fj the scenourte frow SLAQ4, ¢ we MJ% ’\ffb e
(aV\.CéV\S’M-'

(ﬁ_} Calenlate the equilibrium distribution =. Show that
~fmo(w0) if n < |af
" {m(ﬁ}l‘”ﬁw—m}“‘l“l ifn > |a]
where o« = C'fA is the multiplexing ratio, and |« is the floor of a, le. |a] < o <
(iii) }gﬂgrift algebra] Show that the mean number of active flows is

©

" " g — _1
e la) + o (led + 1)
where e = 1/E(pa, |a]), 9 = p/(1 — p), E(p,C) is the blocking probability for an
Erlang link with traffic load p and C circuits, and F(p, ') is the mean number of
active circuits on that Erlang link.

Nt Fr <
The FMM we g lhald U owe : T X = A
A A, ~ /
Heve s the code o covnpuhe rhag 7wﬁﬁq_.
erlang <- function{rhe,C) dpois(C,rho) /ppois(C, rho)
frlang <- function(rhc,C) rho*{l-erlang(rhc,C)}
gqiflows <- functicn({rho,alpha) {
e <- l/erlang(rho*alpha, flocr(alpha))
g <- rho/ (l-rho)

v._‘:.-'{e+:;r} ¥ frlang(rho*alpha,floor(alpha)) + g/ (e+tg) * (floor{alpha)+l/(l-rho})

I tdb Fae el I&ymlq from  pates $32.
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Repeat your experiment with a range of other parameter values. You should
pay particular attention to parameter values where the theoretical approxima-
tion suggests the system will be unstable. Explain why you chose the parameter

values vou did. You should include any extra observations or mathematical

analyses that shed light on your findings.

Thorve wer re o{'q_y(/\ZMJ Moy ’é(/‘tv;g Howenvay, stuolewh ity
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Sé—J(r, morks e odne omvowoled ‘é-,y ntise ress,  clarily, cbow exploanatirng,
jooo{ ,a(d'fS.

What does this model tell you about network neutrality? Is it a useful
contribution to the debate about pTorrent’s actions? If not, what are its major

shortcomings?
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# Load in some standard functions, and define some basic probability functions

inport time
i nport heapq
inport math
fromrandom i nport random
Inf = float('inf")
def rexp(lanbd):
"""Cenerate an exponential randomvariable with rate [anbd"""
if lambd==0: return Inf
u = randon()
return (-1.0/lanbd) * math.|og(u)
def mean(d):

"""Gven a dictionary of value,prob terms representing a distribution, find the nmean

return sun(k*v for k,v in d.iteritenms())

## Alink with two classes of user
#
# My code here is generic, not specifically about takers and sharers --

wan

# you pass the code a function called throughputFunction, which cal culates the throughput that

# users of each class will receive.

cl ass ProcShareLink:

"""A link shared between two cl asses of users, called A and B, which get throughputs (thA thB)=func(#A #B)"""

def __init__(self,throughputFunction):

sel f. throughput Function = throughput Function

sel f.waitingA = []

self.waitingB = []

sel f. wor kdoneperA = 0.0

sel f. wor kdoneperB = 0.0
def arrival A(sel f, fl owsi ze):

heapq. heappush(sel f. wai ti ngA, sel f.workdoneper A+f | owsi ze)
def arrival B(sel f, fl owsize):

heapq. heappush(sel f. wai tingB, sel f.workdoneper B+f | owsi ze)
def advancetinme(sel f, by, i sdeparture=Fal se):

nA, nB = | en(sel f.waitingA),|en(self.waitingB)

t hroughput A, t hr oughput B = sel f. t hroughput Functi on(nA, nB)

sel f. wor kdoneper A += t hr oughput A* by

sel f. wor kdoneper B += t hr oughput B*by

if isdeparture:

depB = nB>0 and (nA==0 or (self.waitingB[O0]-self.workdoneperB < self.waitingAl0]-self.workdoneperA))

if depB: heapq. heappop(sel f. waitingB)
el se: heapq. heappop(sel f.waitingA)
def tineuntilnextconpletion(self):
if len(self.waitingA)+l en(self.waitingB)==0: return Inf
nA, nB = | en(sel f.waitingA),|en(self.waitingB)
t hroughput A, t hroughput B = sel f. t hr oughput Functi on(nA, nB)

timetodepartA = (self.waitingAl0]-self.workdoneperA)/throughputA if throughput A>0 el se Inf
timetodepartB = (self.waitingB[O0]-self.workdoneperB)/throughputB if throughputB>0 el se Inf

return mn(tinetodepartA, ti metodepart B)

def runsin(lanbdaA, | anbdaB, fil esi zeA, fil esi zeB, t hr oughput Functi on):
I'ink = ProcShareLi nk(throughput Functi on)
def random nterarrival (): return rexp(lanbdaA+l anbdaB)
def random sB(): return randon() < (0.0+l ambdaB)/ (| anbdaA+l ambdaB)
def randonfilesizeA(): return rexp(1.0/filesizeA)
def randonfilesizeB(): return rexp(1.0/filesizeB)
#
sintinme = 0.0
nextarrival = sintime + random nterarrival ()
trace = [(0,0,0)] # store the trace as a list of (sintine,#A #B)
for i in range(10000):
nextdeparture = sintinme + link.tinmeuntilnextconpletion()
if nextarrival <nextdeparture:
i nk. advanceti me(nextarrival -sintinme)
if random sB(): link.arrival B(randonFil esi zeB())
el se: link.arrival A(randonfil esizeA())
sintinme = nextarrival
nextarrival = sintine + random nterarrival ()
el se:
i nk. advancet i me(nextdeparture-sintine, isdeparture=True)
sintine = nextdeparture
trace. append( (sintime,len(link.waitingA),len(link.waitingB)) )
#
# Find the fraction of tine spent at each | evel of #A and at each |evel of #B
# Return the nean #A and the nean #B
timeWthAat, timeWthBat = {},{}
tottime = trace[-1][0]
t,nA nB = trace[0]
for t2,nA2,nB2 in trace[1:]:

timeWthAat[nA] = (t2-t)/tottime + (timeWthAat[nA] if nAin timeWthAat else 0)
timeWthBat[nB] = (t2-t)/tottime + (timeWthBat[nB] if nB in timeWthBat else 0)

t,nA nB = t2,nA2, nB2

return sun(k*v for k,v in tineWthAat.iteritens()), sun(k*v for k,v in tineWthBat.iteritens())

## Now we specialize to takers and sharers, with the throughput function specified in the coursework.

# The command ratecap(c,a) returns a function f, where f(nt,ns) is the throughput that takers and sharers
# get respectively when there are nt takers and ns sharers. For exanple, ratecap(100,10) (4, 10)=(10,6)

# (In Python, the | anbda command defines an anonynous function.)

def ratecap(c,a): return lanbda nt,ns: (mn(float(c)/nt,a) if nt>0 else 0, max(c-nt*a,0)/float(ns) if ns>0 el se 0)
def procshare(c): return lanbda nt,ns: (float(c)/(nt+ns) if nt>0 else 0, float(c)/(nt+ns) if ns>0 else 0)

# Validation 1: no takers, so sharers should be pure processor sharing

resl = [("validatel",0,30,-1,1,100,-1, runsin(0,30,-1,1,ratecap(100,1))) for r in range(15)]

# Validation 2: very snmall takers, so sharers should be nearly pure processor sharing
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res2 = [("validate2", 30,30,.01,1,100,1, runsin(30,30,.01,1,ratecap(100,1))) for r in range(15)]

# Validation 3: large rate cap for the takers, so they should be pure processor sharing

res3 = [("validate3", 30, 30, 1. 8, 1, 100, 100, runsin(30, 30, 1.8, 1, ratecap(100, 100))) for r in range(15)]

# Validation 4: pretty large rate cap for the takers, so they should be nearly pure processor sharing
res4 = [("validate4", 30,30, 1.8,1,100,95, runsin(30,30,1.8,1,ratecap(100,95))) for r in range(15)]

# Main experinment: 15 runs at a range of values of a, for |anbdat=30,|anbdas=30, ft=1.8, fs=1, c=100

res5 = [("ratecap", 30,30, 1.8, 1,100,a, runsim30,30,1.8,1,ratecap(100,a))) for a in range(1,100,8) for r in range(15)]
# Test of pure proc sharing

res6é = [("procshare", 30, 30, 1. 8, 1,100, -1, runsin(30, 30, 1.8, 1, procshare(100))) for r in range(15)]

allres = [resl,res2,res3,res4,resb5, res6]
# Wite it all out to alog, to load into R for plotting
f = open('cw2-out.csv','w'
print >>f, "expt,|anbdat,|anbdas,ft,fs,c,a, nt,ns'
for r in allres:

for expt,lanbdat, | anbdas, ft,fs,c,a,(nt,ns) inr:

print >>f, ' " join([str(x) for x in [expt,|anbdat,|anbdas,ft,fs,c,a,nt,ns]])

f.close()

## R code for plotting & analysis

# Load in a library with plotting routines, and set graphics style
library(djwitils)

gp <- col.whitebg()

gp$super pose. | i ne$col <- c('black', 'black', 'red ,'red")

gp$super pose. line$lwd <- ¢(2,2,1,1)

gp$superpose. line$lty <- c(1,2)

gp$super pose. synbol $pch <- c(0, 19)

gp$super pose. synbol $col <- c('black', ' black','red" ,'red")

gp$super pose. synbol $cex <- 1.5

trellis.par.set(gp)

# load the data

df <- read.csv('cw2-out.csv')
df $wt <- df $nt/ df $| anbdat

df $ws <- df $ns/ df $l anbdas

# a utility function, to show nean and confidence interval

meanci <- function(x) c(n=length(x),
| ower =mean(x) - 1. 96*sd(x)/sqrt (l ength(x)-1),
mean=nmean(x),
upper =mean( x) +1. 96*sd(x)/sqrt (I ength(x)-1))

# Summary of how many observations there are in each experinent, to rem nd ourself
xt abs(~expt, data=df)
uni que(df[,c('expt','lanmbdat','lanbdas', ' ft',"'fs',"'c',"a)])

# Validation 1: we expect #sharers = rho/ (1-rho), wait=fs/(C-|anbdas*fs)
neanci (df $ws[ df $expt =="val i datel'])
1/ (100- 30* 1)

# Validation 2: we expect a simlar answer
neanci (df $ws[ df $expt =="val i date2'])

# Validation 3: we expect #takers = rho/(1-rho), wait=ft/(c-lanmbda*ft)
nmeanci (df $wt [ df $expt =="val i date3'])
1.8/(100-30*1.8)

# Validation 4: we expect a simlar answer
neanci (df $wt [ df $expt =="val i dated'])

# Plot of main experinental outcone

bwpl ot 2(wt +ws~a, dat a=df, subset=expt=='ratecap',
err=.95,type="b', ylimec(0,0.3), panel=function(...) { panel.abline(h=c(0,.1,.2),col="grey75"); panel.bwlot2(...) },
aut 0. key=TRUE)

# Conparison of procshare simw th procshare theory. Should be ft/(c-1anbda*f), fs/(c-lanbda*f)
neanci (df $wt [ df $expt ==' procshare'])

neanci (df $ws[ df $expt ==' procshare'])

1.8/ (100- 60*1. 4)

1/ (100- 60* 1. 4)

# Conparison of ratecap simw th ratecap theory.
erlang <- function(rho, C) dpois(C, rho)/ppois(C,rho)
frlang <- function(rho,C rho*(1-erlang(rho,Q))
q4flows <- function(rho, al pha)
e <- 1/erlang(rho*al pha, fl oor (al pha))
g <- rho/(1-rho)
e/ (e+g) * frlang(rho*al pha, floor(al pha)) + g/(e+g) * (floor(al pha)+1/(1-rho))

}
dfrc <- df[df $expt=="ratecap',]
df rc$nt Theory <- q4fl ows(dfrc$l anbdat *df rc$ft/ df rc$c, df rc$e/ df r c$a)
df rc$nsTheory <- df rc$l anbdas*df rc$fs/ (df rc$c-df rc$nt Theor y*df r c$a- df r c$l anbdas* df rc$f s)
df rc$nsTheory[ df rc$nsTheory<0] <- NA
#

bwpl ot 2( nt +ns+nt Theor y+nsTheory~a, data=dfrc,
err="none', type='1", ylimec(0, 10),
aut 0. key=li st (1 i nes=TRUE, poi nt s=FALSE) )

# Conparison of status quo to ratecap schene
bwpl ot 2(wt +ws~a, dat a=df, subset=expt=='ratecap',
err='"none',type='b', ylimec(0,.3), xlinrc(0,50),
panel =function(...)
panel . abl i ne( h=1/ (100-60*1.4),col =" red', | ty=2, | wd=1
panel . abl i ne( h=1. 8/ (100-60*1.4),col ="red',lty=1, | wd
panel . bwpl ot 2(...) },
aut 0. key=TRUE)

) # sharers
=1) # takers
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