CS 5204: Operating Systems

HOMEWORK 4

Spring Semester 1998
KEY

Assigned: 2 April 1998


Due: 14 April 1998

Your answer to each problem should follow the page describing that problem and 

be stapled to the problem page.  The entire problem set should be clipped 

together in the proper order for submission.  Please submit your answers in typed form

with writing on one side of the page only.

  (10) 1.
Briefly explain how the Sprite File System is designed to provide efficient file search.  Be sure to include the role of caching (what is cached and where) in your explanation.


The Sprite File System (SFS) uses a single global directory, placing all file names in the system is a single name space.  This single hierarchical reference scheme is a collection of domains among several servers.  Each access utilizes a prefix table to locate domain structures and proceeds in a tree-type search.  Domain crossovers force the return of an absolute filename that is then entered into the prefix table for identification of a new server.  The recently accessed file blocks are stored in the primary memory cache at the client with vitrual address references.  Cache blocks can be accessed without resolving the physical addresses, which is quite efficient in access time.
(10) 2. Consider how the four objectives: consistency, availability, security and performance are related through design decisions in distribu-
ted file systems.  Develop a table to display the pair-wise relation-
ships as increase/increase (an increase in objective X leads to an increase in objective Y), increase/decrease, and increase/no change.  Briefly justify your table entries.

Relations Table
Availability
Consistency
Performance
Security

Availability
NA
I/D1
I/I2
I/D3

Consistency
X
NA
I/D4
I/N5

Performance
X
X
NA
I/D6

Security
X
X
X
NA


Legend:
Not Applicable

= NA



Increase/Decrease
= I/D



Increase/Increase
= I/I



Increase/No Change
= I/N



Superscripts refer to exaplanatory notes below.


Explanatory Notes:

C-A
1. The principal strategy for increasing both performance and avaiability  is replication.  

    Placing replicate files at additional sites throughout the network complicates the assurance 
    of consistency, since changes must be made in all copies as closely in time as possible.  
  
    Thus, improving availability tends to decrease the guarantee of consistency of data.

P-A
2. Since replication is the principal technique employed to increase both availability and 
  
    performance, both are increased when replication is used.  The only case where the two 
 
    could be contrary is when scheduled maintenance causes downtime reducing availability


    in order to imporve performance through software or hardware upgrades.  The effect,


    should be much less noticeable than that due to replication.

S-A
3. Added file replicates can compound security problems in that local and network security


    procedures might differ.  Do local procedures take prominence or do netwrk procedures


    assume the greater importance?  If both are supported; i.e. local access is according to


    local procedures and network, to network procedures, then two sets of policies and mecha-


    nisms have to be supported.  While the effect is not so great as with consistency, the


    tendency toward decreasing security with increasing availability is evident.

C-P
4. The inverse relationship between performance and consistency is explained partly in (1) 
  
    above.  Note also that the increased updating messages stemming from replication also


    exact a performance penalty by increasing consgestion and interfering with service of user


    messages.

C-S
5. No distinct relationship is evident between consistency and security.

S-P
6. The contrary influences of performance and security are well recognized.  Tighter, more


    exacting security procedures restrict and inhibit performance, and performance changes


    often have a negative impact on security procedures.

(10) 3.
Explain the use of a gap-free sequencer to maintain consistency in a distributed shared memory using the full-replication algorithm.  How many messages are passed between a set of six nodes seeking to modify data that are shared among ten nodes if we assume no errors occur in the sending and receiving functions? 



Each of the six nodes seeking to modify data that is shared will send its modification to a single site, designated the sequencer.  The sequencer will attach a sequence number to each modification and send it to each of the ten nodes sharing the data.  If messages are not received in the proper sequence, the node holds to see if the missing message(s) arrive(s), and if not, requests retransmission.  If no errors are encountered in the sequence received, then for each of the six modifications, that mod causes a message to be sent to each of the six nodes and the total number is 36.
(30) 4. The following is to be done for the M/M/1 queueing system.  

a.
State the assumptions necessary to derive the general solution.

1.
Pr{arrival of a job in (t, t+(t]} = ((t + o((t)

2.
Pr {service completion for a job in (t, t+(t]| job is in service at time t} = ((t+o((t) with (>0. 

Consequently Pr {no arrival in (t, t+(t]} = (1 - ((t + o((t)}

Pr {no service completion in (t, t+(t]} = (1 - ((t + o((t)}

3.
Queue is infinite

4.
Population of jobs is infinite

5.
No dependency on t for either arrival or job completion processes

6.
lim o((t) is much faster than (t

   (t(0
Let Pn(() =  Pr {no jobs in system at time (}

b.
Show the time-dependent solution equations for n=0 and for n>0.

For n=0, time dependant solution is
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p0(t+(t) = P0(t)(1-((t+o((t))+p1(t)(((t + o((t))

Lim (P0(t+(t)-P0(t))/(t = (P0(t)/(t = -(P0(t)+(P1(t)

For n>0, time dependant solution is

Pn(t+(t) = Pn-1(t)(((t+o((t))+Pn(t)(1-((t+o((t))(1-((t + o((t))+Pn+1(t)(((t + o((t))

[Pn(t+(t)-Pn(t)]/(t = (Pn-1(t) – ((+()Pn(t) + (Pn+1(t)

lim [Pn(t+(t)-Pn(t)]/(t = (Pn(t)/(t = (Pn-1(t) –

 (t(0




((+()Pn(t) + (Pn+1(t)

c.
Complete the solution for the steady-state values of the queue-length distribution.

Letting t((, gives steady-state values assuming (<(.

n=0
P1=((/()P0

n>0
Pn+1=[((+()/(]Pn – ((/()Pn-1

Then for n=1 and letting (=(/(

P2 = (P1+P1-((/()/P0 = (P1
for n=2 


P3 = (2P1+ (P1 - (P1 = (2P1
and by induction


Pn = (nP0    and using 
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then
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Thus, Pn = (n(1 - ()
[image: image11.wmf])

(

)

(

)

1

0

0

0

t

P

P

t

t

P

t

t

P

m

l

+

-

=

D

-

D

+

d.
Develop the probability generating function (pgf) for the queue-length distribution at steady state.
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e.
Use the pgf to determine the mean number in queue for a system with the arrival rate ()= 4 and the mean service time (1/) = 0.20 (dimensions are jobs per second and seconds per job respectively).




and with ( = 4/5 = 0.8




E{N} = lim P’(z) = 0.8/0.2 = 4





  z(1
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(15) 5.
Using the definitions of E{X} and Var{X}, where X is the random variable representing the number in the system (queue + service) and the solution for the queue-length distribution from above, develop the solutions for both E{X} and Var{X}.

Noting that 
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    providing that the sum converges absolutely in some interval.
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so E{x} = ((1 - () * {1/(1 - ()2} = (/(1-()
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and  
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Var{X} = E{X2} – E2{X}

thus

Var{X} = E{X(X-1)} + E{X} – E2(X)


[image: image7.wmf]2

2

2

2

2

2

2

2

)

1

(

)

1

(

)

1

(

2

)

1

(

1

)

1

(

2

}

{

r

r

r

r

r

r

r

r

r

r

r

r

r

-

=

-

-

-

+

=

-

-

-

+

-

=

X

Var



(25) 6.
Load distribution algorithms in the sender-initiated class experience instability with high demand (heavy system loading).  Develop the mathematical model to estimate at what system load 
the instability will be evident.  The probe limit is six (6), mean service time to complete a task is 1 second, and the overhead incurred in polling or to reply to a poll is 4.  [Hint: consider what happens under overload (instability) to probes and how many are sent.]


In the normal M/M/1 queuing model, the load stems from the arriving jobs only, and ( = (/( is the offered service load.  With sender-initiated algorithms, additional load is required to send messages in the attempt to effect a transfer and to handle responses to the probes.


Let 
( = arrival rate of tasks



(p = probe arrival rate

(p = (E{L p}PS 
Where E{ L p} = Expected number of probes


L p = Probe limit


PS = Pr{queuelength exceeds threshold at transferred location}

Now, the point of instability will be evident by


1) E{ L p} = L p  all probes fail to find a receiver


2) PS = 1, since the node will be a sender as will be all

Rate of incoming probes at node i is given by


(i = (n-1) (pi
with pi = Pr{choosing node I}
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which for a probe limit of 6 by organizing terms is 
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For a network of 40 nodes, say, we get

= 0.0285 + 0.0285 
= 0.571

= 0.0555 + 0.02777
= 0.0832

= 0.0270 +

= 0.1084

= 0.0263 +

= 0.1277

= 0.0256 +

= 0.1460
   ((i 
= 0.145(39)(






= 5.69(
The instability point will precede 1 because of the added work of transfers and handling responses from transfers.

So,


(i + (p + (r = 1 

    with (i = Normal message load
(p =Load from outgoing (transfer attempt) probes
(r = Load from responding to probes

Substituting, we get
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k gives the fractional utilization due to replying to a probe, sending a probe, or handling a receipt of a probe, which we state is 0.004.


   (/( 
=  1/(1 + 6(2)(0.004) + 5.69(2(0.004)))



=  1/1.0935



=  0.9145

� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���
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