ECE/CS441: COMPUTER SYSTEMS ANALYSIS

Homework #2
Due Thursday September 20, 2007

The goals of this exercise arefor you to becane familiar with the mectancs of modeling using
MSbius and aralysis of systemsusing Faut Trees Completing this exercise will assist you in
completing the subsequent homework assignments and projects. This homework leads you
through the construction of a model for a reliable web server. The dedgn is divided into three
secions. First, you will analyze the reliakility of the web serverOsmemory subsystem using
metods learred in leciure and the M3bius tool. Second, you will analyze the web serverO<PU
subsystem, storage subsystem, and communications subsystem, aswell asthe ertire web server.
Ladly, you will optimizethe systemfor reliakility givenabudget and component costs.

Note: The MShius marual is agreatreference for this asignmert.
Basic System De<cription
The web server you will model consists of four subsystems memory, CPU, storage, ard
communicaton. The web server will function aslong as each subsystem is functioning. The
definition of OfunctioningQOis givenfor eachsubsystem below.
1. Memory Subsystem

The memory subsystem consists of one memay controller hub, chamels, and DIMMS. Each

hub can support up to two chamels, eachof which can support up to three DIMMS. An
examge of amaxmal controller-chamel-DIMM system is givenin Figure 1.

VEWWIO
VZnna
v LW

DDR2-400

channel A

Memory (3.2 GB/sec)

Controller
Hub = = =
= E_E
="="=
DDR2-400 channel B 11
(3.2 GB/sec)

Figure 1: A maximally loaded memory subsystem.

The subsystemis functioning if the controlleris functioning, one chamel is functioning, and a
DIMM on that chamel is functioning. In this system, all failures are independert of each
other.

From the MI L-HDBK-217 reference, we find the following failure ratesper hour:
DIMM: 4.13608 E-06

Chamel: 8.67 E-07

Memory Controller Hub: 4.433 E-09



2. CPU Subsystem
The CPU subsystem consists of one CPU controller,and up to 4 CPUs.

The CPU subsystem is functioning if it contains at leas 1 functioning CPU, and the CPU
controllerisfunctioning. All failuresareindependent, with the following ratesper hour:

CPU: 55 E-05
CPU Controller: 6.3 E -08

3. Storage Subsystem

The storage subsystem consists of hard drives chamels, arnd one hard drive controller. The
controller canfacilitate up to two chamels, eachof which cansupport up to 2 harddrives

The storage subsystemis functioning if the controller is functioning, the controller is atached
to 2 functioning chamels, and eachchamel is connecied to a functioning harddrive.

All failuresare independert, with the following ratesper hour:
Hard Drive Controller: 3.4 E-06
Chamel: 2.23 E-07
Hard Drive: 1.667 E-06
4. Communications Subsystem

The communicaions subsystem consists of one communicaions controller and one or two
network interfaces

The system is functioning if the controlleris functioning and at leas one network interfaceis
functioning.

All failuresareindependert, with the following ratesper hour:

Communicaions Controller: 4.5 E-08

Network Interface: 3.333 E-06
Homework | nstr uctions
Homework submission instructions are detailed at the erd of this documert. As a part of this
submission, you will be requiredto recad regponsesto the numberedparts that arein bold face
throughout this documert.
Part 1: Running MSbius

This will prepare you to begn work on the homework exercise.

1. To run M3bius from the commard line, type OmbiusO. You will be presrted with the

PrgectManager. ) . )
2. SekctORoject-> NewOfrom the meru. Namethe Prgect(ReliabdeWebSener.O

You arenow read/ to begn constructing models!



Part 2: M3bius Background

Below is a brief de<cription of the functionality of each componert presertedin the Prgect
Manager:

Atomic:  Used to de<scribe sub-models or ertire models. Each atomic model can be
repesernted in a different Gormalisn.O A Faut Tree is just one of the
formalisms.

Composed: Usedto connectand repdicate models.

Reward:  Used to specify what we want to measire about the system (availahility,
reliaklity, latercy, etc).

Study: Used to vary parameters of the system in order to study different system
configurations.
Solver: Used to solve models (atomic or composed) for certain measires (rewards),

either by simulation or state space gereraion.
Numerical: Usedto analyze models solvedby state space gereration.

Part 3: Using Fault Tr eesto Analyzethe Memory Subsystem

In this secion, we will aralyze the reliakility of the memay subsystem over one year (8760
hours). We will consider the minimal functioning memay subsystem, i.e., 1 memory hub
controller,1 chamel, and 1 DIMM.

Part 3a: Fadt TreeAnalysis by Hard

Q) On paper, draw the fault tree for the minimal functioning memory subsystem.
What is the unreliability of this system over 1 year? What is the reliability of
the system over 1 year?

Part 3b: Memory Subsystem Analysis Using MSbius

Create an Atomic Model

1. Sekctthe AAtomicObranch from the projecttree.

2. Push the ONewObutton; type in the name MinMemSub;Oand select the formalism you
wart to use, in thiscase a Falt Tree

3. Tocreat atop-level node, selectthe blue circle and left click on the parel ard give it the
nameMemStbFai.O

4. Create aneven to represent afailure of the memory controller by seleciing the red circle

and left clicking on the parel. Give it the name OCatrollerFalOwith the rate givenin

the de<cription. Make sureto setthe rate type to exponertial.

Repeatstep4 for the chamel (GChamelFailO)and the DIMM (IMMFail Q)

To represert the relationship between the three componert failures and the system

failure, selectthe appropriate logic gate and left click on the parel.

7. Connectthe threeevertsto the logic gate using the straight-line connection.

8. Connectthe logic gate to the node MemSbFail Qusing the straight-line connecion.

9. Pres OFie->Save(to save the model, and OFie->Close(to exit.

We now have a Faut Tree model represerting the minimum memay subsystem.



Note:

¥

¥

¥

MSbius is picky about the order when connecing everts, gates and nodes Evens
connectto gatesand gatesconnect to nodes

MSbius builds your models by gereraing C++ code and compiling it. Numeric values
that you enterin fields will be copieddirecty into a source code file. This mears thatan
expression such asO120will be interpreted asinteger division ard will be compiledinto
the value 0. Use 010/20instead In addition, sciertific notation canbe used, e.g., 1.34E-
08.

Everts canonly OfreConce. Thatis, anevert canhappenonce ard only once.

Crede a Performance Vari able
A performarcevariabe will enalde us to measire the reliakility of the memory subsystem.

1.
2.
3

7.

Sekctthe (RewardObranch from the projecttree

Push the ONewObutton. Name the reward structure OMinMemSubReward.O

When the O®lect Reward ChildOdialog box comesup, select the atomic or composed
model you would like to aralyze. In thiscase, it isthe OMnMemSubOatomic model.
Now, we needto creat a performance variall e to measure the subsystems reliahility. To
do this, type the name QeliakilityOasa variable name and press O\dd Variade.O
Sekctthe OfimeOtab. Since we are evaluating the 1-yearreliakility, we wart to evaluate
our performarce variade at one instance of time, the 1-yearmark. To do that, set the
OWpelto Olrstart of Time,Othe Number of Time PdntsOto 1, and the OSart TimeOto
8760.0.

Sekct the (Rake RewardsOtab. Here we place C/C++ code to evaluate the reward
measire we wart to amalyze. To compute the 1-yea reliaklity of the subsystem, we
needto determine if the subsystem hasfailed at the one-year point. (Note that reliaklity
is an interval of time meaare, but since there are no repairs in our model, we can
compute whether the system has failed at ANY POINT in the interval by looking at its
status at the end of the interval using aninstart of time meaaure) In the previous step,
we set the reward varialde to be evaluated after 1 year. In this step, we needto determine
if the systemis functioning or not whenthe reward is evaluated

Hint:
¥ The subsystemhasfailedif the high-level node in the Faut Treeis not 0.
¥ The (Rake RewardOcode should return avalue.
¥ The value of the high-level node in the Faut Tree can be obtained using the syntax
MinMemSub- >MemSubFai | - >Mar k( ), i.e., the model name followed by the
node name, followed by Mark () .
Ignore the other tabs for now. Press (File->SaweOto save the model, thenexit with OFie-
>Close.O

Note:

¥

A PV hasavalue of 0 by defaut.

Crede a Study

A study allows us to vary the global variadesin the model so that we can examine how
different configurations affect the system. Since we are not using global variadesin this
model, we will creae anempty study.



Sekctthe GudyObranch from the project tree.

Push the INewObutton. Selecta Rarge Study with the nameQvinMemSubStudy.O
When the OSedct Child StudyOdialog appears select the OMnMemSubRewardOchild.
If the dialog doesnot immedately pop up, left click on the parel.

4. Since our study hasno global variabes there is nothing left to do excep to save the
Study with OFie->Sawe,Oard exit with OFie->Close.O

wn e

Crede a State Space Generator

Now that we have described the model using the MSbius framework we are akle to solve the
model and our performance variabe. MShius supports two methods of solving a model:
aralytical solversand simulation. In this exercise, we will only use analytic solvers To use
them,we must first gererat a state spacethat a numerical solver canacess.

1. Sekctthe GBdverCbrarch from the projecttree

2. Pres the ONewO button. Sekct a State Space Gererator with the name
OMnMemSuhSSG.0

3. Whenthe O®lect Sdver ChildOdialog pops up, selectthe MinMemSubStudyOsinceit is
the study we would like to use.

4. Presthe CBtart State Space GereraionObutton. 8 Statesshould be gereraed.

5. Saw the Sdver with File->Save Oand exit with (File->Close.O

Crede a Numeri cal Sdver
Now that we have gererated a state space, we canfinally solve our model!

1. Sekctthe NumericalObranch from the projecttree.

2. Presthe ONewObutton. Selectthe Transiert Sdver and name it MinMemSwhTRS.O

3. When the OSetct Numerical ChildOdialog appears select the OMnMemShSSGOsince
it is the state space we would like to use.

4. Pres the OSbveO button. The resilts are stored in the Mbobiu sPro je ct /
Reli able WéSer ver/ Result /Min MemSubTRS/ directory.

Note:

¥ We used TRS (Trarsient Sdver) to solve this model since we warted to measre the
failuresat a specifi c time and not stead/ state.

(2i)  What isthe mean value of the O eliabilityOperfor mance vari able?
(2ii)  Doesit match your hand-calculated answer?
(2iii)  How many iterations did the analytic solver take?

Document the Model

As part of the homework submission procedure, we need to documert this model, which we
can do using the M3bius documerter. For the atomic model OMinMemSub,0 ard the
performarce variatle QMi nMemSbReward,Operform the following steps.

1. Openthe componert.

2. SekctOFie->Documert ModelOfrom the meru.

3. Sekectthe appropriate componert from the componert list.
4. Presthe MocumertObutton.

Note:



¥ Thedocumentation isstoredin the Mobiu sPro je ct /R el ia bl eWebServ er /
Document at io n/ <componernt_name>/ folder.

Part 4: Continued Analysisof the Minimal System
Part 4a: Analysis of the Other Minimal Subsystems
Congratulations on building and analyzing your first Fadt Tree in MSbius! Hopefully the
process of creatng Atomic models, Rewards, Studies Sdvers and Numerical Sdvers has
begun to make somesense.
In this section, we will aralyzethe reliakility of the remaning minimal subsystemsusing the
MSbius tool. Using the steps in Part3b, creat a model, performarce variade, study, state
spacegererator, and numerical solver for eachof the minimal functioning CPU, storage, and
communication subsystems You do not have to draw or calculate the rewards by hard.
However, plea® perform model documertation asyou did in Part3b.
(34,5 What isthe mean value of each performance vari able?
Part 4b: Analysis of the Entire System
We have amalyzed each of the web servers subsystems Now, we must piecetogether the
subsystemsso we canarnalyze the reliakility of the ertire web server. To do that, we use the
Composedtool in M3biusto link the subsystemstogether.

Crede a Composed Model

1. Sekctthe CComposedObranch from the project tree.

2. Presthe (NewObutton. Selectthe QRep/JoinOtype with name QMinSys.O

3. Sekctthe J(oin) button and left-click on the panel. Enterthe name OSgloin.O

4. Sekct the S(ub-model) button and left-click on the parel. Sekect the OMnMemShO
ertry fromthelist.

5. Repeatstep4 for eachof the CPU, storage, and communicaton sub-models.

6. Connectthe OSgJoinOcomponert to each sub-model.

Now, we needto creat a sharedvariabde betweenall of the sub-models. We do this by
edting the Join structure and telling it states from ead atomic model that should be joined
into one state.

7. Right click on the OSgJoinOnode and select CEdit.O

8. Sekct the (Creatt New Shared VariabeO button and type in the name
ONimFailedSubsystemsO

9. Each tab represeris one of the four sub-models. Sdect the CBubFailO state for each
subsystem, e.g., MemSubFail,0and O®USbFail.O

10. Sekctthe GDK Obutton, then save with OFie->Sawe,0and close with (File->Exit.O0

Now, we have effectively merged the top-level nodes of eachof the subsystem Faut Trees
As with the atomic models, documert the composed model.

Create a Performance Vari ablefor the Entire System
Now, we must creat a new performarce variabe for the reliakility of the ertire system. We



do this just asbefore, but now we select OMnSysOasthe child. We creae a reward named
OMnSysReward,Oand a OreilahilityOperformarce variable within it.

The valuesfor the OrimeOtab arethe sameasin Part3b. The code in the ORa RewardsOtab
is similar to that in Part 3b, exceg we now needto consider under what condition(s) the
ertire systemfails. As before, documert the performancevariabe.

Hint:

¥ The ONumFailedSubsystemgvariable represerts the number of failed subsystems

¥ We canacess the value of OmmFailed SubsystemOby accesing ary of the statesthat it
joins.

Crede a Study, State Space Generator, and Numeri cal Sdver

Using the same technique asbefore, create the study, state space generator, and numerical

solver. Sdve using the Transient Sdver.

(6i)) What isthe mean reliability for the Cbare bonesOweb server ?

Part 5: Credaing a More Reliable Web Server

Up to this point, we have modeled the minimal functioning web server. The problemis
thatit isnot veryreliabe.

The marketing departmert hasguaranteedthat our web server will be greater than.9 reliabe.
Your tak is to augmert the web server so that it mees that requiremen. However, your
solution should minimize cost. The web server must still abide by the specifications in the
SystemDegription. For example, it must still only have 1 memory controller.

Componerts in addition to the minimal confi guration cost the following:

DIMM: $200
Memory Chamel: $100
CPU: $200
Hard Drive: $200
Network Interface: $300

(7i)  What additional componentsdid you add?

(7ii)  What reliability were you ableto achieve?

(7iii)  What wasyour additional cost?

(7iv)  How many statesdid the state space generator geneaate?

Pleag document each new atomic model, composed model, and performarcevariabe.
Part 6: Submission Instructions
¥ Paper submission
0 Regonses to the numbered bold face problems contained within this

document. . )
0 Model documentation in the order below. Use the CDocument M odelOfeature



of M38bius, however, use this feature individually for each of the components
beow. That way, you can place them in the correct order. Also, you are
regponsible for making sure that all of the relevant information makesit onto
the paper that you submit. If something trails off the side of your print out,
then clearly write it on the documentation.
Atomic models from Parts 3 and 4a
Reward variabes from Parts 3 and 4a
Composed model from Part 4b
Reward structure from Part 4b
Atomic models from Part 5
Composed model from Part 5
. Reward structure from Part 5
¥ Electronic submission

o Atalatertime, you will be informedhow to electronically submit a cleaned and

archived copy of your MSbius project.

NoohwNR



