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Appendix A: Design Parameters and Model Components

Design Environment: MCSS Architecture (Section 2)
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Figure A1: Mobile Computing System Architecture

Figure Al shows a conceptual view of the physical infrastructure of a mobile computing system and its

inter-connection with a fixed network. When a mobile user accesses an organizational network, the

requests are sent either to a base station through the wireless network, or directly to a MCSS through the

public switch telephone network (PSTN). The base station transfers the requests through a MCSS to fixed

network links. The MCSS authenticates user requests and forwards those to specified business

components.



Design Variables and Parameters (Section 2.2)

Table Al: DSDP Design Parameters

User Architecture (U)

S: set of data sources/databases; se S

B: set of business components; beB

G: user groups in enterprise; geG

Qg = number of queries/hour/user of group g to b
Uy, = number of updates/hour/user of group g to b
S? = average size of query request (in kB)

S* = average size of update request (in kB)

Business Component Architecture (B)

B: set of business components; beB

OR,,;: number of queries/hour from b to s

UR,,. number of updates/hour from 5 to s

Fzc: component operation and maintenance cost
K: remote communications cost/kB

Data Architecture (D)

S: set of data sources/databases; se S

OLys = ORyx 872 query load from b to s

ULy, = URyx 8" : update load from b to s

P, = 1if b accesses s, 0 otherwise

Q.= 1if d contains at least one data set, 0 o/w
Fpp: data set operation and maintenance cost
K: remote communications cost/kB

Network Infrastructure (N)

Mobile Network Design Parameters:

M: geographical locations/sites of mobile users;
meM

N: total number of mobile users; neN

N,,- number of mobile users in site m

Pr(l,m): probability of a user moving from site / to

m; ImeM, [ #m.
Pr(m) : steady state probability of a mobile user
being in site m

R,.: processing capacity of MCSS in site m

C;.: fixed cost of connecting site / to m.

F, = f* R, overall cost to install and maintain a
MCSS in site m, expressed as a linear function
of R,.

S°: average message size from client user (Kb)

S°: average message size sent back by server (Kb)

H: average number of messages a mobile user
sends per hour

Pr(s). probability of sending a request to database
servers; se S

Table A2: DSDP Decision Variables

User Architecture (U)
D: set of domains; deD
ugq. # users of group g in domain d

Business Component Architecture (B)
xpq = 1 if copy of b is allocated to d, 0 otherwise

Data Architecture (D)
s = 1 if copy of s is allocated to d, O otherwise

Network Infrastructure (N)

Fixed Network Decision Variables:

V.
V).
V3.
Vy.
Vs.
Vg

server processing speeds

input/output rates for multimedia systems
network bandwidth

network protocol

transaction processing model

distributed transaction processing coordination
model

Mobile Network Decision Variables:

Pm
qim

=1 if one MCSS is assigned to m, 0 otherwise
= 1if [ is connected to m, O otherwise (g, defined
as 0 for / = m)




Domain Formation: Sub-Problem DF (Section 3.1)
First consider ART. Query rate over B in domain d is given by ZZng”gd . Similarly, update

beB geG
rate is ZZUghugd' Total Query Load (TOL,) on s in d is TOL,, = ZZngugdesS" and Total
beB geG beB geG

Update Load (TUL,,) = ZZU g,,ugdB,SS“ . Hence average total load on a database is given by (TOL,, +

beB geG
TUL,,;). We assume that a database copy resides on a dedicated server, whose processing capacity (Pc.p)
is defined as average kB processed per millisecond. Hence average response time from each s in d
(assuming negligible transmission delay) is given by
ARTyy = (TQLy, + TUL,,)/(3600000*Pc4p),

expressed in ms. Hence, average response time in d is ART, = ZAR];/|S| , where s e all S present in d
S

and ART = > ART, /|D|.

deD
Next we define APU. Average utilization for dataset s in d is 4PUy, = ((TOLy +
TUL,;)*3600)/Pc,p. Average utilization for component b in d is APU,; = ((TOLyy + TULyz)*3600)/P’cp,

where P’c,» is the processing capacity of a component host (server). Hence average utilization in d is

> APUy, /|S|+ZAPUbd /|B|
(PU) == :

> ,s € Spresentind, b € Bpresentind.

Hence APU is given by ZAPUd/|D|.

deD

Finally, CRAM,; = > F,,xy,+ > Fy- xx,,. Assuming each copy of each data set and
beB

seS
component is present in each domain,

CRAM,. = |D|x[[S| % Fyy +|B|x F. ] and CRAM = Y. CRAM,, JCRAM .
deD

Resource Allocation: Sub-Problem RA (Section 3.2)

¢ DLB measures overall domain load balance, and is defined as the ratio of total processing load to



> (OLbs +UL)

number of domains that contain at least one data set, and is <=5-<8 .

2,0

deD
¢ MDC identifies the domain that has the maximum component load, which affects system utilization

Agx{Z[z Dtz Ughj xxbd}

beB\ deDgeG

z[zzugdxygb] |

beB\ deDgeG

¢ CLB aims to balance query and update load among all data servers, which determines latency,

and latency, and is given by

utilization and resource distribution, and is expressed as

.

¢ TC measures operation and maintenance cost (OMC) and remote communication cost (RCC). OMC

ZZ(QLbs + ULbs)(ysdl)— ZZ(QLbs + ULbs)(ysdz*}, A d] z dg, d],dg e D.

beB seS§ beB seS

equals Z{Z(xbd X Fye )+ D (0 % Fpg )} : and RCC equals

deD \ beB seS

ZHZZ(QL;,S + ULbs L~ xpa ysd)} x K} . Hence, TC = OMC + RCC.

deD| (beBseS

¢ NL indicates fixed costs to set up network access links of appropriate bandwidth connecting

locations, and is given by Z{ZZ(QLM + ULss 1 — xva ysd):| :

deD| beBseS

Investigating Properties of Objective Function Zga of Sub-Problem RA:

Zrp = (DLBXW,; + MDCxW, + CLBxW; + TCxW,+ NL xW5)

DLB can be rewritten as c/ 2.Qa, where c is the constant term ZZ(QLbS +ULbS). Hence

deD seS beB

DLB is convex. MDC is convex t0o: Z(z ZUngUng: a (say) is constant for a given system.

beB\ deDgeG



Hence axx,, is linear, and convex. Hence Max[axxbd] is convex. CLB, on the other hand, is the
deD

difference between two linear terms, as can be seen by inspection, which is not necessarily convex. For
TC, OMC is convex, as it is a sum of two linear functions. However RCC is a nonlinear function of x and
y, since it includes a product of two decision variables and is non-separable. Even assuming the variables
are continuous, applying second order conditions determines that RCC is not convex. Hence TC is not
convex. For similar reasons, NL is not convex. Hence the overall objective function (3.2) is non-convex

in general.

Domain Formation: Sub-Problem MDF (Section 3.3)

MCSS installation and maintenance cost equals Z(pm x F ). Assuming symmetric connection
meM

. . . . 1
cost (without loss of generality), wireless and PSTN connection costs are —2 qum xC,, . The average
leM meM

number of mobile users connected to the MCSS in m is Z(q,m x N, ). Hence, average message load
leM

from mobile users on the MCSS in m is Z(%m x N, x H xS°). The average number of messages
leM

received by database server s is g, = N xH xPr(s). If each mobile user request triggers one response from

s, average number of messages from s to MCSS in m is g, = g, ¥ Z(%m x Pr(l)). Therefore, average
leM
message loads from server s to MCSS in m is g, % S°. Hence average message load from all servers to

MCSSinm is ng x §* . Hence total message load for MCSS in m is

seS

™ML, = Z(qlm XN, xHxS)+ ngm x S°

leM seS

Configuration Selection: Sub-Problem MND (Section 4.2)

A low security protocol requires a MU to be authenticated and authorized only once during each session,
while a high security protocol requires authentication and authorization for each request. Figure A2

illustrates a low security routing process, where authentication occurs only at the MCSS level. Figure A3



shows a medium security level protocol, which requires a MU to be verified by the security server once

during a session in addition to authentication at the MCSS. A high security level protocol is shown in

Figure A4, where each request sent by the MU is authenticated at the MCSS and the security server.

o

Figure A2: Low security level request routing protocol
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Figure A3: Medium security level routing protocol
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Figure A4: High security level routing protocol



Appendix B: Algorithms

Sub-problem DF: Variable-Domain Perturbation Algorithm

Step 0. Start with domain d = 1.

Step 1. For each d, perform the following:

Step 2. If d > D, STOP. Else, calculate Zpr.

Step 3. Determine a point L in d that is currently farthest from d’s centroid. If there is no more point
remaining in that domain, set d <~ d + 1, and go to Step 2. Else, go to Step 4.

Step 4. Determine the next closest domain centroid ;.

Step 5. Allocate L to j determined in Step 4.

Step 6. Recalculate Zp.

Step 7. If Zpe improves, allocate L to 7, and recalculate centroids. Go to Step 3. Else go to Step 8.

Step 8. If Zpr worsens, undo Step 5. Repeat Step 4 to find the next best domain j “available, if any. If any
j’is available, redo Step 5 to 7 with ;7 If no j“is available, form a new domain with L as the sole
member in that domain, and perform Step 6. If estimators improve, go to Step 7, else go to Step 3.

Sub-problem MDF: MCSS Domain-Creation Algorithm
Input: M, N, N, Pave, k.
Step 1. Sort locations m in descending order of number of mobile users (7,,).
Step 2. Take first k locations to form MCSS domains.
Step 3. Assign each successive non-MCSS location to domain with minimum number of mobile users.
Step 4. For each domain, DO {
For each location within domain, calculate cost if it is designated as MCSS location. Choose location
with minimum cost as MCSS location.}
STOP and go to MCSS location perturbation algorithm.
Output: Initial PMDF and ZMDE-

Sub-problem MDF: Tabu Search Meta-Heuristic
Let M denote the set of MCSS locations and N denote the set of non-MCSS locations. Let s; denote a
location, which can either be a MCSS location or a non-MCSS location. For MCSS location perturbation
algorithm, let <s;, s> denote a move of exchange in which s; is dropped out of a set it belongs to and s; is
added to the set. The candidate list includes all <s;, s;> such that s; € M and s; € N. If an admissible <s;,
s;> results in a better solution than the incumbent solution, any move trying to drop s; out of M is a tabu
unless at least one of aspiration criteria is satisfied or the tabu length expires. If a move <s;, s,> is marked
as a tabu but produces a solution better than currently best-known solution, the aspiration criteria is
satisfied and its tabu status is disregarded and the move is executed. For mobile domain reconfiguration

algorithm, let m; denote a MCSS domain (m; € M) and n; denote a non-MCSS location (n; € N). Let (n;,



m;) denote the non-MCSS location »; located in m; MCSS domain. For a given m;, the candidate list
includes only those #; that lie in the remote MCSS domain my, such that i # &. The move is a “single”
move, i.e., each move only places a single n; from my to m;. If moving a non-MCSS location #; from
MCSS domain my; to m; results in better solution the incumbent solution, n; becomes a tabu. The
assignment (n;, m;) is marked as (n;, m;)¢, signifying that a tabu move cannot enter solution space during
the tabu length. If a tabu move results in a better solution than the best-known solution from MCSS

location perturbation algorithm, then its tabu status becomes inactive.

Sub-problem MDF: MCSS Location Perturbation Algorithm
Input: Output from MCSS domain creation algorithm; range of p,,,; Control: iter (actual number of
iterations); iter max (maximum number of iterations); tabul (tabu list); len (length of tabu list); len,,;,
(minimum length of tabu list); len,,.. (maximum length of tabu list).

Initialize: iter < Q; tabul < { }; len < len,,;,; Cy. ( oSt of best known solution) < initial Zypr from

MCSS domain creation algorithm; C;,. (Cost of incumbent solution for current move) < initial Zypr from

MCSS domain creation algorithm; {M*} < set of MCSS locations.

Do {

Step 1. Form candidate list (CL) from current best domain configuration.

Step 2. Let (g, k) denote a move for a non-MCSS location ¢ to be reassigned to domain .

Step 3. Call mobile domain reconfiguration algorithm to compute Zypr for new set C.(g, k). if C.(q, k) >
Cine, 9O tO Step 6.

Step 4. 1T ¢ NOT in tabul, go to step 7.

Step 5. Check aspiration condition. If C.(g, k) < Cy., g0 to step 7.

Step 6. Set len €& len + 1. If len > len,,,,, et len € len,,,. GO to step 8.

Step 7. Set Ci,. € C.(q, k); save incumbent configuration; go to step 6.

Step 8. If CL = {}, gotostep 2.

Step 9. It Cy,. < Cp, et Cp & Ciye; SaVe configuration. Update tabul to include g. iter = iter + 1.}

While (iter < iter max)

Output: OMDF-

Sub-problem MDF: Mobile Domain Reconfiguration Algorithm
Input: Output from MCSS location perturbation algorithm; Cy.. Control: iter2; iter max2; tabu2 (tabu
list); len2 (length of tabu list); len2,,, (minimum length of tabu list); len2,... (maximum length of tabu
list).

Initialize: iter2 €< 0; tabu2 < { }; len2 € len2,,;,; Che aioc (Cost of incumbent solution in this algorithm)
< very large number

Step 1. Sort locations m in descending order of number of mobile users (n,,).

Step 2. Assign each non-MCSS location successively to domain with minimum number of mobile users.

CO”{‘F)Ute Zvor- 1T Zyor < Coe_atioer Che_atioc € Znpr.

Do



Step 1. Create neighborhood of current best configuration as candidate list (CL) of moves.

Step 2. Let (s, t) denote a move for a non-MCSS location s to be reassigned to domain z. Compute
resulting total cost C(s, ¢). Add penalty cost for infeasible solution, i.e. processing constraints
violated. If C(s, £)= Chc aitoc, 90 t0 Step 8.

Step 3. 1f s NOT in tabu2, go to Step 7.

Step 4. 1T C(s, t) > Cp,, go to Step 8.

Step 5. Reassign s to domain ¢; update tabu? to include s; set Cye aioe € C(s, t); Go to Step 9.

Step 6. len2 & len2 + 1; If len2 > len2,,,, then len2 < len2,;,

Step 7. 1fCL={}, goto Step 4.

Step 8. iter2 & iter2 +1. Goto Step 1. }

While (iter2 < iter_max2)

Go to MCSS location perturbation algorithm with chosen best admissible move.

Sub-problems ND and MND: Iterative Simulation Modeling and Analysis Algorithm
Input: Previous sub-problem configurations (ppr and gra for sub-problem ND, ¢pr, gra, @mor @aNd onp
for sub-problem MND); Control: ITER (total number of iterations).

Setr=1.

Simulation and Learning Model:

1. Identify input parameters for respective sub-problem to be solved. Perform pilot simulations to
determine significant parameters for detailed investigation (X; through ;). Parameter identified as
significant if a unit change produces at least 10% change in an output measure.

. Determine factorial simulation experimental design based on number of significant parameters.

3. Determine number of replications needed for a given precision and confidence level (precision of 0.25

for ND and 0.15 for MND here, 90% confidence level) (see Law and Kelton 2000)

4. Initialize and run replications for each design point with appropriate warm up time for system to reach
steady state. Each replication is run for 86,400 s of simulation time. Tabulate objective (output)
measures z1 through z,, where # is the number of measures.

5. Estimate general linear model for each measure z; through z,. Determine significant parameters and
related coefficients of main and interaction effects (at 90% confidence level).

6. Choose initial solution configuration: using the sets of output measures from all experimental design
points, create a locally non-dominated solution pool and choose one solution from this solution pool.

Decision Support for System Configuration:

7. Use general linear model to perturb parameters and identify promising configurations for detailed
simulation analysis.

8. Simulate each configuration with above determined number of replications. Refine general linear
model using updated data from simulations.

9. Determine locally non-dominated solution pool for configurations simulated in step 8. Calculate
percentage improvement of each output measure compared to initial solution identified in step 6 (or
current solution if ¢ > 1). Choose configuration that produces the highest positive additive percentage
improvement. If no configuration produces a positive additive percentage improvement, STOP. If t >
ITER, EXIT.

10. Update 7 < ¢ + 1. Go to Step 7.

Output: Design configuration.

N




