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Abstract

We consider the problem of how to design resource allocation policies that both
provide good performance at predicted environmental conditions and are robust
against changes or misprediction of the environmental conditions. We evaluate
various common threshold-based allocation policies within a simple model, where
there is a clear tradeoff between the (conflicting) goals of good performance and
robustness. We then propose and evaluate a new threshold-based policy, ADT
(adaptive dual thresholds), that achieves both the desired goals.

1 In tro duction

A commonproblem in computer and communication systemsis decidinghow to allocate
resources(e.g. CPU time and bandwidth) among jobs. A good (resource) allocation
policy that maximizessystemperformance,e.g.with respect to meanresponsetime and
throughput, often hasparametersthat needto be tuned to achieve the bestperformance.
Sincethe optimal settings of the parameterstypically depend on environmental condi-
tions such as systemloads,an allocation policy whoseparametersare chosento achieve
the best performancein a certain environment can provide poor performancewhen the
environment changesor when the prediction of the environment was wrong.

The objective of this paper is to designand study characteristicsof variousallocation
policiesin a simplemodel, wherethere is a clear tradeo� betweengood performanceand
robustnessagainst changesand misprediction in loads. The study in this simple model
provides lessonsthat are useful in designingallocation policiesin morecomplexsystems.

Our model consistsof two serversand two queues,as shown in Figure 1. Jobsarrive
at queue1 and queue2 accordingto Poissonprocesseswith rates � 1 and � 2, respectively.
Jobs have exponentially distributed servicedemands;however, the running time of a
job may also depend on the a�nit y between the particular server and the particular
queue.Hence,we assumethat server 1 processesjobs in queue1 (type 1 jobs) with rate
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Grant-0313148,and by IBM via 2003Pittsburgh Digital GreenhouseGrant.
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Figure 1: A two server model.

� 1 (jobs/sec), while server 2 can processtype 1 jobs with rate � 12 (jobs/sec) and can
processjobs in queue2 (type 2 jobs) with rate � 2 (jobs/sec). We de�ne � 1 = � 1=� 1,
� 2 = � 2=� 2, and �̂ 1 = � 1=(� 1 + � 12(1 � � 2)). Note that � 2 < 1 and �̂ 1 < 1 are necessary
for the queuesto be stableunder any allocation policy, sincethe maximum rate at which
type 1 jobs can be processedis � 1, from server 1, plus � 12(1 � � 2), from server 2.

In this paper, we design and evaluate allocation policies in the model in Figure 1
with respect to two objectives. First, we seekto minimize the weighted averagemean
response time, c1p1E[R1] + c2p2E[R2], where ci is the weight (importance) of type i
jobs, pi = � i =(� 1 + � 2) is the fraction of type i jobs, and E[Ri ] is the mean response
time1 of type i jobs, for i = 1; 2. Second,we want our policy to be robust against
misprediction and changesin loads, � 1 and � 2. In this paper, we focus on threshold-
basedallocation policies, sincetheseare commonand natural in our model. Note that
the optimal allocation policy is not known in our model, despitethe fact that it hasbeen
investigatedin numerouspapers [1, 3, 4, 5, 7, 8] (seealso referencesin [6]).

We start, in Section 2, by considering two common allocation policies. The �rst
policy (T1 policy) placesa threshold, T1, on queue1, whereby server 2 serves type 1
jobs only when the length of queue1 exceedsT1 (or serve 2 is idle). The secondpolicy
(T2 policy) placesa threshold, T2, on queue2, whereby server 2 servestype 1 jobs only
when the length of queue2 is belowT2. Only coarseapproximations exist for analyzing
responsetime under the T1 and T2 policies. Hence,we introducea near-exactanalysis
technique in [6], which is alsoapplicableto all the allocation policiesthat we investigate
in this paper. Our analysis demonstratesa tradeo� between good performance(low
responsetime) at predicted load and robustnessacrossloads in the T1 and T2 policies.
This tradeo� motivates us, in Section 3, to introduce two new allocation policies (the
T1T2 policy and the ADT policy), both of which are basedon the idea of using multiple
thresholds. While thesetwo new allocation policiesappear similar in their de�nition, it
turns out that their characteristics are very di�eren t. In particular, we show that the
ADT policy is able to achieve both good performanceat predicted load and robustness.

2 Evaluating simple threshold-based policies

2.1 T1 and T2 policies

The T1 policy is motivated by someshortcomingsof the c� rule [2]. Recall that the c�
rule biasesin favor of jobs with high c (high importance) and high � (small expected

1Here responsetime refers to the total time from when a job is requesteduntil the job is completed
{ this includes queueingtime and servicetime.
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Figure 2: Figures showwhether server 2 works on jobs from queue1 or queue2 as a
function of N1 and N2, under (a) the T1 policy and (b) the T2 policy.

size). Applying the c� rule to our setting translates to letting a server processjobs from
the nonempty queuewith the highest c� value. Under the c� rule, server 2 serves type
1 jobs (rather than type 2 jobs) if c1� 12 > c2� 2, or queue2 is empty. The c� rule is
provably optimal when server 1 doesnot exist [2]. However Squillante et. al. [7] as well
asHarrison [4] have shown that c� rule may lead to instabilit y even if �̂ 1 < 1 and � 2 < 1.
For example,the c� rule may forceserver 2 to processtype 1 jobs even when many jobs
arebuilt up at queue2, leadingto instabilit y in queue2 and under-utilization of server 1.

Squillante et. al. [7] and Williams [8] have independently proposeda threshold-based
policy that, under the right choice of threshold value, improves upon the c� rule and
guaranteesstabilit y whenever �̂ 1 < 1 and � 2 < 1. We refer to this threshold-basedpolicy
as the T1 policy, sinceit placesa threshold value, T1, on queue1, so that server 2 only
processestype 1 jobs when there are at least T1 jobs of type 1, or if queue2 is empty.
The rest of the time server 2 works on type 2 jobs. The motivation behind placing the
thresholdon queue1 is that it \reserves"a certain amount of work for server 1, preventing
server 1 from being under-utilized and server 2 from being overloaded.More formally,

De�nition 1 Let N1 (respectively, N2) denote the number of jobs at queue1 (respec-
tively, queue2). The T1 policy with parameter T1 is characterized by the following set of
rules, all of which are enforced preemptively (preemptive-resume):

� Server1 servesonly its own jobs.

� Server 2 servesjobs from queue1 if either (i) N1 � T1 or (ii) N2 = 0 & N1 � 2.
Otherwise,server 2 servesjobs from queue2.2

Figure 2(a) shows the jobs processedby server 2 asa function of N1 and N2 under the T1
policy. Note that the T1 policy with T1 = 1 is the sameasthe c� rule whenc1� 12 > c2� 2,
and the T1 policy with T1 = 1 is the sameas the c� rule when c1� 12 < c2� 2. Bell and
Williams prove the optimalit y of the T1 policy for a model closelyrelated to ours in the
heavy tra�c limit, where �̂ 1 and � 2 are closeto 1 from below [1]. In the T1 policy, the
higher T1 valuesyield the larger stabilit y region, and in the limit of T1 = 1 , the queues
under the T1 policy are stable as long as �̂ 1 < 1 and � 2 < 1. More formally, we prove
the following theorem in [6]:

2To achieve maximal e�ciency , we assumethe following exceptions. When N1 = 1 and N2 = 0, the
job is processedby server 2 if and only if � 1 < � 12. Also, when T1 = 1 and N1 = 1, the job in queue1
is processedby server 2 if and only if � 1 < � 12 regardlessof the number of type 2 jobs.



Theorem 1 Under the T1 policy with parameter T1 < 1 , queue1 is stableif and only
if � 1 < � 1 + � 12; and queue2 is stableif and only if

� 2 <
1 � � T1

1

1 � � T1
1 + (1−� 1 )� T1 � 1

1
1

� 1
+ � 12

� 1
−1

;

whenT1 > 1 and � 1 6= 1. (See [6] for the caseof T1 = 1 or � 1 = 1.)

An alternative threshold-basedpolicy that guaranteesstabilit y whenever �̂ 1 < 1 and
� 2 < 1 is the T2 policy. The T2 policy placesa threshold value, T2, on queue2, such
that server 2 processestype 1 jobs only when there are lessthan T2 jobs of type 2, thus
preventing server 2 from being overloaded.More formally,

De�nition 2 The T2 policy with parameter T2 is characterized by the following set of
rules, all of which are enforced preemptively (preemptive-resume):

� Server1 servesonly its own jobs.

� Server2 servesjobs from queue1 if N2 < T2. Otherwiseserver 2 servesjobs from
queue2.3

Figure 2(b) shows the jobs processedby server 2 as a function of N1 and N2 under the
T2 policy. Recall that the T1 policy guaranteesstabilit y whenever �̂ 1 < 1 and � 2 < 1
provided that T1 is chosenappropriately. By contrast, the T2 policy guaranteesstabilit y
whenever �̂ 1 < 1 and � 2 < 1 for any �nite T2. More formally, the following theorem
holds, which we state without proof:

Theorem 2 Under the T2 policy with T2 < 1 , queue1 is stableif and only if �̂ 1 < 1,
and queue2 is stableif and only if � 2 < 1.

2.2 Comparison of T1 and T2 policies

In this section,we study characteristicsof the T1 policy and the T2 policy by evaluating
the weighted meanresponsetime under various settings. In [6], we introducea compu-
tationally e�cien t and near-exactanalysisof the meanresponsetime under the T1 and
T2 policies,and this analysisenablesus to study the T1 and T2 policiesextensively. In
this paper, we limit our focus on the casewhere type 1 jobs and type 2 jobs have the
sameweight, i.e. c1 = c2 = 1; for a generalcaseof c1 6= c2, see[6].

When c1 = c2 and � 12 � � 2, we prove in [6] that T1 = 1 is the optimal choice for
the T1 policy and T2 = 1 is the optimal choice for the T2 policy with respect to both
performanceat the estimated load and robustness. Thus, the T1 and T2 policies with
the optimal threshold valuesbecomethe sameunder this setting (i.e. they both follow
the c� -rule: server 2 works on jobs from queue1 only when queue2 is empty). Hence,
below, we limit our attention to the caseof � 12 > � 2. Note that condition � 12 > � 2 is
achieved when type 1 jobs are small and type 2 jobs are large (in the generalcaseof
c1 6= c2, condition c1� 12 > c2� 2 is also achieved when type 1 jobs are more important
than type 2 jobs) and/or in the pathological casewhen type 1 jobs have good a�nit y
with server 2.

Figure 3 shows the weighted meanresponsetime (overall meanresponsetime) under
the T1 policy (top row) and the T2 policy (bottom row). Di�eren t columnscorrespond
to di�eren t � 1's. Here,c1� 12 = 1 and c2� 2 = 1

4 are �xed. The overall meanresponsetime

3When N1 = 1 and N2 = 0, we allow the sameexception as in the T1 policy.
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Figure 3: The overall mean response time under the T1 and T2 policies as a function
of T1 and T2. Here, c1 = c2 = 1, c1� 12 = 1, c2� 2 = 1

4 , and � 2 = 0:6 are �xed. When
c1� 1 = 1

4 (in the left column) and �̂ 1 = 0:95, the overall mean responsetime under the
T2 policy is over 100 for all T2, and does not appear in the �gur e.

is evaluated at three loads, �̂ 1 = 0:8; 0:9; 0:95 (only � 1 is changed)4, and � 2 is �xed at 0.6
throughout. See[6] for discussionon the other valuesof � 2.

The top row of Figure 3 shows that the overall mean responsetime under the T1
policy is minimized at some�nite T1, and that the optimal T1 dependson environmental
conditions such as load (�̂ 1) and job sizes(� 1). By Theorem1, a larger value of T1 leads
to a larger stabilit y region, and hencethere is a tradeo� betweengood performanceat
the estimated load, (�̂ 1; � 2), which is achieved at smaller T1, and stabilit y at higher �̂ 1

and/or � 2, which is achieved at larger T1. Note also that the curves have sharper \V
shapes" in generalat higher �̂ 1, which make it di�cult to choosethe right T1, sincethe
overall meanresponsetime quickly divergesto in�nit y, as T1 becomessmaller.

The bottom row of Figure 3 shows that the overall mean responsetime under the
T2 policy is minimized at T2 = 1 or small T2. Sincechoosing either T2 = 1 or small T2

minimizes the overall mean responsetime at the estimated load and still provides the
maximum stabilit y region, there is no tradeo�. However, observe that the overall mean
responsetime under the T2 policy with the optimal T2 can be much higher than that
under the T1 policy with the optimal T1.

4Note that �̂ 1 = 0:8; 0:9; 0:95 corresponds to � 1 = 2:08; 2:34; 2:47 when � 1 = 1=4 (column 1), � 1 =
1:12; 1:26; 1:33 when � 1 = 1 (column 2), and � 1 = 0:88; 0:99; 1:045 when � 1 = 4 (column 3).
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Figure 4: Overall mean responsetime under the T1 policy and the T2 policy (T2 = 1) as
a function of � 2, where c1 = c2 = 1, c1� 1 = c1� 12 = 1, c2� 2 = 1

16, and � 1 = 1:12 are �xed.

Figure 4(a) highlights the tradeo� between the performanceat the estimated load
and the robustnessagainst changesand misprediction in load in the T1 policy, plotting
the overall meanresponsetime asa function of � 2 (only � 2 is changed). When � 2 = 0:6,
T1 = 6 is the optimal choice,and overall meanresponsetime is lower with T1 = 6 than
with T1 = 20. If it turns out that � 2 = 0:8 is the actual load, then the T1 policy with
T1 = 6 leadsto instabilit y (in�nite overall meanresponsetime), while the T1 policy with
T1 = 20 still gives�nite and low overall meanresponsetime. In the above sense,the T1
policy is not robust againstmisprediction or changesin load. Onecanchoosea higher T1

(=20) to guarantee stabilit y at higher loads,but this will result in worseperformanceat
the estimated load. Thus, the T1 policy exhibits a tradeo� betweengood performance
at the estimated load and robustnessagainst changesand misprediction of load.

Since the T2 policy is typically optimal with T2 = 1 and the maximum stabilit y
region is guaranteed with T2 = 1, one might expect that the T2 policy has robustness
against misprediction or changesin load. Figure 4(b) shows the overall mean response
time under the T2 policy with T2 = 1 asa function of � 2. Although the T2 policy is more
robust than the T1 policy in the sensethat it can guarantee �nite overall meanresponse
time for a wider rangeof load, the �gure suggeststhat the �nite overall meanresponse
time can be very high under the T2 policy.

3 Designing new robust threshold-based policies

3.1 T1T2 policy

Onemight arguethat the stabilit y issueof the T1 policy with small optimal T1 is resolved
simply by placing an additional threshold, T2, on queue2, so that if the length of queue
2, N2, exceedsT2, server 2 works on type 2 jobs regardlessof the length of queue1, thus
preventing queue2 from becomingunstable. We refer to this policy as the T1T2 policy,
sinceit operatesas the T1 policy only when N2 � T2. More formally,

De�nition 3 The T1T2 policy with parametersT1 and T2 is characterized by the follow-
ing set of rules, all of which are enforced preemptively (preemptive-resume):

� Server1 servesonly its own jobs.
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Figure 5: Figures showwhether server 2 works on jobs from queue1 or queue2 as a
function of N1 and N2 under (a) the T1T2 policy and (b) the ADT policy.

� Server 2 servesjobs from queue1 if either (i) N1 � T1 & N2 < T2 or (ii) N2 = 0
& N1 � 2. Otherwise,server 2 servesjobs from queue2.5

Figure 5(a) shows the jobs processedby server 2 a function of N1 and N2 under the T1T2
policy. The stabilit y region of the T1T2 policy is the sameas that of the T2 policy. We
state the following theoremwithout proof:

Theorem 3 Under the T1T2 policy with parametersT1 and T2 < 1 , queue1 is stable
if and only if �̂ 1 < 1, and queue2 is stableif and only if � 2 < 1.

Figure 6(a) showsthe overall meanresponsetime under the T1T2 policy asa function
of � 2, whereT1 = 6 and T2 = 10, 20, or 40. Recall that the T1 policy achievesits lowest
overall meanresponsetime given � 2 = 0:6 when T1 = 6. The T1T2 policy with T1 = 6 is
designedto provide a wider stabilit y regionwith the near-optimal overall meanresponse
time at � 2 = 0:6. In fact, when � 2 = 0:6, the overall meanresponsetime under the T1T2
policy with T1 = 6 is comparableto that under the T1 policy with T1 = 6 for a rangeof
T2. For higher � 2 (speci�cally, � 2 > 0:76), the T1T2 policy (with T1 = 6) provides lower
overall mean responsetime than the T1 policy with T1 = 6, hencebeing more robust.
However, the range of load for which the T1T2 policy improves upon the T1 policy is
limited. For example,when � 2 = 0:8, the overall mean responsetime under the T1T2
policy with any value of T2 is signi�cantly higher than the T1 policy with T1 = 20.

The inadequacyof the T1T2 policy is primarily due to the fact that the T1T2 policy
operates like the T2 policy at higher load, but the performanceof the T2 policy is
typically poor at any load as comparedto the optimal T1 policy. This motivates us to
introducea new policy, the ADT policy, which alwaysoperatesas a T1 policy.

3.2 ADT policy

The key idea in the designof the adaptive dual threshold (ADT) policy is the useof two
thresholds,T (1)

1 and T (2)
1 , both on queue1 togetherwith a threshold,T2, on queue2. The

ADT policy behaveslike the T1 policy with threshold T (1)
1 if the length of queue2 is less

than T2 and otherwiselike the T1 policy with a higher threshold, T (2)
1 . Thus, in contrast

to the T1T2 policy, the ADT policy is alwaysoperating as a T1 policy, but unlike the
standard T1 policy, the value of T1 adapts, depending on the length of queue2.

5When N1 = 1 and N2 = 0, we allow the sameexception as in the T1 policy.
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Figure 6: Overall mean responsetime under (a) the T1T2 policy and (b) the ADT policy
as a function of � 2, where c1 = c2 = 1, c1� 1 = c1� 12 = 1, c2� 2 = 1

16, and � 1 = 1:12.

Wewill seethat the ADT policy is morerobust than the T1 policy againstchangesand
misprediction in loadsdue to the dual thresholdson queue1. First, the dual thresholds
on queue1 allow server 2 to help queue1 lesswhenthere aremoretype2 jobs, preventing
server 2 from becomingoverloaded.This leadsto the increasedstabilit y region. Second,
the dual thresholds make the ADT policy adaptive to changesin load (�̂ 1 and � 2), in
that it operateslike the T1 policy with threshold T (1)

1 at the estimatedload and like the
T1 policy with a higher threshold T (2)

1 at a higher load.
Formally, the ADT policy is characterizedby the following rule.

De�nition 4 The ADT policy with parameters T (1)
1 , T (2)

1 , and T2 operates as the T1
policy with parameter T1 = T (1)

1 if N2 � T2; otherwise, it operates as the T1 policy with
parameter T1 = T (2)

1 .

Figure 5(b) shows the jobs processedby server 2 under the ADT policy as a function of
N1 and N2. At high enough�̂ 1 and � 2, N2 usually exceedsT2, and the policy behaves
similarly to the T1 policy with T1 = T (2)

1 . Thus, the stabilit y condition for the ADT
policy is the sameas that for the T1 policy when T1 is replacedby T (2)

1 . In [6], we prove
the following theorem:

Theorem 4 The stability condition (necessaryand su�cient) for the ADT policy with
parameters T (1)

1 , T (2)
1 , and T2 is given by the stability condition for the T1 policy with

parameter T1 = T (2)
1 (Theorem 1).

Figure 6(b) illustrates the robustnessof the ADT policy, showing the overall mean
responsetime under the ADT policy as a function of � 2. It is observed that (i) perfor-
manceat the estimated load (� 2 = 0:6 in Figure 6(c)) is well characterizedby T (1)

1 , and
(ii) stabilit y is characterizedby T (2)

1 (recall Theorem 4). Also, the ADT policy achieves
at least asgood performanceas the better of the T1 policieswith two di�eren t T1 values
throughout the rangeof � 2. We show in [6] that the ADT policy is also robust against
changesin �̂ 1.

Since the ADT policy requires specifying three thresholds, T (1)
1 , T (2)

1 , and T2, one
might want to avoid searching the spaceof all possibletriples for the optimal settings.
In choosingthe thresholdsof the ADT policy in Figure 6, we have followed the following
sequential heuristic:



1. Set T (1)
1 as the optimal T1 value for the T1 policy at the estimated load.

2. ChooseT (2)
1 so that it achievesstabilit y in a desiredrangeof load.

3. Find T2 such that the policy provides both good performanceand stabilit y.

We �nd that the performanceat the estimated load is relatively insensitive to T (2)
1 , and

hencewe can choosea high T (2)
1 to guarantee a large stabilit y region (see[6] for details).

Also, sincethe stabilit y region is insensitive to T (1)
1 and T2, we canchoosethesevaluesso

that the performanceat the estimated load is optimized. Determining the appropriate
T2 is a nontrivial task. If T2 is set too low, the ADT policy behaves like the T1 policy
with threshold T1 = T (2)

1 , degrading the performanceat the estimated load, sinceT (2)
1

is larger than the optimal T1 in the T1 policy. If T2 is set too high, the ADT policy
behaves like the T1 policy with threshold T1 = T (1)

1 . This worsensthe performanceat
loadshigher than the estimatedload. Although a larger stabilit y region is guaranteed by
setting T (2)

1 higher than the optimal T1 in the T1 policy, the overall meanresponsetime
at higher loadscan be quite high, albeit �nite. In plotting Figure 6, we �nd \good" T2

valuesmanually by trying a few di�eren t values,which takesonly a few minutes.

4 Conclusion

In this paper, we designand evaluate various threshold-basedresourceallocation policies
in a simple model of two serversand two queues.This provides us with lessonsthat are
useful in designingresourceallocation policies in more complex systems. The study of
simple allocation policies, the T1 policy and the T2 policy, revealsthe tradeo� between
good performanceat the estimated environmental conditions versusrobustnessagainst
changesand misprediction of the environmental conditions. For example,we have seen
that when the threshold value is chosenappropriately, the performanceof the T1 policy
is no worse than or very closeto the best performanceachieved by all the other allo-
cation policies studied in this paper. However, the optimal threshold value for the T1
policy dependson the environmental conditions,and a thresholdvalue that works for the
current load may causeinstabilit y under higher loads. On the other hand, the T2 policy
guaranteesthe maximum stabilit y regionand hasmorerobustness,but its performanceis
usually poor. The superiority in performanceof the T1 policy over the T2 policy brings
up another interesting point: it is better to determine when help is provided basedon
the \b ene�ciary" queuelength rather than the \donor" queuelength.

An obvious \�x" for the lack of robustnessin the T1 policy is to usean additional
threshold to guarantee stabilit y at higher load. This is the idea behind the designof the
T1T2 policy. It turns out, however, that the improvement in robustnessin the T1T2
policy is marginal. This is primarily due to the fact that the T1T2 policy operateslike
the T2 policy at higher load, and the performanceof the T2 policy is typically poor at any
load. That is, letting the both queueshave control (the T1T2 policy) is not much better
than letting the bene�ciary queuealonehave control (the T1 policy). The inadequacyof
the T1T2 policy motivatesus to proposea new allocation policy, the ADT policy.

Unlike the T1T2 policy, the ADT policy always operatesasa T1 policy, adapting its
threshold value to changesin environmental conditions. A di�cult y in designingsuch
an adaptive allocation policy is detection of changesin the environmental conditions or
preciseprediction of the environmental conditions. In our model, we are able to \detect"
the changesor misprediction in the environmental conditions by observingthe length of



queue2, N2. In particular, the ADT policy usesa threshold value that is appropriate at
low load when N2 is low, and it usesa threshold value that is appropriate at high load
when N2 is high. It turns out that the performanceof the ADT policy is better than
or very closeto the two T1 policies with di�eren t threshold values; that is, the ADT
policy can provide good performanceat estimated environmental conditions and is also
robust. We conjecture that a policy that usesmore thresholdson queue1 and chooses
an appropriate threshold depending on N2 would provide better performanceacrossa
wider rangeof load, at the expenseof additional complexity.

Finally, weprovide someguidelinesfor designingresourceallocation policieswith good
performanceand robustnessfor morecomplexcomputer and communication systems.A
�rst step would be to designan allocation policy that can provide good performanceat
the estimated environmental conditions (the T1 policy in our model). It may help to
considera simpler approximate model. A secondstep would be to �nd someindicator,
within the system,of the changes/mispredictionof the environmental conditions (N2 in
our model). If there is no such internal indicator, we would needto designone. A last
step would be to �nd an appropriate mapping from the internal state (e.g., N2) to the
parameter (e.g., T1) of the good allocation policy (e.g., the T1 policy). Towards this
end, it would be helpful to have analysis technique (e.g., our analysis technique in [6]
usedthroughout this paper) that allows us to evaluate the allocation policy swiftly and
accurately at various environmental conditions.
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