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Abstract 

This technical note studies whether pooling two (e.g. call center) server (e.g. agent) 

groups with different service (e.g. short and long call) types is always ‘optimal’. 

First some recent results are reviewed in an instructive manner to argue and illustrate a 

substantial improvement by simple overflow scenarios, as based upon a standard 

queueing result for the effect of variability. Next it shows that further improvements are 

possible in two directions: 

 (i) by prioritizing short jobs for an average improvement; 

 (ii) by optimal thresholds, which prioritize long jobs,  

  for a slight but strict improvement over pooling. 

Also the dependence on the number of servers (agents) and the ratio of short and long 

jobs is investigated. It shows that the improvement patterns are robust up to some trade-

off number of agents for the overflow scenarios and more or less constant allover for the 

prioritizing scenarios. The scenario can thus be regarded as practical. 

The results are of both practical and theoretical interest: practical for possible 

implementation and awareness for extensions to more complex situations; theoretical for 

the ‘counter- intuitive’ results and further research. 

 

 

 



1. Introduction 

In call centers (as well as other service environments) the general perception appears to exist that it is 

always advantageous, at least from a performance and capacity point of view, to pool service 

capacities; for call centers that is: agent groups. 

This perception seems supported by simple queueing results as has already been taught in early 

introductory OR-textbooks (e.g. [5], [6]) Nevertheless, the general validity of this perception remains 

to be questioned as shown in a recent paper by the authors [10]. (For the simple single server case it 

has also simultaneously been addressed in INFORMS Transactions on Education [2]). 

More precisely, both [9] and [12] do not only prove a reduction factor in the case of identical 

services but also present a counterintuitive example for the simple case of a single server. These single 

server examples illustrate an opposite effect of pooling for the average waiting time when different 

services are involved. And also non-quantitative aspects, such as of psychological nature, that may 

have to be taken into account in relation to pooling are reported (see, [7] and [8]).  

A more extensive list of and discussion on other and recent references related to pooling for call 

centers can be found in [10]. Most notably, in most of these references much attention has been paid 

to the computation of agent numbers as based on the square root principle introduced in [4]. For 

elegant surveys see [1], [3] and [11].  

In [10], in contrast, it was investigated whether or not it was advantageous to pool two call 

center groups with different call types while keeping the capacities unchanged. Both approximate 

analytic expressions and insights were provided, as based on classical queueing results, to show and 

argue that pooling is not necessarily beneficial. These general results were supported by extensive 

numerical results for agent groups of reasonably realistic size. 

Furthermore, it was also shown and numerically supported that considerable improvements 

could still be achieved by simple overflow scenarios (two-way or one-way), with just a small % of 

overflow. The numerical results indicated that the question of pooling is not only of theoretical but 

particularly also of practical interest. Nevertheless, two questions of both practical and theoretical 

interest remained open: 

• At practical level: Does there exist a simple scenario which is practical to implement and 

which leads to further improvement also for realistic call center sizes? 

• At theoretical level: Can we strictly improve the pooled scenario in all respects; that is for 

any type of call or customer rather than just on average? 
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This technical note aims to respond to these questions as well as to provide further insights and 

practical awareness that call centers managers can benefit from also for more complicated situations. 

To this end the following outline will be followed. 

First, in section 2, for self-containedness and essential insights an instructive example and some 

numerical results from [10] are reviewed. Next, in section 3, new results are presented. First, in 

section 3.1 we address the first question by showing a substantial improvement for two prioritizing 

scenarios. In section 3.2 we address the second question by optimizing threshold scenarios. In section 

3.3 we investigate to which extent the results hold true for arbitrary agent numbers. Section 3.4 gives a 

schematic overview and section 3.5 contains some general conclusions. 

2. To pool or not? 

2.1 Basic queueing results 

In service operations pooling separate servers is generally perceived to be beneficial. Indeed, when 

queues for more servers are pooled into a single line none of the servers can ever be idle as long as 

there are calls / customers waiting. In other words, the service capacity cannot be used more 

efficiently. 

This is also supported by the standard delay formula for a single (exponential) server (e.g. [6]) 

with arrival rate λ and service rate µ: D = 1 / (µ - λ) as by pooling two of these servers, each with 

arrival rate λ and service rate µ, as if they are merged into one single server which is twice as fast, the 

mean delay would thus be reduced to by a factor 2 as by D = 1 / (2µ - 2λ). In other words, at first 

glance pooling two servers thus seems to lead to a mean delay reduction of roughly 50%. 

This reasoning however relies upon the implicit assumption of two identical servers or rather 

identical service characteristics, most notably, identical means. When different services are involved 

in contrast, the advantage of pooling remains questionable, as already addressed in the literature for 

the simple two-server case by references as [11] and [12]. More precisely, here a second basic result 

from queueing theory is to be realized: a result that seems hardly realized in practical call center 

environments. This result is known as Pollaczek-Khintchine (PK) formula. This formula, which is 

exact for the single server case, expresses the effect of service variability, as by 

  c2½(1 )   withG Ec= +W W 2 = σ2 / τ2 and 

WG : the expected mean under a general service distribution G  

 (and E standing for the exponential case) with mean τ and standard deviation σ.  
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2.2 Instructive two-server example 

As a consequence, if we would pool two separate servers, say for services of type 1 and type 2, as if it 

becomes one twice as faster server, we should also realize the variability due to mixing. By mixing 

different services (call types) extra service variability is brought in as each consecutive service can be 

of either type 1 or 2. As by the PK-formula this may lead to an increase of the mean waiting time (and 

delay). 

This is illustrated in Figure 1 for the situation of two job (call) types 1 and 2 with mean service 

(call) durations τ1 = 1 and τ2 = 10 minutes but arrival rates λ1 = 10 λ2. (In what follows we will refer to 

this situation as by a mix ratio k = 10). The traffic load ρ = λ1τ1 = λ2τ2 is set at 83%, so that both call 

types bring in an equal workload. 

The results show that the unpooled case is still superior, at least for the average waiting time 

and particularly also for the mean waiting time of type 1 calls, the vast majority (91%) of all calls. 

Due to the variability, it thus seems preferable to keep the servers separate despite its inefficiency as a 

server might be idle when there is still a call waiting (at the other server). But also another scenario 

can now be thought of that may combine the advantage of both scenarios: 

• No (or minimum) idleness as for the pooled case 

• No (or minimum) service variability as for the unpooled case 

To this end, the servers should still be kept devoted for type 1 and type 2 jobs (calls). But in addition, 

server 2 can also take a type 1 job (call) if there is no type 2 job (call) waiting and vice versa. The 

results for this two-way overflow system, as shown in Figure 1, indicate an improvement over both 

the pooled and the unpooled case. (Note however that the unpooled case is still by far superior for 

type 1 jobs). 
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Figure 1. Single server simulation comparison (k = 10; ρ = 0.83)  
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In this two-way overflow scenario there is no idleness at all (none of the servers can ever be idle 

while there is still a call waiting). However, the overflow of type 2 calls may imply long disturbances 

(and thus a large variability) at server 1. It might also be advantageous to allow some idleness at 

server 1. As a further improvement, a one-way overflow is therefore suggested in which type 1 calls 

may but type 2 calls may not overflow. This scenario not only shows a further reduction of the waiting 

time allover but also improves the unpooled scenario for type 1 (91%) calls. (The price to pay here is a 

waiting time increase for the small % of type 2 calls). In addition, the overflow % of calls is less than 

10%.   

2.3 Larger server numbers 

The results as shown above for the two-server example might be thought of as of merely theoretical 

interest. However, as recently shown in [10], similar results also apply for larger server numbers as of 

more practical call center order such as with up to over 100 (for the pooled case) agents. This is 

illustrated in Table 1. The results are shown for the one-sided overflow scenario with overflow for 

type 1 calls (the short calls) to server 2. Also note that this overflow variant improves the performance 

for type 1 calls (more than 90%). In addition, one may observe the small percentage of overflow. The 

one-way overflow scenario (called variant 3) appears to improve both the unpooled (variant 1) and the 

pooled (variant 2) scenario for small and medium sized agent groups. This scenario keeps the call 

types separate and only leads to or requires a small percentage of overflow from type 1 calls (the short 

calls) to server 2.  

Unpooled (variant 1) Pooled (variant 2)

s W1 W2 Wav W W1 W2 Wav % overflow
1 4.49 45.24 8.18 11.53 3.40 45.47 7.20 5.1%
2 2.14 21.40 3.89 5.27 1.55 21.62 3.37 5.2%
3 1.38 14.15 2.51 3.33 0.98 14.35 2.17 4.9%
4 1.01 10.24 1.83 2.34 0.70 10.43 1.57 4.9%
5 0.78 7.57 1.41 1.76 0.53 7.75 1.20 4.9%

10 0.34 3.52 0.63 0.71 0.21 3.66 0.52 4.5%
15 0.21 2.15 0.38 0.40 0.12 2.26 0.31 4.2%
20 0.15 1.44 0.26 0.26 0.08 1.54 0.21 4.0%
30 0.08 0.81 0.15 0.13 0.04 0.88 0.12 3.6%
40 0.06 0.54 0.10 0.08 0.02 0.59 0.08 3.2%
50 0.04 0.38 0.07 0.05 0.02 0.42 0.05 2.9%
60 0.03 0.29 0.05 0.03 0.01 0.33 0.04 2.6%

Overflow (variant 3)

Table 1. Simulation results of the three variants for pooling two unequal groups (k = 10; ρ = 0.9) 

Remark (Service distribution) As mentioned and shown in [10] by both (approximate) analytic 

expressions (for the pooled and unpooled scenarios) and by simulation, similar results can be obtained 

for arbitrary service (call) distributions. The choice for deterministic service times is merely based on 

illustrating the mix effect most distinctively. 
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3. Can we do better? 

As illustrated in section 2 the basic queueing insights did not only lead to intriguing (and possibly 

counterintuitive) results for the simple example of two servers but also to results that seem to 

contradict the general perception that pooling is (always) beneficial for larger server numbers, such as 

for more realistic call center agent groups. 

As is turned out, the one-way overflow scenario appeared to be superior up to some reasonably large 

number of servers. Only beyond this number the pooled scenario, seems to win. Nevertheless, the 

results and insights provided did not guarantee at all that this is the end. As also indicated in the 

introduction, questions of both practical and theoretical interest remain: 

1. (Practical) Can we still do better? And if so, is this highly complex or still practical to 

implement? 

2. (Theoretical) Can there exist a scenario that improves the pooled scenario for both type 1 

(short) and type 2 (long) jobs? 

This section will respond to these questions. 

3.1 Average improvements 

To this end, in addition to the four earlier scenarios presented, we introduce three more scenarios as 

specified and listed in Table 2 below. Here we note in advance that in all scenarios a job might 

No.  Scenario Specification 

1 Pooled One queue for type 1 and 2. 

2 Unpooled A separate queue for each type. No overflow. 

3 Two-way A separate queues for each type. Servers of type 2 can take a type 1 
job if there is no type 2 job waiting and vice versa. 

4 One-way A separate queue for each type. Only servers of type 2 can take a type 
1 job if there is no type 2 job waiting. No overflow to servers of type 
1. 

5 Thr(Opt) See section 3.2. 

6 Prio(1,N) A separate queue for each type. Type 1 jobs always have priority 
over type 2 jobs. Type 2 jobs are served only if there is no type 1 job 
waiting. 

7 Prio(1,P) As scenario 6, but in addition: When a type 1 job arrives, a type 2 job 
is pre-empted. When no more type 1 jobs are waiting, type 2 jobs are 
resumed. 
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eventually be served by a server from either group 1 or 2, except for scenario 2 (unpooled) and 

scenario 4 (one-way) for type 2 customers. Scenario 5, which is somewhat more complicated, will be 

discussed in section 3.2, but it is included to give the complete overview.  

Before presenting numerical results, let us briefly elaborate on these scenarios. In addition to 

the ‘variability’ aspect, the underlying reasoning for these scenarios is threefold: 

• Handling idleness. The scenarios primarily differ in what happens when a server becomes idle 

(scenarios 3, 4, 5 and 6) or when an arrival takes place (scenario 7). This is in line with the 

general insight, as argued and illustrated in section 2, that ‘pooling’ is not so much about 

‘pooling capacity’ but about ‘pooling idleness’. 

• Majority of short jobs. As the average waiting time treats each customer as equally important, 

the scenarios should be tailored to the largest customer group, that is type 1 (scenarios 4, 6 

and 7). 

• Practical. With exception of scenario 5, all scenarios can be regarded as simple and non-

dynamic (in that they do not depend on the queue length). Accordingly, they can be seen as 

practical for possible implementation. Only scenario 7, in which services can be interrupted, 

seems less practical. 

In line with these underlying reasons, both scenarios 6 and 7 provide full priority to type 1 jobs when 

a server becomes available, without and with pre-emption respectively. As a consequence, the results 

for type 1 jobs and, as these form the majority, the overall average can be expected to substantially 

improve either (one or two-way) overflow scenario. This is illustrated in Figure 2 for the same case as 

in Table 1 with s = 10 at a traffic load of ρ = 90%. (Similar patterns and with the same ranking order 

are obtained for ρ = 70% or 80% and s = 5 or 20.) 
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Figure 2. Average waiting times for different scenarios.
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Overall average  From this figure we draw the general conclusions: 

1) Not only the pooled but also the one-way scenario can still be improved substantially, at least 

for a reasonably small server group. 

2) ‘Prioritization’ of type 1 jobs is therefore required when a server idles. 

3) ‘Prioritization’ of type 1 jobs by pre-emption upon arrivals leads to further improvement. 

As the improvements are mainly due to the improvements for type 1 jobs with a price to be paid by 

type 2 jobs, Figure 3 shows the individual results for type 1 and type 2 jobs separately.  
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 .28  6  1.46 
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Figure 3. Average waiting time for type 1 and type 2 respectively for different scenarios. 

Type 1  Clearly, for type 1 jobs the improvements are even more distinctive. Particularly: 

1) Under the pre-emptive scenario (7) waiting times seem to have completely vanished. 

2) The simple one-way scenario (4), with no priority for type 1 jobs but also no interference by 

type 2 jobs, still performs slightly better than the Prio(1,N) scenario (6) with full priority for 

type 1 jobs. 

3) Either the one-way scenario (4) or Prio(1,N) scenario (6) leads to a substantial reduction for 

type 1 jobs 

Type 2  Also some observations for type 2 jobs (in same scenario order) are of interest in themselves: 

1) Both the Prio(1,N) and Prio(1,P) scenarios (6 and 7), that provide substantial attention 

and accordingly improvement for type 1 jobs, also improve the completely unpooled (2) or 

one-way scenario (4) for type 2 jobs. 
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2) As opposed to the pooled reference scenario (1) the relatively practical Prio(1,N) scenario 

(6), with an allover improvement of roughly 50% or more, (for the average and type 1 

jobs), only leads to a deterioration of roughly 50% for type 2 jobs. 

3.2 Thr(Opt) scenario 

Now let us return to the second intriguing question whether a scenario can be found that improves 

pooling for both type 1 and type 2. This is achieved by scenario 5. This scenario is dynamic in that the 

queue lengths play a role. Here, a search has to be executed to find optimal threshold numbers. To this 

end, let the scenario Thr(θ1, θ2) be specified by: 

Thr(θ1, θ2):  when a server of server group j (j = 1, 2) becomes available it will give priority to a 

job of type i where,  

 
1 1 2 2

1 1 2 2

1 1 2 2 1 1 2 2

1 if  
2 if  

if    or  

m m
i m m

j m m m m

θ θ
θ θ
θ θ θ

≥ ∧ <= < ∧ ≥
 ≥ ∧ ≥ < ∧ < θ

 

   with mi: the number of type i jobs waiting, i = 1, 2.  

Note that  

Thr(1, ∞) = Prio(1,N)  and    

Thr(1, 1) = Thr(∞, ∞) = Two-way. 

Among these dynamic (or queue length dependent) scenarios Thr(θ1, θ2) a scenario is sought which 

strictly improves the pooled scenario. A scenario Thr(Opt) is determined that takes into account the 

waiting times of both job types by:  

Step 1: { }
1 2, 1 1 2 2 1min max [Thr( , )], [Thr( , )]θ θ θ θ θ θW W 2

}

 (2.1) 

This leads to an optimal threshold combination (θ1, θ2)*  

and overall average waiting time under (θ1, θ2)*: WA[Thr(θ1, θ2)*]. 

Step 2: If WA[Thr(θ1, θ2)*] < WPooled compute: 

 {
1 2A , 1 2

1 1 2 2 1 2 Pooled

[Thr(Opt)] min [Thr( , )]

s.t. max [Thr( , )], [Thr( , )]
Aθ θ θ θ

θ θ θ θ

=

<

W W

W W W
 (2.2) 

 This leads to an optimal threshold combination (θ1, θ2)**. 

Step 3:  If (θ1, θ2)** exists then WA[Thr(Opt)] = WA[Thr(θ1, θ2)**],  

 otherwise WA[Thr(Opt)] = WA[Thr(θ1, θ2)*]. 
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Table 2 lists optimal threshold combination (θ1, θ2)** (if it exists), for which the pooled scenario is 

improved allover, and optimal threshold combinations (θ1, θ2)* otherwise for different values of s, mix 

ratios k and ρ = 0.9. It shows that (θ1, θ2)** does not always exists. For example, for k = 10 and s=2, at 

least one of the two job types will always be worse than for the pooled case. However, for most s, k-

values (θ1, θ2)** appears to exist. 

k \ s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2 (4,2) (4,2) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (3,2) (3,2) (3,2) (3,2) (3,2)
3 (4,1) (4,1) (3,1) (3,1) (3,1) (5,2) (5,2) (5,2) (5,2) (5,2) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1) (2,1)
4 (5,1) (7,2) (4,1) (4,1) (6,2) (6,2) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (5,2) (5,2) (2,1) (2,1) (2,1) (2,1)
5 (9,2) (6,1) (5,1) (5,1) (4,1) (4,1) (4,1) (7,2) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (6,2) (6,2) (6,2)
6 (8,1) (7,1) (6,1) (5,1) (5,1) (5,1) (4,1) (4,1) (4,1) (4,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1)
7 (13,2) (8,1) (7,1) (6,1) (10,2) (5,1) (5,1) (4,1) (4,1) (4,1) (4,1) (4,1) (4,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1) (3,1)
8 (14,2) (9,1) (8,1) (7,1) (6,1) (11,2) (5,1) (5,1) (4,1) (4,1) (4,1) (4,1) (4,1) (9,2) (3,1) (3,1) (9,2) (9,2) (9,2) (9,2)
9 (12,1) (15,2) (9,1) (8,1) (7,1) (6,1) (6,1) (5,1) (5,1) (5,1) (5,1) (4,1) (4,1) (4,1) (4,1) (4,1) (4,1) (3,1) (3,1) (3,1)
10 (18,2) (12,1) (15,2) (8,1) (7,1) (7,1) (6,1) (6,1) (5,1) (5,1) (5,1) (5,1) (4,1) (4,1) (4,1) (4,1) (4,1) (4,1) (3,1) (3,1)

  (θ1, θ2)** solution   (θ1, θ2)* solution   (θ1, θ2)* solution, pooling average better

  Table 2. Optimal threshold combinations (θ1, θ2)** or (θ1, θ2)* for different mix ratios k and server group sizes s.

Some noteworthy observations from Table 2 are: 

1) To optimize the pooled scenario for both type 1 and type 2 jobs some more “preference” or 

“prioritization” appears to be required as indicated by the “optimal” levels (θ1, θ2). 

2) The optimal thresholds seem to prioritize type 2 (long) jobs. (θ2 = 1 or 2) 

3) A strict improvement over the pooled scenario for both job types does not only apply to large 

mix ratios (k = 10) but also to small mix ratios (k = 2, 3). 

4) The optimal strategy appears to be rather robust  

for mix ratio k and number of agents s. 

The improvements are only in the order of a few % but consistently outside 95% confidence intervals 

with a range of ½%. Figure 4 shows the relative improvements (waiting time reduction) for k = 10 and 

s = 1 to 20. 
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Figure 4. Relative improvement in average waiting time.
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3.3 Large number of servers 

One may question to which extent the observations and conclusions as made in section 3.2 can be 

regarded as representative, particularly for other numbers of servers (agents). (As already mentioned 

the same pattern also applies for s = 10 or 30 and ρ  = .70 or .80). Figure 5 also illustrates the pattern 

for s = 1, 5, 10, 20 and 50 for ρ = 0.9 and k = 10. This leads to the following observations: 
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1 5 10 20 50

  Pooled

  Thr(Opt)

  Unpooled
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Figure 5. Average waiting times for different scenarios and server group sizes from 1 to 50. 

• The improvement patterns do indeed seem rather robust for the size of the agent group except 

that the unpooled and one-way scenario (2 and 3) are eventually outperformed by pooling for 

sufficiently large numbers of servers (agents). 

• The type 1 priority scenarios (either 6 or 7), in contrast, appear to provide a constant 

improvement regardless of the server (agent) number. 

• Furthermore, one may note the double interchange of rankings for the one-way and two-way 

overflow scenarios (3 and 4) for s = 1 and s = 50. 

-40%

-20%

0%

20%

40%

60%

80%

1 10 20 30 40 50

  Prio(1,P)
  Prio(1,NP)
  One-way
  Two-way
  Unpooled
  Pooled

Figure 6. Reduction in average waiting time compared to pooling  
for different scenarios and server group sizes from 1 to 50.  
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These observations are also supported by Figure 6 which presents the s-dependence more graphically. 

From Figure 6 it also becomes clear that 

• For scenarios 6 and 7 the improvement appears to be become (asymptotically) constant. For 

the scenarios 2 and 4 the improvement vanishes for sufficiently large s. 

• The improvements are monotonically decreasing in s. 

3.4 A schematic overview 

So far, we have restricted the results presented to the representative case of ρ = .9 and k = 10. This 

case can be regarded as rather illustrative. But while ρ = .7, .8 or .9 seems quite realistic, k = 10 might 

be considered as rather extreme. For small k one may expect less distinctive if not opposite results. In 

Table 3 we therefore provide a rough schematic overview for different agent numbers (the actual 

intervals slightly differ for different scenarios as well as values for k) and mix ratios k. Herein, the 

inequality symbol < indicates a smaller average waiting time. Table 3 illustrates that pooling is indeed 

always ‘optimal’ but only in the situation of identical services (k = 1). 

s    1  2 3 4 5   …. 10  …. 15   …. 20    …. 30    …. 40   …. 50 ….

k = 10 

k = 9 

  Prio(1,P) < Prio(1,N)  Prio(1,P) < Prio(1,N)           Prio(1,P) < Prio(1,N) 

    < 2-way < 1-way <   < 1-way < 2-way  <  … …           < 2-way < pooled 
 unpooled < pooled           unpooled < pooled              < 1-way < unpooled 

k = 8 

k = 7 

  Prio(1,P) < Prio(1,N)    Prio(1,P) < Prio(1,N)   Prio(1,P) < Prio(1,N) 

    < 2-way < 1-way <    < 2-way < 1-way <    < 2-way < pooled 
 unpooled < pooled     pooled < unpooled    < 1-way < unpooled 

 
k = 6 

  Prio(1,P) < Prio(1,N)      Prio(1,P) < Prio(1,N)  

    < 2-way < 1-way <       < 2-way < pooled  
    pooled < unpooled       < 1-way < unpooled 

 
2 ≤ k ≤ 5 

 Prio(1,P) < Prio(1,N) 
< 2-way < pooled 

   < 1-way < unpooled 

k = 1 pooled = 2-way = Prio(1,N) ≤ Prio(1,P) << 1-way < unpooled 

Table 3. Ranking of scenarios for different mix ratios and server group sizes. 

Remark 3.1 (General service distribution) As in section 2, throughout this section the service times 

are assumed to be deterministic, but similar patterns and results can be obtained for arbitrary service 

times (for example, but not necessarily, exponentially distributed). 
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4. Global conclusions 

To summarize the various observations and as an evaluation the following global conclusions are 

drawn: 

1. Pooling can be substantially improved by a number of simple ‘practical’ scenarios as: 

• A strictly separated scenario (for sufficiently small number of agents), 

• A one-way or two-way overflow scenario with improvements up to  

some sufficiently large number of agents, and by 

• A priority scenario (pre-emptive or non-preemptive) for short (type 1) jobs for 

arbitrary number of agents and with a more or less constant improvement order. 

2. Pooling can even be improved for both short and long jobs by optimal threshold scenarios. 

These optimal scenarios generally tend to prioritize long (type 2) jobs. 

3. Pooling is thus far from optimal, at least from an average waiting time perspective. This could 

already have been concluded from basic queueing insights from. 

4. Also the weights and the proportions for different job classes may have to be taken into 

account (say other than proportional) and may effect which scenario is optimal. 

5. Simulation was necessarily required to evaluate the scenarios. 

6. Particularly for more complex pooling questions, with multiple skills and preferences, a 

combination of queueing (for insights) and of simulation (for evaluation and optimization) is 

therefore suggested if not required.  
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