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Appendix A: Performance of DSPs with Strategic Idleness Modification in
Randomly Generated Open-shop System

As illustrated in Figure 1, XYZ’s service system is similar to a three-stage tandem network with an
open-shop network as the middle stage. The effect of the TBP in a three-stage tandem queue network
has been established by Baron et al. (2014). Thus, here, we focus on open-shop service network.
The main purpose of this section is to demonstrate that the SI modification can be combined with
DSPs to provide nice tradeoff between macro- and micro-level SLMs in general open-shop service
networks.

We considered a 10-station open shop: Each customer needs to be served in each station once. The
stations can be visited in any order; there are no precedence constraints. Four stations are designated
as potential bottlenecks: their utilizations are drawn from Uni form (0.5,0.9) distribution; the other
six stations are non-bottlenecks with Uniform (0.1,0.5) distributed utilizations. Each station j €
{1,...,10} has a random number of servers m;, following a discrete Uniform(1,5) distribution.
Let p; be the utilization rate of station j. Customer service times in station j follow exponential
distribution with parameter %, where 10 is the average number of customers each station needs
to serve per hour.

For the transient regime, we generated 100 workdays; the system starts empty at the beginning
of the workday and works until all customers are processed. For every workday the number of
customers, N, follows a discrete Uni form(75,85) distribution. One customer is scheduled to arrive
every three minutes, during the first four hours of the workday. Their actual arrival times may
uniformly deviate from their scheduled arrival times by +10 minutes. Then, all tests are performed
using the same set of random numbers, stations, and customers to ensure the comparability of
different policies.

The simulation for the steady-state regime was performed similarly as the transient-state regime,
except that we generated 10,000 customers (i.e., 100,000 service requests) with a mean customer
inter-arrival time of six minutes (inter-arrival times were drawn from Uni form(0,12) distribution).

We used the same three SLMs as in the XYZ case: the average system time, the proportion
of customers with system time exceeding threshold 7, and the number of red face incidents,
where the latter was defined as a waiting time exceeding threshold TH¥. We also consider the
measure of E[W|RF] to examine if the TBP modification sacrifices the satisfaction of customers
who already wait more than T%. To select reasonable values for these thresholds, we first simulate
the performance of the non-idle LS policy, and use it as a benchmark. We set T as median (50-th
percentile) of the system time; and T,f%;, at the 97.5-th percentile of the waiting times, so that
red faces are generated about 2.5% of the time under the non-idle LS policy. We define T3¢ and
T%, in a similar fashion; clearly we have Ty%o, > T2F > TTE, . Different thresholds for RFs lead to

different rareness of RFs in the original system, from rare (7,5, ) to somewhat common (T}i5,).
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Based on these T* and TF¥s, we evaluate the other four non-idle DSPs and their TBP modifica-
tions, including Overtaking and Overtake-free TBPs. We remind that the threshold used in a TBP
for deciding when to idle a customer is the one that minimizes the number of RFs, i.e., the incidents
of waiting more than T#¥. The results for transient- and steady-states are displayed in Tables 7 and
8, respectively. These two tables have the same structure: Rows 4-8 contain the results for non-idle
DSPs, rows 9-13 contain the results for the corresponding Overtake-free TBP modifications of each
DSP, and rows 14-18 contain the results for the Overtaking TBP modifications of each DSP. Three
column clusters (columns 2-6, 7-11, 12-16) contain results when the thresholds for RFs are T,
THE, and T respectively. The result in Tables 7 and 8 is a good representative of all networks
we simulate (other results are available from the corresponding author upon request).

We first look at the result of transient state in Table 7. By comparing rows 4-8 with rows 9-13,
we derive similar intuitions to those in Section 5.3. In the 3%, case, comparing the performance
of overtake-free TBP-modified policies with their non-idle counterparts, we see that the overtake-
free TBP modification is very successful in reducing the number of RFs: all policies experience
large reductions, with the top performers (LMOP, LCW) experiencing a reduction of over 96%. For
LAW, LS, and SERP policies, the cost of these reductions in RFs is relatively modest: the average
total system time increases by less than 10% and the probability of spending more than T time
in the system increases by less than 17%. However, for LMOP and LCW policies, the cost is much
higher: the average total system time increases by more than 22% and the probability of spending
more than T time in the system increases by more than 30%. Further, when the threshold for RFs
decreases, the advantage of LMOP and LCW policies in the number of RFs diminishes. For example,
when the threshold for RFs decreases to T, , the non-idle versions of LMOP and LCW perform
significantly worse than other TBPs in almost all measures. Even when the Overtake-free TBP
modification reduces the number of RFs by over 50%, the resulting LMOP+TBP and LCW+TBP
are still dominated by LS+TBP.

Comparing rows 9-13 with rows 14-18 in Table 7 shows that the performances of Overtake-free
and Overtaking TBPs are similar. For example, in the T,'%, case, although when combined with
LCW policy the Overtake-free TBP dominates the Overtaking TBP in all SLMs, when combined
with other DSPs there is no clear preference between Overtaking and Overtake-free TBPs: a smaller
number of RFs is always associated with a longer average total system time, and vice versa.

To illustrate the improvement that can be achieved by combining SI modification under different
T Hs with DSPs compared with the non-idle version of DSPs, we plot the mean system time versus
the number of RFs for T,7'%, , T2, and T4, under LS policy with Overtake-free TBP modification
for TH € {1,...,20,00} on Figure 6. Each curve represents a different value of T%¥. On each curve,
from the right to the left, the TH increases. Note that, when T'H increases, the TBP is triggered
less often, so the performance of the LS policy gets closer to the non-idle policy. In the extreme

case, when T'H = 0o, the LS policy acts the same as the non-idle policy.
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We see from Figure 6 that when the incidents of RFs are rare (T3, ), the LS policy with TH* = 10
provides attractive tradeoff to reduce the number of RFs by close to 83% at the cost of increasing
the mean system time by less than 10%. We can choose different T'Hs in the LS policy for different
tradeoffs, depending on the company’s strategy. When the incident of RF's are more common, the SI
modification is less successful and the maximum reduction of RFs for 7.5 and T, are 74.6% and
42.1% respectively. Tradeoff curves for other DSPs look similar. Thus, in an open-shop network,
the SI modification provides a similar tradeoff as it does in a tandem queue network in Baron et
al. (2014).

We see from Table 8 that while the results for the steady-state regime are similar to the ones for
the transient case above, some clear differences emerge. First, the Overtaking TBP dominates the
Overtake-free TBP in the number of RF's. Of course, the cost of reducing the number of RFs is also
high. In some extreme case, e.g., when the threshold for RFs is T, , the Overtaking TBP when
combined with LAW policy can reduce the number of RFs by 97% at a cost of increasing the total
system time by 68.4%. Whether it is a good tradeoff depends on the company’s strategy. Second,
when the threshold for RFs is small, i.e., the incidents of RF's are prevalent, the SI modification
losses its advantage in reducing the number of RFs. For example, in the Tif, case, the Overtake-
free TBP increases the number of RFs when combined with LS, LMOP, LCW, and SERP policies.
While the Overtaking TBP still manages to reduce the number of RF's for all DSPs, the percentage
reduction is smaller than in the 7,5, and T.% cases. This observation is in line with the intuition
in Baron et al. (2014): the TBP is able to reduce the number of RFs only when the incidents of
RF's are sufficiently rare in the system.

Of course, one can repeat the above simulation for sufficient times to obtain an estimation of the
system’s expected performance under different TBPs with or without SI modification. However,
due to the large number of randomly generated parameters, the time it takes to obtain such an
estimation will be too long, and the insights would not change much. Moreover, one can use other
distributions to generate the daily number of customers, arrival times of customers, utilizations,
numbers of server, and service times for different stations. For example, we also run the same
simulation using Beta distribution to generate the inter-arrival and service times. Nevertheless, the
effect of SI modification remains the same. We remind that our DSP4+TBP modification works
well in the simulation of XYZ’s service system, which is already a general service network with no
presumptions on the inter-arrival or service time distribution.

To conclude, for a randomly generated open-shop system in both transient- and steady-states,
introduction of SI into our DSPs allows us to reduce the number of incidents of RF's, at the cost
of a modest increase in the amount of system time and proportion of customers with system time

exceeding T'°. Thus, these conclusions seem robust for general stochastic open-shop networks.



*91e1G-Apealg ui yiomia doys-uad(Q wopuey e ul |S INOYUM pue ylm saidljod Suinpaydg juaiajjiq Jo aduewuoyiad a8esany ayl g 9|qel
94:81:0 Y606 | %699 | 1¢-€9:0 | ¥€:CCC | ¥I¥C0 Yyl | %6798 | 62:99°0 | 00:74C | OF:1¥-0 ¥9 %S08 | €T:L0°T | ¥1:¥4:C ddLLO+dYdS
T0:61:0 I8¥0T | %99S | 60750 | G4:CT°C | L€:GT0 €€6C | %8G | 99°T0°T | 0€61:C | TT:€7:0 0S¥y %979 | GO'8T T | 6T:9€:C d9LLO+MDT
07:61:0 90€0T | %R®'€9 | 9T:¥4°0 | LT 1CC | €¥°9C0 IVIE | %6°99 | 62:C0°T | V& 1€:C | STF¥:0 L9V %€°99 | €0°L0°T | 9T61:C d9LLO+dONT
TG 120 9€L8 | %E'89 | GE€:14:0 | 87*¥¢C | ¥0:LT0 L0LT | %G LL | GGFS°0 | PO:OF°C | 99:G¥-0 a8 %9°€6 | #1201 | TTIE€E dILLO+ST
T1:02:0 cv96 | %L°L9 | €9:99°0 | T¥:9CC | ¥¥:9C0 8€IT | %€'0L | T0'64:0 | 99°€€:C | ¥I:97:0 0L %G°€6 | 9T:90°T | 0€°62-€ JdI9LLO+MVT
L4°C20 6CTTT | %8'CS | T1:29°0 | 02'80:C | LT:€E:0 208V | %09 | ¢V¥S:0 | 67°1CC 8¢:6¥:0 T€0T %T 19 | 62950 | LG8TC | IR LO+dUHS
16120 10121 | %9°09 | LZ:¢S:0 | 21:9T°C | €5:0€:0 8897 | %S489 | €1:99:0 | LT°8T:C | S¢:97:0 1,6 %E°T9 | 0T:89:0 | G€:1¢°C | dAIPIIILO+TMIT
60:¢c:0 986TT | %9799 | 80:05°0 | €0:1T°C 80:¢€:0 cvIv | %0°99 | 8€:€S:0 | 10°¢2:C | 08570 006 %T 0L | €1°65°0 | P1:€€°C | DL ILO+dONT
¥1:92:0 6201 | %6°8S | 00:6%:0 | 6¥:C1:C 0€:9€:0 9cvy | %¥'69 | 80:TS:0 | L¥°9TC 8¢:€9:0 9241 %0°L9 | €T:¥5°0 | 1¢°STC ddI199I1L0+ST
6€:¢¢:0 007TT | %ET9 | AT:€G:0 | 9€:LT:C | LETED 61€V | %829 | 6€:79:0 | €4°GC:C | 97670 clel %0°29 | 9€:99:0 | §5:0¢:C | ddIPPILO+MV'T
G1:6¢:0 79601 | %¥'8% | €0:24:0 | 92°€0:C | 81040 CTlS | %V'8¥ | €0°24:0 | 92°€0:C | 8T 1T L8C¢C %V'8¥ | €0:24:0 | 9¢:€0:C S[PI-UON+JHHS
8€:8¢:0 GG0CT | %L'6V | 8C:€S:0 | L¥'S0C | S§S67:0 987G | %L'6¥ | 8C€S0 | LV:G0:C | LETTT €6€C %L'6Y | 8C:€S0 | L¥*S0:C OIPI-UON+MDT
TG:LC0 IV8TT | %86¥ | LE:67:0 | LO:F0C | SGELV0 COVS | %86¥ | LE6V0 | LOFO:C | TT-0T:T §vee %8°6¥ | LE:6¥:0 | LO¥0:C O[PI-UON+JOIN'T
Gr:1€:0 0000T | %0°0¢ | 9€:9¥7:0 | G1:€0:C | €¥°TS0 000¢ | %0°0¢ | 9€:9%:0 | CT-€0:C | T0-0TT 004¢ %0708 | 9€:9¥-0 | TT:€0°C O[PI-UON+ST
10:62:0 SOPTT | %E'8Y | 99:¢9:0 | €C'¥0C | ¥1:04:0 6929 | %E'8Y | 95°¢4:0 | €C¥0:C | LTTTT 8T€T %€ '8Y | 99:24-0 | €¢¥0°C O[PI-UON+MV'T
rgimla [ 25 <] o< [ soms [ weon | [qymld | s < | oL < | 2op3s | weoy [ [ylmla [ “ffn <] o1 < | 4op3s [ weopy | somseopy \ sowrjod
sS4 7 E100af PR ELEINS sAY 7 oIl ], W)SAS saYy oIl ], W)SAS

%ot %T
ay aard

%aT
aard

*91e1G-1udisued] ui yiomia doys-uad( wopuey e ul |§ INOYIUM pue YyHm saiijod Sulnpaydg juaiajyiq JO aduewlojiad aSesdny ayl  J djqel

Manufacturing & Service Operations Management (10.1287/msom.2016.0591)

9¢:61 €LCC | %0°9S | 16001 | 0€:07C T1:0€ 09 %V°99 | 8€:L0T | 0€:°65:C 484 4 %6°69 | 87901 | ¥¥°6¥:C ddLLO+dYdS
EV61 €LES %E 19 | SS:€0'T | TE8F'T €0°T¢ 19 %L69 | €S €T T | #PIT:E 0g:9v T %9°CL | VST | €S:61:€ dILLO+MDT
G€:0c C8LS | %8'€9 | 99001 | €9°6V:C €1:¢€ 189 %T1°0L | 92-0T:T | OF:80:€ 04:8¥ a8 %V'eL | ETVIT | GTLTE ddLLO+dONT
80°€C V6VC | %8'8S | 8CLG:0 | 8ETIV'C €CTE ycl %899 | T€€0:T | €€:9S:C I8V €T %V'69 | LT:60°T | #¥:L0€ ddLLO+ST
[444 99€€ | %1°C9 | LT¥0-T | €9:04:C G0:¢€ 99¢€ %6°89 | 8€:60:T | §:90:€ 08 v¢ €8 %869 | TCET:T | 8T TT:€ JdILLO+MVT
VeTe | Lo9h | % 1S | 89'8G0 | 6676 | 999 | Lol | %L'9S | 0SI0T | Lviebic | eeics 09T | %92 | £2:20°L | PSLE®T | dAIPOULO+dHAS
1G:1¢ 94¥¢ %L9S | P1:10:T | 9C:1¥:C gg:ge jdidd %8°'€9 | L0:90:T | 9€:99:C 8787 44 %9°CL | 8T:TIT | G0:9T:¢ | JIIPPILO+MDT
10:2¢ L1€9 | %0°LG | €T:84:0 | L0:0¥:C 9€:9¢ ¥6S %V'¥9 | T9:C0°T | TE:€SC c0-6¥ 0¢ %T'9L | #7601 | 8T:0Z:€ | IR ILO+dONT
0€:9¢C €9V | %BF¥S | ©T-95°0 | BE:9EC 80:6€ LTOT | %L°8S | BE€:6S9:0 | 69°€VC L€:99 1ve %G'8G | €€°10°T | TT:S¥C dIIRPLILO+ST
€0-7C €169 %6°€S | #2:¢0'T | L1:0%:C TG:8€ 0TET | %865 | 61:70'1 | PI:8%:C ¢0:9¢ €3¢ %6795 | 02 F0°T | €T¥¥:C | dDdIPPLO+MV'T
£€160 | G298 | %ELV | 8GLG0 | 6968 | LTS | 6098 | %ELV | 8GLG0 | 6565 | VR0 | 69ST | %ELY | 8GLG0 | 2S°65°C | OIPIUON T HHS
90:LC 0T¥CT | %9°6S | LP:10°T | 8T:0¥%°C ST-0¥ ¥e8y | %9°6S | AV TOT | 8T:0%:¢C 00:8¢ 8¢¢T %9°GS | LV:T0'T | 81:0%:C OIPI-UON+MDT
[484 VILZT | %C LS | 6C:LS0 | €S6E°C 90:0% SYLY | %C' LS | 62°LS°0 | TS'6ET 9€:.L9 gcel %C LS | 6C:LS0 | TS6E°T OIPI-UON+JOIN'T
7E€E 2008 | %0°0S | ©5:¢S:0 | 0¥:0¢:C [ 14 €007 | %0°0S | €5:¢S:0 | 07:0€°C G€:€0°T 0002 %0°0S | €525 0 | 07:0€:C 9[PI-UON+ST
60:6C ¥6L6 | %¥'6¥ | 80:CO:T | CC¥ET 8E TV L10V | %¥'6¥7 | 80:CO-T | €T-¥€:C | €€:00°1 G191 %V'6¥ | 80:CO:T | CT¥ET O[PI-UON+MV'T
I [ 200 o< | aopys | weoy | [quimla | or< | <2< | 2op3s | wes | [gylmlag [ %AiL< | «L< | Aop3s | uesy | seansesqy \ semrod
SIM 7 oL ], wWosAg SIM 7 ow T, We)sAg S oL ], WSS
%0t e BT
) L gl ayl




Manufacturing € Service Operations Management (10.1287/msom.2016.0591)

9000
8000 4
v
\
7000
‘\ -k
\ .-
6000 v Camexn
& \ L
& 5000 e T
o A p Ay -
S -+ - T RF(10%)
£4000 = - n TARF(5%)
\
= \ —e—T"RF(2.5%)
3000 R
\
2000
10%
1000 T T T PrTY
10*
0
2:30:00 2:32:53  2:35:46 2:38:38  2:41:31 2:44:24  2:47:17
Mean Total System Time
Figure 6

Tradeoff curves of S| modification corresponding to T4 %, TRF

SF, and T/tE . Non-idle LS policy
corresponds to the left-most point on each curve.



