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Abstract
Over the years, government service provision in China has
been plagued by inefﬁciencies. Previous attempts to address this challenge following a toolbox e-government system model in China were not effective. In this paper, we report on a successful experience in improving government service provision in the domain of social insurance in Shandong
Province, China. Through standardization of service workﬂows following the Complete Contract Theory (CCT) and
the infusion of an artiﬁcial intelligence (AI) engine to maximize the expected quality of service while reducing waiting
time, the Smart Human-resource Services (SmartHS) platform transcends organizational boundaries and improves system efﬁciency. Deployments in 3 cities involving 2,000 participating civil servants and close to 3 million social insurance
service cases over a 1 year period demonstrated that SmartHS
signiﬁcantly improves user experience with roughly a third of
the original front desk staff. This new AI-enhanced mode of
operation is useful for informing current policy discussions
in many domains of government service provision.

Figure 1: An example hierarchical organizational structure.

services, even moral hazard behaviours (Hölmstrom 1979),
frequently occur. The prevalence of poor quality government
services in China has reached a high level. This prompted the
State Council of the People’s Republic of China to issue ofﬁcial reports detailing the difﬁculties facing residents requiring government services (SCC 2016). The most frequently
mentioned symptoms of poor quality government services
include procrastination, evading responsibility, abuse of discretion, exchange of favours based on “guanxi” (i.e. personal relationship) (Park and Luo 2001), residents having to
go through multiple government departments for one matter (sometimes repeatedly) and long waiting time. The poor
quality of government services in China has contributed to
social dissatisfaction (Easterlin et al. 2012).
Over the past decade, efforts to improve government service provision in China started to emerge (Nat 2005). Electronic government (e-government) has been identiﬁed by
China as an important means for enhancing residents’ access
to government services. The application of e-government
in countries such as the United States and Singapore has
demonstrated great effectiveness in acting as a medium for
delivering better services to residents and improving internal efﬁciency (Bertot, Jaeger, and Grimes 2010). The currently deployed e-government system in China (Seifert and
Chung 2009) did not focus on breaking down the organizational boundaries across multiple government departments
which are impeding task-oriented workﬂows, but are instead
similar to electronic toolboxes for improving individual civil
servant efﬁciency (Zhang 2002; Holliday and Yep 2005;

Introduction
The Chinese government organizational structure follows
a top-down tree-like hierarchy (Horling and Lesser 2004),
which is designed to provide effective control from the top
level to the grassroots level. A similar structure can be found
within each government organization. Under such a structure (Figure 1), ofﬁcial communications between leaf nodes
need to be routed through their parent nodes. This sacriﬁces
efﬁciency for control. Government services provided to Chinese residents (e.g., claiming social insurance beneﬁts, setting up an enterprise) are superimposed on top of this hierarchical structure. Most of the time, residents only directly
deal with the leaf nodes which are the executive branches
providing government services. A service may require several leaf nodes (not necessarily all from the same organization) each capable of rendering part of the service to form a
workﬂow like the scenario shown in Figure 1.
The inefﬁciency in Chinese government service provision
has given rise to an environment in which poor quality of
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Li 2005; Seifert and Chung 2009). Thus, they have been
largely unsuccessful in addressing systemic inefﬁciencies.
To address the limitations of the existing Chinese egovernment model and improve the quality of government
services, we propose the Smart Human-resource Services
(SmartHS) social insurance platform. The architecture of
this platform was inspired by the Complete Contract Theory
(CCT) (Grossman and Hart 1983). Through the process of
standardizing service provision workﬂows for tasks involved
in social insurance, we have identiﬁed two main types of
complete contract relationships among the stakeholders. The
inefﬁciencies that exist in these relationships are the causes
of many of the aforementioned symptoms of poor government service provision in China. The SmartHS platform follows a cloud-based and service-oriented technology framework (Cellary and Strykowski 2009). It is a workﬂowbased information and communications platform. Enhanced
with an artiﬁcial intelligence (AI) engine based on multiobjective constrained optimization techniques, SmartHS replaces the current rigid organization-oriented government
service provision environment with one that is task-oriented.
A workﬂow is modelled as a series of alternating task execution stages and transition stages:

In this section, we provide a detailed description of the system architecture of SmartHS. We analyze the limitations of
the existing e-government system from the perspective of
Contract Theory, and explain how SmartHS addresses these
limitations by fundamentally changing the conditions under
which Chinese civil servants work and interact across organizational boundaries.

Figure 2: The workﬂow of a typical government service.
In general, a government service provision workﬂow consists of n intermediate steps (Figure 2). Sj denotes the
jth step (i.e. an execution stage) involved in the workﬂow,
whereas Tj (i.e. a transition stage) denotes the transition between Sj and Sj+1 . Tj often involves passing the output of
Sj (e.g., data, documents, decisions) to Sj+1 . Since we are
dealing with government services, which have precisely deﬁned pre-requisites, rules and regulations for each Si , the relationship between the civil servant responsible for each Sj
(i.e. the agent) and his/her superior (i.e. the principal) can be
modelled as a complete contract relationship (Grossman and
Hart 1983). Similarly, the relationship between the civil servant for Sj (i.e. the agent), who is responsible for passing the
output of Sj to the next step, and the civil servant for Sj+1
(i.e. the principal), who depends on the civil servant from
the previous step to pass the outputs to him/her, can also be
modelled as a complete contract relationship. Thus, when
designing SmartHS, we treat the workﬂow of a government
service as a chain of complete contract relationships.

1. During the task execution stage:
(a) Providing real-time status information about the workﬂow to the task requesters and the government organization involved, thereby enhancing the observability of
the agents’ (i.e. civil servants’) actions.
(b) Enabling performance information tracking and information sharing across organizations to support datadriven algorithmic management (Lee et al. 2015).
2. During the transition stage: the AI Engine optimizes the
delegation of the tasks to civil servants with the required
authority and competence to perform them to jointly maximize the expected quality of service and minimize the
expected waiting time (Yu et al. 2013a).

The Existing e-Government Model in China
Currently, there is no uniﬁed e-government system in China.
Technological tools have been provided to civil servants performing each type of tasks to help them enhance their individual efﬁciency. For example, for a civil servant in-charge
of digitizing medical bills needed for claiming social insurance, there are e-government toolkits to help him/her do so
with ease. However, these tools do not organize civil servants into workﬂows necessary to provide different types
of services. The burden of forming such workﬂows is often shared by residents who require such services and clerks
within government organizations. The inefﬁciency of such a
model can be illustrated with an example scenario of a resident ﬁling a social insurance beneﬁts claim (Figure 3).
In this scenario, the resident has to go to the front desk of
a service centre as his identity and employment relationship
documents need to be veriﬁed ﬁrst. This information has not
been integrated into the existing Chinese e-government social insurance system, and it has to be repeatedly veriﬁed for
each case. Once this step is completed, the supporting documents, together with an application form, are passed on to
the data entry clerk who uses an e-government tool to digitize these documents. Nevertheless, this step is for the purpose of making archival easier, and the original documents

In essence, SmartHS is a human-AI collaboration system
(Jennings et al. 2014). As the SmartHS platform does not
modify the actual incentive mechanisms (e.g., performance
evaluation, performance bonus calculation, and promotion)
which are currently in-place in the Chinese government, it
has encountered no resistance on adoption from the government organizations involved.
After being deployed in 3 Chinese cities for a year,
SmartHS has been used by 2,000 participating civil servants
to serve 2.92 million social insurance cases. It has been
found that residents have beneﬁted signiﬁcantly in terms of
the quality of services they receive. With only 37.5% of the
original front desk staff, SmartHS is able to accept social insurance service requests 10 hours per day, 7 days per week.
The average waiting time has been more than halved compared to the previous system, and the total distance travelled
by residents requesting social insurance services from the 3
cities is reduced by 2.61 million km (or 20.6%). The ﬁndings are useful for informing current policy discussions on
reforms on government service provision in China.
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Figure 3: An example scenario of a social insurance beneﬁts claim under the existing Chinese e-government system model.
still need to be delivered physically to the next step in the
workﬂow – beneﬁts calculation. In this instance, the data entry clerk is put in a position of power to determine how many
cases shall accumulate at the data acquisition step before he
makes a batch delivery to the beneﬁts calculation ofﬁce. He
can also determine, to some extent, which incoming case to
enter into the system ﬁrst. Such decisions can theoretically
be made based on considerations for efﬁciency, but in practice, are often inﬂuenced by personal preferences, the culture
of “guanxi”, and other forms of moral hazard. This similar
situation repeatedly occurs in each step along this workﬂow.
The civil servants in-charge of beneﬁts calculation, approval,
and payment are all put into implicit positions of power as
a result of the inefﬁciency in the system. Thus, they are exposed to opportunities of discretion. The only one who has
no opportunity of discretion is the one in charge of archiving
as the transactions effectively ended before this step.

through front desk staff in SCs in urban areas or community
service centres (CSCs) in rural areas.
Once the case is entered into the system, the digitized information is used to generate tasks which are automatically
delegated to suitable civil servants. Information required to
perform the task at each step is automatically assembled
by the system based on policy parameters, the standardized workﬂows and the civil servants’ roles. Once a task
is marked as completed, the outputs are used to generate
new tasks which are delegated to suitable civil servants selected by the AI Engine from a large pool of civil servants
for the next step of processing. The AI Engine uses the taskworker matching optimization approach published in (Yu et
al. 2013a) which will be explained in more details in the next
section (a more in-depth treatment of the approach, analysis
of its proximity to the optimal solutions, and experimental
comparison with alternative approaches can be found in (Yu
et al. 2017a)). The status of each service case is continuously
updated so that the requesting resident can track it online.
By providing a shared information infrastructure about
users’ identity, employment, and other important information related to social insurance claims in a secure and authenticated way, the transition stage can be fully automated
by the distributed multi-objective constrained optimization
approach which is implemented as a personal agent (Yu et
al. 2010; Shen et al. 2016) for each civil servant. This circumvents the need for using incentives to improve efﬁciency
in the transition stages, and eliminates the potential moral
hazard facing civil servants who used to be forced to determine how frequently to deliver required documents to the
next step in a given workﬂow. SmartHS changes the organization of civil servants from implicit positions of power to
roles in order to reduce moral hazard.

SmartHS
To address these challenges, the key is to change the working environment to minimize the inefﬁciencies which give
rise to moral hazard. In China, such inefﬁciencies are often
due to the existence of “guanxi” among people (Park and
Luo 2001). “Guanxi” refers to networks of informal interpersonal relationships that are characterised by the exchange
of favours. It is a cultural norm which has dominated Chinese people’s lives for a very long time. It is unrealistic to
expect that the effect of “guanxi” can be eliminated completely. Thus, in SmartHS, we use AI to automate key stages
in which “guanxi” may come into play to mitigate its effect.
Figure 4 illustrates how the same scenario under Figure 3
plays out under SmartHS. This time, the resident has more
channels for accessing the services. If his personal information has already been veriﬁed and saved into the system
(possibly through prior interactions), he can submit his service requests electronically using networked devices via personal or workplace Internet, or the Self-service Kiosks (SKs)
placed at the service centres (SCs) or other locations. Otherwise, he can still submit his service requests physically

Uses of AI Technology
In this section, we describe how we formulate the problem
of task delegation at each transition stage in a government
service provision workﬂow as a multi-objective constrained
optimization problem and adopted the approach from (Yu et
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Figure 4: A example scenario of a social insurance beneﬁts claim under the SmartHS platform.
type τ which either exceeded the normal required time or
(τ )
received negative customer satisfaction reviews. ci (t) ∈
(0, 1) with 0 indicating no competence in a given type of
tasks and 1 indicating completely competent in performing a given type of tasks. The personal proﬁle also con(τ )
tains a set of backlog queues qi (t) = (qi (t)) where τ
(θ)
belongs to a set of roles Ri for which the civil servant
(τ )
has a competence value ci (t)  θ. The threshold value
θ is set to 0.5 in SmartHS. If a civil servant’s competence
in a type of task drops below this threshold, the system
will issue an alert to his superior for necessary reviews.
At any given moment t, the total workload backlog for a
civil servant i, Qi (t) is computed as:
 (τ )
Qi (t) =
qi (t).
(2)

al. 2013a) to produce solutions in real time.

System Model
In SmartHS, the system model consists of a set of N civil
servants, a set of roles R = {r1 , r2 , ..., rK }, and a set of
tasks T = {τ1 , τ2 , ..., τL } at any given time t. The number
of civil servants and tasks at different times may change.
• Tasks are associated with task proﬁles. Each task of type
τ corresponds to a required effort level e(τ ) (represented
in proprietarily deﬁned Effort Units) which is determined
by the system designers based on advice from civil servants familiar with the task. The normal amount of time
required to complete a task of type τ , d(τ ) , is also deﬁned
based on past experience.
• Civil Servants are associated with personal proﬁles. Each
proﬁle contains a set of roles Ri a civil servant i can perform. Each role corresponds to one type of task. The personal proﬁle also tracks each civil servant’s competence
in performing a role. The competence is quantiﬁed by the
customer satisfaction reviews provided by the residents
who required the service, as well as the time taken to complete the given task in comparison to the normal amount
of time required for that type of tasks. A civil servant i’s
competence in performing tasks of type τ based on avail(τ )
able evidence at time t, ci (t), is computed based on the
BRSEXT method proposed in (Yu et al. 2013b) as:

The personal proﬁle also keeps track of i’s maximum
productivity μmax
which denotes the maximum workload
i
he/she can complete in a given working day. The ground
truth of the competence and the maximum productivity
values may not be directly observable. By tracking civil
servants’ past performance, they can be approximated.
By deﬁning tasks and workers around roles and competence, SmartHS takes a workﬂow-oriented approach to managing social insurance service provision. A workﬂow associated with each service can be broken down to small, welldeﬁned tasks which can be automatically delegated to civil
servants regardless of their physical locations, as long as
they are authorized to perform the required role and their
track records satisfy the required level of competence. The
problem of maximizing the social welfare among workers in
such environments is NP-hard (Yu et al. 2017a).

(τ )

(τ )

ci (t) =

τ ∈Ri

(τ )

αi (t) + 1
(τ )

αi (t) + βi (t) + 2

(1)

(τ )

where αi (t) denotes the number of tasks of type τ completed within d(τ ) and received positive customer satis(τ )
faction reviews. βi (t) denotes the number of tasks of
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Algorithm 1 SmartHS Task Recommendation

From the system perspective, the workload situation for each
civil servant can be modelled following queuing system dynamics as:
(3)
Qi (t + 1) = max[Qi (t) + λi (t) − μi (t), 0]
where λi (t) is the workload added into i’s task backlog at
time t and μi (t) is the workload completed by i at time t. In
the SmartHS platform, we adopt the DRAFT approach from
(Yu et al. 2013a) in the AI Engine to manage how tasks are
matched to civil servants in the system.
By modelling the congestion of workload among civil servants using the Lyapunov function (Neely 2010), DRAFT
formulates the problem of matching tasks to civil servants
as a multi-objective constrained optimization problem:
Maximize:
T −1
1  
(τ )
(τ )
(τ )
λi (t)[ρci (t) − qi (t)]
(4)
T t=0
(θ)

Require: The sets of new tasks at time t, Q(τ ) (t), ∀τ ∈
(θ)
(τ )
(τ )
(θ)
.
Ri ; qi (t) and ci (t) values ∀τ ∈ Ri ; μmax
i
1: ei (t) = μmax
i
(τ )

2: Sort all qi (t) in i in descending order of their

values;


(θ)
τ ∈Ri

(τ )

λi (t)e(τ )  μmax
, ∀i, t
i

4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:

(5)

(τ )
Ψi (t)
e(τ )

> 0 then
if |Q(τ ) (t)|e(τ )  ei (t) then
(τ )
λi (t) = |Q(τ ) (t)|;
else


(τ )
λi (t) = eei(τ(t)) ;
end if
(τ )
ei (t) ← ei (t) − λi (t)e(τ ) ;
else
(τ )
λi (t) = 0;
end if
end for
(τ )
return λi (t) for all τ ∈ Ri ;
if

(τ )

λi (t)  0, ∀i, t
(6)
Maximizing equation (4) jointly maximizes the timeaveraged expected quality of service and minimizes the
time-averaged waiting time which are the two main aspects
concerning customer satisfaction. Constraint (5) ensures that
new workload can be added into i’s backlog at
up to μmax
i
(τ )
any time t. Constraint (6) ensures that λi (t) cannot fall
below 0. For simplicity of discussion, we denote the term
(τ )
(τ )
(τ )
[ρci (t) − qi (t)] as the availability index Ψi (t). In the
SmartHS platform, the designers wish to give equal emphasis on enhancing quality of service and shortening waiting
μmax
time. Thus, we set the weight variable ρ to be i(θ) so that
(τ )
ρci (t)

(τ )

3: for each qi (t) in i do

i,τ ∈Ri

Subject to:

(τ )

Ψi (t)
e(τ )

(τ )
−qi (t)

Application Use and Payoff
SmartHS has been deployed in three Chinese cities – Dongying, Weihai and Yantai since December 2015. It has been
used by 2,000 participating civil servants for providing social insurance services to residents of these three cities. In
this section, we analyze the effects of the SmartHS platform on social insurance service provision. We compare
the performance achieved by SmartHS with data from these
three cities under the previous e-government system (eGov) following the toolbox model. The performance data
for SmartHS were gathered from January 2016 to December
2016 for 12 months.
Figure 5(a) shows the average time taken for the top
10 most frequently requested services under g-Gov and
SmartHS, respectively. The 10 services are ranked in descending order of the average time taken under e-Gov. It can
be observed that under SmartHS, the average time taken to
serve these frequently requested services has decreased signiﬁcantly. Under e-Gov, each of these 10 services requires
35 days on average. Under SmartHS, this average time is
reduced to 14 days, resulting in 59% shorter waiting time.
Figure 5(b) illustrates the cumulative percentage of services completed over different lengths of time for all available social insurance services. It can be observed that within
2 weeks’ time, e-Gov was able to process 22% of all requests, whereas SmartHS was able to process 38% of all
requests. Under SmartHS, 67% of all services can be completed within one month from the date of being requested,
whereas under e-Gov only 31% can be completed over the
same duration. All service requests under SmartHS can be
completed within 100 days. It takes 210 days under e-Gov
to complete all service requests.
Figure 5(c) shows the breakdown of the average time
taken for the different stages involved in the workﬂows for

|Ri |

the term
and the term
from equation (4)
can be of the same order of magnitude.
The algorithm SmartHS uses to recommend tasks to civil
servants is shown in Algorithm 1. As it requires only local information concerning a civil servant’s personal proﬁle
to compute the number of new tasks of each type to accept
into his/her backlog, it has been implemented as a personal
decision support agent. When there are new tasks posted,
agents receive information about the new tasks and each
computes how many new tasks of each type should be added
to its owner’s backlog in order to result in desirable collective patterns which maximizes the objective function. The
SmartHS platform then coordinates the allocation of tasks
to civil servants based on the distributedly computed task
acceptance results. Once a task is completed, if additional
steps are still required by the given workﬂow of the service,
a new task will be created based on the results of the current completed task which will be delegated by SmartHS
to other suitable civil servants following Algorithm 1 again.
In this way, the decentralized architecture combined with
a strong algorithm enables SmartHS to scalably translate
system-level objectives into individual-level task delegation
decisions to achieve high collective productivity.

7708

50
40
30
20
10
0

2

4

6
Service ID
(a)

8

10

10

80%
60%
40%
20%
0%

e−Gov
SmartHS
0

Batch
Individual
4

10

2

10

0

10

90
180
Number of Days Used
(b)

Pending
Execution
Transition
Stages of a Typical Workflow
(c)

12
Number of Service Transactions

60

x 10

6

100%
Average Time Required (Seconds)

Average Time Required (Days)

e−Gov
SmartHS

Cummulative % of Services Completed

5

70

10
8
6
4
2
0

e−Gov
SmartHS
CSC
SC
SK
PI
WI
Channels of Service Provision
(d)

Figure 5: Results: (a) the average time taken for the top 10 most frequently requested social insurance services in 3 Chinese
cities: Dongying, Weihai and Yantai; (b) the cumulative percentage of services completed within x number of days; (c) the
average time spent (expressed in seconds) on different stages of batch tasks and individual tasks under SmartHS (note: the
y-axis is drawn in logarithmic scale); (d) the usage patterns of different channels for accessing social insurance services (CSC:
Community Service Centre; SC: Service Centre; SK: Self-service Kiosk; PI: Personal Internet; and WI: Workplace Internet).
service provision under SmartHS. Tasks in SmartHS can
be divided into two categories based on how they are processed: 1) batch tasks, which require someone in a position
of authority to process multiple tasks in one go (e.g., authorizing payment); and 2) individual tasks, which can be
serviced immediately by one or more qualiﬁed civil servants
to whom the system can dynamically delegate the task based
on availability. Once a task is delegated to a civil servant by
SmartHS, it stays pending in his/her backlog until it is processed. This stage is referred to as the pending stage in Figure 5(c). For batch tasks, the average pending time is around
2 days and the average processing time is 6.5 days. For individual tasks, the average pending time is around 2 seconds and the average processing time is 93 seconds. Once
the tasks are completed, they are automatically forwarded to
the next step in the workﬂow by the AI Engine. Thus, the average transition time depends only on the system processing
time and the network transition time (between 3 to 5 seconds
).

0.57 million whereas that via WI is 0.41 million. Before
SmartHS, only 28% of all the requests were ﬁled electronically through SKs equipped with e-Gov. With SmartHS,
71% of all the requests are ﬁled online (via SKs, PI and
WI). Under SmartHS, an additional 0.72 million services
have been completed compared to e-Gov, which represents
a 33% increase. The change in usage patterns suggests that
residents prefer SmartHS over the old system. Under e-Gov,
each front desk staff needs to serve on average 7.9 social insurance service applications per hour. Under SmartHS, the
number of front desk staff was reduced by 62.5% and yet,
each of them only needs to serve on average 0.85 social insurance service applications per hour.

Table 1: The average travel costs by different channels of
accessing social insurance services for residents.
```
Travel Cost
```
Avg. Round Trip
```
Channel
``
SC
20km
CSC
4km
SK
1km
PI
0km
WI
0km

Figure 5(d) illustrates the different usage patterns under
SmartHS and e-Gov. Under e-Gov, residents can access social insurance services manually through SCs which are located in municipal areas, CSCs which are located in rural
areas, or SKs. As SmartHS can be accessed via any Internet
enabled device, residents can also use their Personal Internet
(PI) or Workplace Internet (WI) to obtain social insurance
services. During the one year period prior to the deployment
of SmartHS, CSCs served 0.36 million service requests. CSs
served the most service requests numbering 1.22 million.
Another 0.62 million requests were served by SKs. During the one year period after the deployment of SmartHS,
CSCs served 0.35 million requests, which is similar to eGov. This can be attributed to the relatively low Internet
penetration rates in rural areas in China where most residents have to access government services physically through
front desks. There is a signiﬁcant drop in the number of
services accessed through SCs in urban areas from 1.22
million to 0.50 million after the deployment of SmartHS.
SKs now attracts the most number of usage at 1.09 million.
The number of services requested via PI with SmartHS is

Avg. Time
3 hours
0.5 hours
0.17 hours
0 hours
0 hours

The change in usage patterns brought about by SmartHS
has also resulted in signiﬁcant savings on travel cost for
residents requesting social insurance services. The average
round trip distance and the average travel time required for
each channel of accessing social insurance services are listed
in Table 1. Under e-Gov, residents from the three cities travelled 12.70 million km per year to access social insurance
services. Under SmartHS, this distance is reduced to 10.09
million km even when the total number of services provided
increased by 33%. Overall, SmartHS, through re-designing
the system around workﬂows and innovative application of
AI techniques, saves the residents 35.4 years (or 17.3%) of
travel time and 2.61 million km (or 20.6%) of travel distance, enough to circumnavigate the globe 65.25 times.
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workloads to jointly maximize the expected quality of service while minimizing waiting time, the AI Engine helps
breakdown organizational boundaries and enables civil servants to work in an environment similar to deﬁned task
crowdsourcing (Doan, Ramakrishnan, and Halevy 2011;
Yu et al. 2015a; 2015c). Without modiﬁcations to the existing incentive structures in Chinese government organizations, the system has so far been deployed in three cities
in China. Over a 1 year period during which SmartHS was
used by 2,000 participating civil servants to serve close to
3 million social insurance service requests, the platform has
demonstrated signiﬁcant advantages in terms of improving
residents’ user experience through reduced travel costs in
ﬁling applications and reduced waiting time. The beneﬁts
brought by SmartHS have been noted by the State Council of
the People’s Republic of China (http://www.gov.cn/xinwen/
2016-03/13/content 5052885.htm). Further plans to deploy
SmartHS in more cities and other branches of civil service
in China have been put in place. The experience gained is
being analysed to advise related policies in China.
In future, we will investigate how to enhance the AI Engine to provide data-driven algorithmic management to support more complex collaborations among civil servants in order to further improve system efﬁciency. We are studying recent advances in AI literature including task sub-delegation
optimization approaches (Yu et al. 2015b; 2016) and the
mood-based productive laziness optimization approach (Yu
et al. 2017b). We are also looking into explainable AI approaches (Fan and Toni 2015) to automatically generate explanations on the AI recommendations to help government
ofﬁcials better understand the rationale behind these recommendations in order to improve user acceptance.

The SmartHS platform was developed using the Java Programming Language by Dareway Software Co. Ltd (http:
//www.dareway.com.cn/) located in Jinan, Shandong, China.
When developing the AI Engine, we have evaluated multiple potential algorithms which are capable of operating
under our system model including (Basu Roy et al. 2015;
Ho, Jabbari, and Vaughan 2013; Yu et al. 2013a). The decision for selecting (Yu et al. 2013a) is three fold:
1. (Basu Roy et al. 2015; Ho, Jabbari, and Vaughan 2013)
require integer linear programming (ILP), which has high
computational complexity, in order to solve the optimization problem. Thus, they cannot deal with the dynamic
changes in civil servants’ personal proﬁle information and
availability in real time. In comparison, (Yu et al. 2013a)
can be implemented as a distributed approach which is
highly scalable for handling such dynamic changes.
2. (Yu et al. 2013a) not only can offer provable performance bounds, but also enables the system administrator
to control the trade-off between expected quality of service and expected waiting time with a single control variable. Thus, it offers more ﬂexibility in terms of deﬁning
the overall collective productive behaviour by the participating civil servants.
3. As (Yu et al. 2013a) rotates the types of tasks to be added
into a civil servant’s task backlog at different points in
time, it helps reduce the monotony of work and thereby,
enhances the work experience for the civil servants.
The user interface of SmartHS for a civil servant is shown
in Figure 6. As it is developed for use in China, the language
used in the user interface is Chinese. The new tasks recommended by the SmartHS agent to this particular civil servant
at the time the screenshot was taken are listed in the red rectangular area labelled as “(A)”. The tasks in this particular
civil servant’s current backlog at this time are listed in the
green rectangular area labelled as “(B)”. This is the mechanism through which the AI Engine communicates with the
civil servants involved.
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Maintenance
As time goes by, there are additions of new workﬂows,
changes in personnel and changes in operating parameters in
SmartHS. Since the data concerning tasks and personnel are
separated from the AI Engine and treated by the task delegation approach as inputs, they can be easily updated without
affecting the AI Engine. The optimization algorithm rarely
needs to be modiﬁed. Since deployment in December 2015,
there has not been any AI maintenance task.
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