IEEE Access

Multidisciplinary : Rapid Review : Open Access Journal

Received January 7, 2021, accepted February 2, 2021, date of publication February 5, 2021, date of current version February 16, 2021.

Digital Object Identifier 10.1109/ACCESS.2021.3057362

Spatial-Temporal Adaptive Optimal Allocation
of Archival Tasks

CHEN LILAN“" AND CHEN YONGSHENG?

!'School of Foreign Languages, Guangdong Pharmaceutical University, Guangzhou 510006, China
2School of Information Management, Sun Yat-sen University, Guangzhou 510006, China

Corresponding author: Chen Yongsheng (cyszd111@163.com)
This work was supported by one of the Major Projects of National Social Science Fund of China No. 17ZDA200.

ABSTRACT Archival task allocation for Modern Canton Customs (1861-1949) is a heavy workload
due to the massive quantities of data. An archival task allocation system is used to make the allocation
process easier. However, traditional methods applied in the allocation system lead to lower efficiency
and waste of human force because of the irrational hypotheses. This article presents two algorithms of
allocating to spatial-temporal system users based on the heuristic rules, namely offline (ALGOqpr) and
adaptive (ALGOxp) allocation algorithms, which significantly improve the performance of the archival task
allocation system. With simulation data and authentic data, ALGOAp, by employing just 48 percent of the
system users, can achieve the same accuracy rate as the commonly used circular policies. And the additional
experiments with simulation data composed of the randomly selected system users verify the following
conclusions: (1) the adaptive method is better than the offline task allocation method; (2) the adaptive
algorithm can save more human force even when the skills of adaptive archive allocation system users
and the difficulty of the archival translation tasks are varied; (3) the adaptive algorithm has continuability
without affecting its performance; (4) the adaptive method saves resources even when the completion time

the adaptive system users spend on archival translation tasks is different.

INDEX TERMS The adaptive archive allocation system, offline allocation, online adaptive allocation.

I. INTRODUCTION
Modern Canton Customs archives (1861-1949) reserved in
Guangdong Provincial Archives are massive in quantities,
including 16115 volumes and more than 3.7 million pic-
tures [1]. Since the current archival task allocation algo-
rithms make too strict hypotheses to be applied to the archive
allocation system, how to efficiently allocate the massive
modern Canton Customs archives to the significant number of
adaptive archive allocation system users is still a problem to
be solved. For instance, they usually make at least one of the
following hypotheses, (1) allocate archival tasks in sequence
completely; (2) the system users are willing to wait for the
archival tasks to be fulfilled; (3) the quality of the system
users’ archival answers can be calculated in real-time. The
three main constraints above lead to lower efficiency and
waste of human force in the allocation system.

Law & von Ahn [2] described two models to solve the
problem, i.e., the pull model and the push model. With the
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pull model, the system users actively select archive tasks in
accordance with conditions such as the price and keywords;
Lu Y [3] built a model of the benefit of each of a plurality
of computing tasks under uncertainty as a function of com-
puting resources invested in each of the computing tasks.
While the popular push model directly allocates archival tasks
to the system users [4], [5]. These two models are based
on the source distribution principle applied in many fields:
Harberger etc [6] studied monopoly and resource allocation
from the view of the economy. R. Rajkumar. etc [7] proposed
an analytical model for performance-driven resource alloca-
tions, which is basic and flexible. Under cloud computing
background, Gawali etc [8] make use of a heuristic approach
combining the so-called analytic hierarchy process (MAHP),
scheduling optimization, and processing time preemption for
a better resource allocation. Ideal archive allocation sys-
tem [9] will allocate simple tasks such as archival translation
tasks to the unskilled and difficult ones to the skilled. The
increasing accumulated data on the system users [10]-[12]
and the archival tasks make it possible to improve this allo-
cation process.
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In essence, the ideal practical archival task allocating sys-
tem should be totally unsupervised [13], [14]. In addition,
the system should allocate the archival tasks to all avail-
able system users in parallel, since making the system users
wait for archival tasks for long will reduce the system effi-
ciency, frustrating users’ enthusiasm. Finally, the archival
tasks should be operated in real-time so that the system users
not need wait for too long for archival tasks.

The article studies the archival translation task alloca-
tion algorithm satisfying these needs to realize the adap-
tive archive allocation system. The modern Canton Customs
archival translation tasks are of different difficulty levels.
Suppose the task allocation server can visit the system users
with different skills and allocate archival translation tasks to
the system users, making all the available users have tasks
to fulfill. By observing the system users’ responses who
have finished the archival translation tasks and collecting
votes by majority votes or Bayesian methods, the system
estimates the confidence of the system users’ archival trans-
lation answers. The system’s objective is to ensure that the
system users can fulfill all the archival translation tasks as
accurately as possible after a fixed amount of task allocation.
The modern Canton Customs archival translation tasks in the
adaptive archive allocation system cover archival documents
of different types and different difficulty levels. Suppose the
difficulty of archival translation tasks and the system users’
skills are set, laying the foundation for other cases and is
one practical application. The effective heuristic functions
with the series of archival translation tasks have some of the
domain-specific features (e.g., Customs jargons [15], proper
names [16]the factors and formats of official documents),
enabling the system to estimate the difficulty levels of the
modern Canton Customs archival translation tasks.

In this work, we propose two algorithms for the sys-
tem to allocate archival tasks: the offline and the adaptive.
1) ALGOoFr, constructed on the objective function and
expected information gain module, can efficiently realize the
close-to-the-best allocation. 2) ALGOap, one adaptive algo-
rithm, is for the adaptive archival task allocation ALGOAp.
As the continuation algorithm of ALGOap, ALGOgN is
applied to larger scales of the adaptive allocation system users
and archival translation tasks. Finally, ALGOgT is shown
as the real-time algorithm for cases when the time system
users spend in fulfilling archival translation tasks is different.
The experiment with a proper name matching tasks shows
that the optimal allocation algorithm in the adaptive archive
allocation system uses only 48% of users. The typical circular
policy needs to achieve 95% of the maximum accuracy, much
saving system users.

The article is organized as follows. Section II makes
a introduction of allocation parameters definition and the
objective of before math model setup for archival task allo-
cation. In Section III, we show how the two algorithms,
ALGOgFr, ALGOp, and their extension version for differ-
ent situations, make optimizations for a better performance of
the archival translation task allocation system. In Section IV,
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we validated the effectiveness of the proposed algorithms.
Section V provides conclusions for this article and plans for
future studies.

Il. TASK DEFINITION

The system assumes a group of adaptive users W and archival
translation tasks Q, the difficulty (or potential) of each task
g € Qis dye [0, 1], the skill parameter for each user (or
potentia) w € W is p, € (0,00). The assumption of
users w, the probability of accurate answers to task ¢ and the
task difficulty d,e [0, 1] satisfies the monotone increasing
function P(d,, y,,). Thus we adopt formula (1) as the skill
function:

1 n
Py, y) = 5 (14 (47 0

Suppose the system visit the system user pool and ask
the users to provide the answers for the allocated archival
translation tasks. The user pool is the subset of W, made up
of the available system users at a given time, and the user
pool is dynamic, that is to say, the system users can come and
go at will. We assume that it is of regularity when the users
disappear or reappear in the system, and the interval between
disappearance and reappearance is equal to the time users
spend in finishing translating one archival document, and we
term such a task allocation as a round. At the beginning of
each round, the algorithms in this article assign the archival
translation tasks to all available system users P, € ‘W, and
the users’ translation answers and the probability of the task
fulfillment will be collected at the end of each round.

While assigning the archival translation tasks to the system
users, the algorithms try to maximize some utilities within
a temporal interval T after fixed rounds. In order to make
every system user participate in and finish as many archival
translation tasks as possible, in each round of t = 1, ..., T,
the methods proposed in this article will allocate each user
in the system user pool P; one archival translation task, and
let each allocation algorithm have fixed n task requests in the
shared adaptive archive allocation system.

A. THE OPTIMIZATION STANDARDS

Various utility functions U (S) can be used to optimize
the adaptive archive allocation system [17], and the nat-
ural utility functions are constructed with the expected
value gain obtained by observing a group of system users,
where § € 2@*W) denotes allocating archival trans-
lation tasks to system users. Specifically speaking, let
A = {A1,A2,...,Aqg)} be the random variable set
of accurate reference archival translation answers, X =
{Xgwlge Q Aw € W} is the random variable set corre-
sponding to the system users’ archival translation answers,
Xs denotes the subset of the archival translation answers X
corresponding to the archival translation task set S. The pre-
diction uncertainty of set A is quantified with the information
entropy H (A) = — > ,cioma P (@) logP (a), where the set A
covers all possible task answers to the variables in A, a is a
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vector representing an archival translation task. The condi-

tion entrop H((A|Xs) = — > s cdoma P (a,x)logP(alx)
x € domXy

denotes the prediction uncertainty made after observing the

system users’ archival translation answers corresponding to
the variables in set X,.

Due to the independence of the reference answers to
the archival translation tasks and the system users’ archival
translation answers, we get P(a,x) = [] 4eQ P(ay)
[ Tvew who answered g P@q,wlag), where P(xq laq) depends on
the system users’ skills and the archival translation task diffi-
culty, as shown in formula (1).

We define the value of the archival translation tasks-system
user allocation as the expected reduction of the archival trans-
lation task entropy:

Uic(S) = H(A) — H(A|Xs) @

B. THE DIMENSION OF ARCHIVAL TRANSLATION TASKS
This article focuses on the archival translation task allocation
in the following three aspects:

1) The offline and online (adaptive) task allocation con-
struction. In the offline (or static) condition, before the first
round, the system chooses a complete archival translation
task set 7' and allocates the tasks in it to each system user
once, and the task set remains unchanged when the users
submit their translation answers. The offline task allocation
is the only option when the system users’ archival translation
answers cannot be collected in real-time. Though this article
puts forward the ALGOqpr algorithm for offline archival
translation cases, the experiments prove that the adaptive
ALGOap algorithm performs better than the offline algo-
rithm ALGOQEE.

2) The linear and parallel employment. One critical prob-
lem for online allocation is the number of system users
employed in a specific round. Suppose the number of users
to be employed is n, the best policy is to allocate tasks to
the users sequentially, one user one round, so as to make the
best use of such information in allocating the rest archival
translation tasks. Such a policy cannot be realized in most
situations, especially in the case of larger scales of China’s
Imperial Maritime Customs archival translation tasks, since
if one system user goes wrong, it may waste most users’ time
demotivating them by making them wait for long. Therefore,
this article tries to allocate the archival translation tasks paral-
lelly to the system user set, which contains all available users
while allocating certain tasks.

3) The known and latent system users’ skills and the dif-
ficulty of the archival translation tasks, which are the key to
the matching between the archival translation tasks and the
system users. The best policy is to allocate the most difficult
task to the most skilled and the simple ones to those unskilled.
Since the system users generally establish long-term relation-
ships with the task requesters, with the aggregation of the
system, EM policy can estimate the accuracy of system users
with fewer samples.
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When the system users’ skills or the difficulty of archival
translation tasks are unknown, the task allocation will have
the exploration-exploitation balance problem. For instance,
asking one golden question with a known answer can esti-
mate information related to system users’ skills. Of course,
we shouldn’t ask questions whose answers are unknown even
to the system.

IIl. OFFLINE ALLOCATION

This article first deals with the simplest method of task allo-
cation, whose solution provides a foundation for the more
powerful algorithms. Suppose an adaptive archive allocation
system [20] can allocate archival translation tasks to a system
user set and can observe their translation answers only after
all the users submit their archival translation answers. Thus
it cannot allocate new tasks until all tasks in one round
are fulfilled because of the inconsistency of the submission
time of users’ translation answers. This article also supposes
that the adaptive archive allocation system can compute the
difficulty of archival translation tasks and the system users’
skills by itself.

Theorem 1: Tt is NP difficult to find a way to allocate
archival translation tasks to system users to maximize the
arbitrary utility function U (S).

Proof: We prove this theorem by simplifying the archive
allocation problem as offline adaptive archive allocation sys-
tem. Suppose an instance of this problem is a set X containing
n archival translation tasks and the function s:X — Z*t,
the partition problem is equivalent to whether the set X can
be divided into two subsets X; and X, (s.r. ZXGXI s(x) =
Y cex, SG).

We construct an offline adaptive archive allocation system
to solve the partition problem instance. For each archival
document x; € X, suppose the corresponding system user
wi € W, skills yi = s(xj)/maxyexs(x;), and base-
line is 1. At the same time, we set two archival trans-
lation tasks with the same difficulty d to be ¢; and g3,
then the utility function U(Sy,). If the system user w is
assigned the archival translation task ¢, the probability is 1.
Let f(S,q) = log[}_, Sqwyw + 1], the utility function
U©S) =Y,/ 9.

For the optimal solutions S in the adaptive archive alloca-
tion system constructed above, if f (S, g_1) = f(S, ¢2), the
corresponding partition problem is true.

=: Suppose X7 and X, are subsets of the set X, which
have the same total number of archival translation tasks. The
optimal solution § of the adaptive archive allocation system
allocates the two archival translation tasks ¢q; and g» to sys-
tems users with different skills, making their skills equal with
monotonous module algorithm and submodule algorithms to
improve the utility function U(S) and proves S is suboptimal,
thus proved.

«: Suppose S is the optimal solution to archival translation
task s.z.f (S, g1) = f(S, ¢2) in the adaptive archive alloca-
tion system, then the system users’ skills for each archival
translation task are equal, and the solution to the partition
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problem is reasonable, i.e., the corresponding partition prob-
lem is true.

Considering the intractability of this problem, we put for-
ward the approximation method. The idea of the submodular
combination is that if eachA C B C N,e e N: f(AU {e}) —
f(A) > f(BU {e}) — f(B), then the function f:2N — R is
submodular. If each A € B € N : f(A) < f(B), then f is
monotonous.

Theorem 2: When the system users’ skills and the dif-
ficulty of archival translation tasks are known, the utility
function Uyg(S) of the value of archival translation answers
are monotonous submodular in the set S.

Proof: Suppose the system users’ skills, the difficulty
of archival translation tasks, the real reference answers to
the archival translation tasks, and the system users’ votes
are independent. The expected value gain function Uyg(S)
of the archival translation answers are submodular and
non-degressive.

The proposed optimization is constrained by the base-
line T, i.e., the system cannot allocate system users more than
T tasks. Suppose M = (N, I), where M is the linear indepen-
dence in the vector space, N is the baseline set, I € 2N is the
task subset in set N. If we partition N = Q x W into the
mutually disjoint set B,, = {w x Q}, which corresponds to
the archival translation task set possibly allocated to system
user w, then we can construct the expected partition matrix
by defining an independent set containing at most 7 tasks in
each set.

With the greedy selection process shown in Algorithm 1,
ALGOgFr can induce the following theorem:

Algorithm 1 Offline Algorithm ALGOqFr
Input: system user set W,the prior P(a) for all answers,
the unobserved vote set Xg, the baseline T and the initial
value S;
Output: the archival translation tasks in set 8 allocated to
system users.
for sorted w in (W.key = y,,) do
fori=1to T do
Xy < {Xgw € Xglw =w'}
for X, w € X,, in vote set Xz do

AX < H (Ag|x) — HXg. 8, %)
end for
X* « argmax{AX : X € X,,}
Set§ «— S U {X*} and Xgr < Xr\{X*}
end for
end for

Theorem 3. Suppose S* is the archival translation — system
user allocation, which has the highest value gain of archival
translation answer Uy, the archival translation task set S
is found out by greedily maximizing Uyg, then Uyg(S) >
1 *

5 UvG(S™).

ALGOgfrr allocates archival translation tasks to each

system user independently by taking advantage of the
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Algorithm 2 The Adaptive Algorithm ALGOap
Input: system user set W, the prior P(a) for all
answers, the unobserved vote set Xg, the baseline T,
x <« 0.
forr =1to T do
S; <= call ALGOorr (T = 1,8 = 0)
Observe xs, and set x <—x|_J xs,
:x:R < :X:R\S[
Update prior as P(a|x)
end for

monotonously increasing property of formula (1) in the sys-
tem users’ skills and improves its performance with the sub-
modular evaluation. In Algorithm 1, the greedy algorithm
selects system users by the descending order of system users’
skills from high to low. But the experimental results prove
that arranging system users’ skills by the ascending order
from low to high, allocating simpler tasks to system users
with lower skills can greatly improve the performance of
ALGOQFF.

IV. THE ADAPTIVE (ONLINE) ALLOCATION

The adaptive ALGOgqFF algorithm is the static allocation and
cannot be adjusted with the system users’ archival trans-
lation answers. However, most adaptive archive allocation
systems [21] can acquire the interim output while system
users try to fulfill the assigned archival translation tasks. The
task allocation may assign a simple archival translation task
with the answers of different qualities to more system users.
This article tries to prove the adaptive archive allocation
algorithms can attract all available system users at each point
in time.

Unlike the offline setting, the optimal algorithm of online
setting aims to compute an adaptive way to establish adaptive
allocation tasks rather than fixed tasks. This problem can
be seen as a POMDP formally. Set the state space A to be
the set of answers to all archival translation tasks in set Q,
the state of POMDP keeps unchanged, with the purpose of
estimating the hidden state a*, which is the real reference
answer vector to all archival translation tasks in set Q. In each
round ¢, the observable actions correspond to the whole task
set S; € 29%Pt assigned to all the available system user
pool P, € W s.t., constituting the vector of system users’
answer set Xs,. Every system user can be assigned at most
one task each time. The optimal solution to POMDP is *,
the received observation set in each round up to round ¢ is
U;;}X,-, and 7 * satisfies the condition

_ i1
(Ul_x;) = argmax, E [U(U]HZI{S/' DI n(Ulelxi, U_, xi)}].

Almost all the current POMDPs methods only adapt to the
increasing linear utility function U, while the actions (the
assigned archival documents) in each round in the adaptive
archive allocation system is exponential, making it difficult
to handle such a dilemma in such cases.
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Though the selected archival documents increase and their
states are observed, if the conditional expected marginal ben-
efits won’t rise as the selected tasks increase, then the func-
tion f won’t satisfy the adaptive submodule of probability
allocation p, thus drawing the following conclusion:

Theorem 4: Though the difficulty of archival translation
tasks and the system users’ skills are known, the utility func-
tion of the value of the archival translation answers Uyg(S)
is still not adaptive submodular.

Proof: To guarantee U(S) is adaptive submodular, the
conditional expected marginal benefit of the archival transla-
tion answers submitted by system users won’t decrease with
the increase of observations. As a counter-example, suppose
there is a binary question with difficulty d = 0.5 and two
system users, whose skills are y; = 1 and y» — o0
respectively. If the prior probability of the answer to the
question is P(A = True) = 0.5, since he/she always provides
accurate answers, the expected information gain of the second
user’s votes H(A)—H(A|X>) is initially 1. Nevertheless, if the
second system user can observe the first user’s votes before
he/she votes, because the posterior probability P (A = True)
has changed, the expected information gain of the second
system user will be smaller than 1.

The experiments in the following part show that ALGOAp
saves more system user force than baseline algorithms.

The ALGOap algorithm can quickly allocate archival
translation tasks to all available system users, enabling users
to finish such tasks efficiently. The algorithm constructs the
utility function of archival translation tasks by estimating
the difficulty of archival translation tasks and the skills of
system users with questionnaires. When the archival trans-
lation tasks’ scale is large, then the tasks will be divided
into many subtasks to reduce their complexity. When there
are a great number of system users and archival translation
tasks, this article further puts forward the advanced algorithm
ALGOgN based on ALGO4p, reducing the allocation cost
of the archival translation tasks with the partition method
(|W]>+|W|C?), where C is the user parameter, denoting the
number of partitions. The C? in ALGOBIN refers to the
cross product of the difficulty partition C and the reliability
partition of archival translation tasks C (uniformly allocated
between 0 and 1).

In the initialization process, suppose the archival transla-
tion tasks are evenly allocated, the system arranges the system
users from high to low according to the average difficulty and
the reliability of archival translation tasks.

V. UNITS

A. EXPERIMENTS

This article tries to answer the following questions:
(1) How the adaptive method proposed in this article performs
well in practice? It’s answered by asking the system users
to finish a challenging matching exercise on proper names
in China’s Imperial Maritime Customs archives. (2) What
are the advantages of adaptive methods compared with the
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offline allocation method? It’s answered by observing the
average performance of many experiments with simulation
data. (3) How much benefit can the adaptive method proposed
in this article gain from the changes in the system users’ skills
and the difficulty of archival translation tasks? It’s answered
by simulating the different allocation of the system users’
skills and difficulty of archival translation tasks. (4) To what
extent are the methods proposed in this article suitable for
larger scales of system users and tasks? It’s answered by first
estimating the policy to allocate only one task to each system
user each round and then evaluating how the partition’s speed
gain influences the quality of the archival translation answers.
Customs archive proper names matching:

Column A Column B

1. Fei-sze-lae D Eg%

2. Hu Pih 2) H I

3. Hk Tls. 3) IRBE AR

4. existing duty and likin 4) FEEH Gk
5. Lappa 5)1EH

6. transit dues 6) PAT A % JEE 4
7. Yamén (1863) 7) KPR

8. bonded godowns 8) b Hh X

9. Yu-ch’uan Pu 9) HB A% &F

10. Annual Reports on Trade 10) KR

11. linguists 11) sk

12. Weichow 12) #tdt

13. barrier 13) THEH

14. Pakhoi district 14) B EEAE]

15. Presidentaial Mandate 15) ik

1) BENCHMARK

To evaluate the performance of the adaptive policy, this article
will compare the ALGOap based on the archival translation
value gain with other policies.

The Random policy (Ra). It refers to allocating each system
user one archival translation task randomly at each round.

The Circular policy (Cir). It arranges the archival transla-
tion tasks according to the votes obtained up to now, and iter-
atively allocates each system user random archival translation
tasks which obtain the least votes.

The Uncertainty policy (Unc). It arranges the system users
in the order from the lowest to the highest skills and allocates
users who are the most unskilled but haven’t assigned tasks
yet with archival translation tasks which have the highest
degree of label uncertainty but haven’t been assigned, and the
uncertainty is measured by the entropy of the posterior alloca-
tion of labels already received. It is different from the value-
gain-based ALGOpp in two aspects: (a) it never allocates the
same tasks to two system users in one round; (b) the task’s
difficulty is neglected while fulfilling the archival translation
tasks. Hence the Uncertainty policy can be regarded as a sim-
pler version of ALGOAp. When the difficulty of all archival
translation tasks is generally at the same level, the Uncertainty
policy’s performance and that of the ALGOyp is similar.
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The Accuracy-Gains policy (AG). It is similar to the
value-gain-based ALGOap, but tries to greedily optimize
the expected accuracy gains in each round, i.e., it tries to
find the archival translation tasks-system user allocation S to
maximize the formula I[E[ZqEQ (P(ag|Xs, 1 — P(ag|Xs)))].
Unlike the value-gain-based ALGOap, the Accuracy-gains
policy is not submodular, and the greedily maximizing system
user allocation process doesn’t have constant error even in
one single round. Despite this, due to its great heuristic power,
it provides a good option for the archival translation value
gains of the ALGO algorithms.

The following section will mark the value-gain-based
ALGOap as VG so as to compare it with other baseline
policies. Though the Random policy and the Circular policy
seem priorly inferior to VG, the relative advantages of the
other two policies are not known yet, and provide important
approaches for the practical operation of VG.

In the following experiments, all the baseline policies and
VG themselves will allocate archival translation tasks that
haven’t been allocated yet, until all the archival translation
tasks are allocated once, and then these policies perform
normally. This can guarantee all the predictions are based on
at least one observation and provide empirical advantages.

2) COMPARISON OF ADAPTIVE POLICIES

To test the performance of authentic system users and archival
translation tasks, this article selects a proper name matching
test. Since we want to compare the different policies on the
same data, we select 15 test questions, 120 system users, with
each user completing the whole matching test.

This article adopts the golden test answers to evaluate the
system users’ skills and the difficulty of archival translation
tasks and computes the maximum likelihood estimation of
these parameters with a gradient descent method. As men-
tioned above, by modeling the adaptive archive allocation
system and the archival translation tasks, these parameters
can be estimated with few figures.

Suppose every system user will be assigned to any of
the 15 test questions in each round. After each round, for
each policy, by applying the same EM process to the users’
answers, each question’s most possible answer is computed.
Based on the prediction, the accuracy of each policy in each
round can be calculated.

Figure 1 shows the performance comparison of the adap-
tive policies with the votes observed in the live experiment.
This article selects randomly 80 users from the 120 users
to do simulation experiments many times, getting the means
of the results and then computing the probability. Firstly,
it asks each system user to answer each question to acquire the
maximum accuracy, computes the expected accuracy as part
of the maximum accuracy, and then calculates the votes saved
by the adaptive policies compared with the Circular policy.
To get the same accuracy rate, all adaptive policies [22] need
less than 50% of the Circular policy’s votes to get 95% of the
maximum accuracy.
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FIGURE 1. Comparison of votes by different policies and the expected
accuracy function.

In Figure 1, compared with Cir policy, ALGOap (VG)
needs only 48% of the Cir policy’s votes to achieve 95% of
the maximum accuracy.

This article also uses the parameters estimated from the
live experiment to generate simulation data for the 30 test
questions and 120 systems users to distinguish the adaptive
policies by randomly sampling the system users’ skills and
the difficulty of archival translation tasks. Figure 2 displays
the experiment results. To achieve 95% to 97% of the total
accuracy (two-tailed paired test, p<0.0001), on the part of
the votes saved, VG is better than AG, while AG is better than
Unc, compared with the Cir policy. The results also show the
following three points:

ALGOaD (VG) saves the system users the most, followed
by AG and Unc.

All these three adaptive algorithms perform better than
non-adaptive baselines.

Though the ALGOap (VG) wins in all aspects, the other
variants of ALGOap (AG and Unc) perform quite well.

In Figure 2, the experiment with simulation data of the
system users’ skills and the difficulty of archival translation

Ra
—Cir
= Une

—VG

0 500 1000 1500 2000 2500 3000

FIGURE 2. Comparison of votes by different policies and the expected
accuracy function.
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tasks estimated from the live experiment shows that ALGOap
(VG) performs better than AG and Unc.

This article also compares these policies in the ALGORrt
setting, shown in Figure 3. To simulate the completion time
system users need in fulfilling tasks, this article adjusts the
completion time observed with log normal allocation and
samples from the allocation. Though there are minor relative
gains, the ranking of these policies is consistent with that
round-based setting, proving the methods proposed in this
article can be extended to authentic settings where the time
system users spend in completing tasks is different.
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FIGURE 3. Comparison of votes by different policies and the expected
accuracy function in ALGORy setting.

As Figure 3 shows, in the live experiment where the time
system users spend in fulfilling tasks is different, ALGOgrt
(VG) performs better than other policies even though the
system needs to allocate tasks to users in real-time when they
finish fulfilling tasks.

Figure 4 summarizes the relative savings of the policies
proposed in this article in the situations mentioned above
— the actual votes, simulation votes, and the simulation
votes for changeable completion time. Due to VG’s obvious
cross-scene advantages, the following section will describe
its performance with more simulation.

Figures 4 shows the comparison of savings among VG,
AG and Unc compared with the Cir policy to achieve 95%
of the total accuracy.

3) THE BENEFITS OF ADAPTIVE POLICIES
To determine the benefits of adaptive policies, by randomly
sampling the system users’ skills and the difficulty of archival
translation tasks, this article generates the simulation data
of 15 test questions and 120 system users.

Regarding the expected accuracy as part of the maximum
accuracy obtained by each user fulfilling one archival trans-
lation task, Figure 5 shows the relative savings of ALGOap
and ALGOgpr compared with the Cir policy. The simulation
in this article defines the task difficulty uniformly, setting
the system users’ skills to be the reciprocal 1/y ~ N
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FIGURE 4. The comparison of savings among VG, AG and Uyc.
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FIGURE 5. The comparison of savings between ALGO,p and ALGOqgf in
different accuracy settings.

(0.79,0.29), which is feasible, satisfying the estimation of live
experiments.

As Figure 5 displays, by adaptively observing and replying
tasks, ALGOAp saves more system users than ALGOQFF.

4) THE SYSTEM USERS' SKILLS AND THE DIFFICULTY OF
ARCHIVAL TRANSLATION TASKS
This section investigates how different parameter allocations
influence the performance of adaptive policies. With the
simulation data of 15 test questions and 120 system users,
as shown in Figure 6, and with the system users’ skills more
diverse, the votes ALGO4p saves increase compared with the
Cir policy. Sampling again to do experiments with the same
task difficulty and the previous system users’ skill allocation,
changing the standard deviation from 0 = Oto o = 0.2.
As mentioned above, the accuracy is still regarded as part of
the maximum accuracy of the given group of system users.
The larger the o, the better the performance of the algorithms
proposed in this article is, since they can make optimal allo-
cation by taking advantage of system users’ differences.
Figure 6 displays that the gains brought about by ALGOap
increase as the system users’ skills are more diverse.
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FIGURE 6. System users’ skill diversity and the gain changes of ALGO,p.

Maintaining the skill allocation unchanged and increas-
ing the difficulty diversity of tasks can also save votes. For
instance, compared with the Cir policy, sampling the diffi-
culty of archival translation tasks from the § allocation with
a single peak saves much less than uniform sampling or
sampling from bimodal allocation.

5) THE CONTINUABILITY OF LARGER SCALES OF ARCHIVAL
TRANSLATION TASKS AND SYSTEM USERS

To testify the speed and allocation performance of the
ALGOgN policy proposed in this article, we conduct data
simulation with larger scales of system users and archival
translation tasks (100 and 2000 respectively) with the same
archival translation task difficulty and system users’ skill set-
ting as in previous experiments with adaptive policies. With-
out constraining the number of system users simultaneously
performing a specific archival translation task, ALGOAp pol-
icy is not feasible for such scales of tasks. We first examine,
in each round, whether it’s the case that the limitation to the
number of system users to the same archival task leads to
the quality decrease of archival translation tasks. Limiting the
number of system users who fulfil the same archival transla-
tion task to one, two or three does not lead to a statistically
significant difference (at the significance level of 0.05, the
single-tailed paired t-test was used to measure the votes saved
to reach different thresholds).

Limiting the number of system users to each archival trans-
lation task to a smaller figure can reduce the allocation time
ALGOAap needs to 10-15 seconds in each round (100 system
users), which is longer than a fraction of a second, the allo-
cation time for 120 system users and 15 test questions. For
different numbers of system user sets (C € {20, 40, 80, 160})
experimented in this article, ALGOgy can allocate tasks to
system users within 3 seconds. ALGOgn adopts 0(|W|2)
algorithm to allocate tasks, which performs much better than
the non-partition O(|'W||Q|) algorithm.
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FIGURE 7. The influence of the increase of parameter C on the
performance of ALGOg,.

Figure 7 shows that increasing parameter C that dominates
the number of partitions can extend ALGOgjn to approximate
ALGOQFF.

The smaller the partition set, the closer to the true utility
value, thus when the value of parameter C increases, the per-
formance of ALGOg|y is close to the non-partition algorithm.
Figure 7 shows the experiment results. Compared with the
non-partition method, the accuracy of ALGOgyy is slightly
lower, proving that such complex methods as adaptive parti-
tion may also bring about more benefits.

VI. CONCLUSION

In the adaptive archive allocation system, it is important to
allocate simple tasks to the unskilled and the difficult ones
to experts. Since the users are not so patient, the system
should allocate the archival translation tasks parallelly to all
available system users to fulfill archival translation tasks.
Unfortunately, it is difficult to optimize the allocation of
archival translation tasks to users, even if the users’ skills and
difficulty are known.

This article introduces the adaptive archive allocation sys-
tem, describing its space based on the adaptiveness, paral-
lelism, and the amount of known information, and proves
that the submodularity of the objective function (the expected
value maximization of archival translation answers) can be
rationally approximated even if the offline task allocation is
NP-hard. This article introduces two algorithms, ALGOQFf
and ALGOpp, to perform offline and online parallel task
allocation. The experiment with proper names matching task
shows that the optimal allocation algorithm in the adaptive
archive allocation system uses only 48% of users that the
standard circular policy needs to achieve 95% of the max-
imum accuracy, significantly saving system users. Besides,
this article also brings about ALGOgjy (a system that can be
extended to larger scales of system users and archive allo-
cation tasks) and ALGORr (a suitable system for situations
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when the time users spend in fulfilling archive tasks is
different).

In the future adaptive archival task allocation, it is hoped to
relax the perfect hypotheses about system users and archival
tasks. At the same time, this article hopes to further deep
learning [17] and new technology [18], [19] to study such
situations as different adaptive archival task requesters use
the same system and the allocation algorithms need to balance
system users among different types of archival tasks.
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