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Abstract

Due to the high cost for the health care resources for the patients in serious condition which re-
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quire intensive health care either in waiting or treatment state, this paper aims for optimal design
and control for this intensive health care system with a given patients’ arrival rate. Firstly, this
stochastic two-stage intensive health care system has been characterized by a two-node queueing
model. Secondly, based on the balance equations of the discrete-time Markov chain, the form of
the stationary distribution of this two-stage stochastic system has been analyzed. Deploying the
perturbed random walk which has a product-form solution and the Markov reward process based
approximation scheme, this paper finds the mean number of patients waiting in each stage, which
can be used to determine the optimal design for the beds in the intensive health care system.
Thirdly, when the medical resources are determined, using the queueing game theory, the equili-
brium arrive rate for the intensive health care system has been determined; finally, based on the
numerical example, it has been shown that our approach can be used to design and control for the
intensive health care system effectively. Our results can also be applied to the optimal design and
control for other two-stage stochastic system with high cost in waiting.

Keywords

Queueing Models, Intensive Health Care System, Optimal Design and Control

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

FRE P (191 oA ) B AF 5% [ 7 B U8 1) e A T S R e 10 4 1) e 2 L 5 L A R Y 1) B 2
oy, BEETHEZT AR, BT SRR R AR AT R S R R E B S . FEE IR
SIS, BT IR A, BT N BRI 2 RO A0 E RS A AR B . 10 EOE (9] i)
P B, ARERE A A . F AR AN 7 018 B /6 SR K B B AR R AR & 5. B2 st — A4
i B A R By R A By AR BRI o 5 — 5D, RERT R A2 I N B 7 SR 2 R 7 B 6 B e v A
FEFII R . AN T AR e £ A1 B2 Y R OR BRI , B R M N A 2 R T PR B I 2y 7 580, A
BRUEA 2 e U A AR 0 BEAE BT SR A B AL BT AN 3R T S R 2K anferx— AN N FiE
FMVE YT I [R]85 BAT B A BURE B2 T R G AT e DU BT A2i] xR el L, ASOR x5 A T HEBL
Bg. /R ATRIR E RE B AR A IR B K AT AT FT . M HERARE R, tBRRBENL R S 55 B i
A UAZ B A BELE R EAE BT AR, Il B I AR A BE AL M AAE T ARMALTT i Be A BEALE & 82
HSEPRILSE R 5 . A SR AT RBEHL R SRS T 1S B R G A U E BE R b, B e TR S A
Fe AT 3 T SR 25 RO 55 o S AR BRI N BBCRE OSB3 T s I AR08 PR3 B AR SR Y BT BRI ) 75
R LRI BRI E M EAELSS T RGE R,  EARIEI 5 15 107 B R SR R AH O N #E N % BLE PR
TTRGNMENSR . I NIYHE R K20, ORI, BB E I Feiail, SIARR b a #oa
Fe B sl HREd 3 0 a7 o s R (19 BRI AN 22 5 2 2K

AL FERE A W B EEE TRENUIR S R S8 FENLRNIE B AR N SIEI /5 Z R AL, £ 70
BesF RO Je s N i BAR UGB I NGIT DB FARMST . RUOERER AN BT TS DU F ARG 1)
TSI, B, XPIANGTT LR ITE 2 (I Tt B A RN k1 PR, BB R
ginl Ll — AR A XU S 6 HHEN 3R Gk Hid A 21

il

DOI: 10.12677/aam.2023.122076 743 AR A


https://doi.org/10.12677/aam.2023.122076
http://creativecommons.org/licenses/by/4.0/

Wrakd®, PRt

Figure 1. Two-stage intensive care queueing system
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Figure 2. The corresponding two-dimensional random walk of
the two-stage intensive care queueing system
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Figure 3. Two-stage intensive care queueing system with
“overtake full stations” protocol
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Figure 4. System revenue when patients’ arrival rate A increases
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