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Appendix

Proof of Proposition 1. From the individual rationality constraints, it can be seen that offline potential
first-visit patients choose to enter the GH for consultation if and only if it meets U > 0. When U = 0,
there will be no patients to enter the GH offline, thus, the effective arrival rate is 4y, = (u1(v—p1/2))/d—
A+ @ O

Proof of Proposition 2. Taking the first- and second-order partial derivatives of the total profit function
of the system with respect to ¢ , we get dn/dp = (p; — c)A/2 — (P2 — c2)ds + (p3 — c3)A —
(2c§v(ﬂ3 + 90/12)/12) 2, 81/ 0p* = —(p1 —c1)Ar — (2¢§ A3) /2 < 0. Based on the results of the derivation,
we can conclude that the total profit of the systemis a concave function with respect to ¢ , according to

n/de = 0,is ¢ = (((p1 = c1)/2 + (p3 — €3) = 233 /1w2)) | (P2 = €2 + 24 ) o). o
Proof of Lemma 1. We take the second derivative of mr; and 7, with respect to ¢, 0*m/0¢* = (¢ —
P2 < 0,0°m,/0¢* = —(2¢5 A3) /12 < 0 yields the result in Lemma 1. o

Proof of Proposition 3. Based on 0y /0y = 0, and substituting the system optimal treatment threshold
¢°, the GH optimal outsourcing price can be obtained as

1
mP = E(pl —c1) = (P2 — c2)¢".
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Proof of Proposition 4. By taking the first- and second-order partial derivatives of the objective

function of the CH concerning ® , we can obtain
Om/dp = (p3 — c3)Ay + mdy — 25 (A3 + @A) o)/, 72/ 0p* = —(2¢§5)/pr < 0. According to
Oma /0 = (ps — )b + mly — QU + b))/ = 0, we have

O = (ua(p3 — c3 + m) /(2 o) — A3/ 2.
If " < 0, thatis, thatis, m < (2cjA3)/p2 — (p3 — ¢3) , we have ™" = 0; if " > 1, that is,
m > ((A3 + 1)2¢%)/(npp) — (p3 — ¢3), we have ™" = 1; otherwise, that is, (2¢yA43)/uz — (p3 —¢3) < m <
(A3 + 2)2¢Y)/(nu2) — (p3 — ¢3) , which implies ™" = (ux(p3 — c3 + M)/ 25 ) — A3/ A
O

Proof of Proposition 5. By substituting ¢ into the objective function of the GH and taking first- and

second-order partial derivatives concerning m, we can obtain
omfom = (1/2)(pr = )0 [dm) — @"F(pa = )0 [0m) — P Ay — m(3pN" [0m) A,
Fmi/om* = —(pr — )@ OmP A, — 20N /0mA, < 0. According  to
ani/0m = (1/2)(p1 = ) 0™ [0m) — @V (py = e2) 2™ [0m) — @V 1y — m(Ap™” [dm) A, = 0,

we have mNP =

((Pl —c)cy Ay = 2(p3 — ¢3)c Ay + 2(pr — )5 Az — (p3 — ¢3)(p2 — o)z + (4C§Vz/lz/13)/ﬂ2) /(A +
(P2 — C2)u2).

When m < (2c5yA3) /2 — (p3 — c3), that 18,
i > ([ =D +2(ps —c3) b+ 2(py — ) (A3 — )| o) /(422 — A3)), we have
Ale = e = p/2p/d - A, VP = 0,
m = ([(p1 = c)A2 + 2(p3 = c3)Az + 2(p2 — C2)(A3 — )| i2) /(4,2 = A3)); when
m > (A3 + 2))/(mqw) - (p3 - ©3), that is,
ey < ([(p1 = c)A2 +2(p3 — ¢3)A2 — 2(p2 — €2)A2] 2) /(4 22(A2 + A3)), we have Ay, = (u1(v — p1/2))/d,
Moo= L, o m = ([(pr— e+ 2(p3 — ) — 2(pr — )] 2) [(AA(Ay + A3));  when
QB — (p3 — ¢3) < m < (B3 + )2E)/(nuy) — (p3 — c¢3), that s,
(p1 = el + 2(ps — )b — 2pa — )W/@GA + A3)) < cy <

((pr — e + 2(pz — )y + 2py — )3 — )ua/(4A2(21; — A3)), then we have
Aie = (1(v = p1/2)/d = 2o + ¢ A5, @V = (ua(p3 = 3 + M) /25 1) = 3/ A,

mNP -
((p1 — ey = 2(p3 — ¢3)c5 Ay + 2(p2 — ) Az — (p3 — ¢3)(p2 — ) + (4c;”2/lz/13)/ﬂz) [(4c5 A, +
(P2 — c2)2). m|
Proof of Proposition 6. As this proof is similar to that of Proposition 2, it is omitted here. |

Proof of Proposition 7. Based on dry/0¢ = 0 and substituting the system-optimal referral threshold
¢$, the GH optimal outsourcing price can be obtained to satisfy m” = 1/2(p; — ¢1) — (p2 — c2)¢§,. O

Proof of Proposition 8. By taking the first- and second-order partial derivatives of the objective
function of the CH concerning p,we can obtain oy /0 =
(p3 — c)b/n + md/n — ¢y + ebo/n)/n)/w, /09> = -2 (/n))/ue < 0.
According to O0myi/0¢ = (p3 — c3)Aa/n + midy/n — 2c§ (A3 + @Aa/n)Az/n)/u; = 0, we have
O = (ua(ps — 3 + mn)[(2c¥ o) — (nA3)/ A
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If ¢F < 0, that is, m < (2cjA3)/uz — (p3 — ¢3), we have ¢ = 0; if P > 1, that is, m >
((ndz + 2)2¢Y) [ (nu) — (p3 — ¢3),we have @F = 1;if 0 < o) < 1, thatis, (2¢A3) /2 — (p3 —¢3) <m <
((nA3 + 2)2¢})/(nr) — (p3 = ¢3), we have @) = (uz(ps — c3 + m)n) [ (2¢y ) — (nd3)/ Az O

Proof of Proposition 9. By substituting ¢\” into the objective function of the GH and taking first- and
second-order partial derivatives concerning m;, we can obtain 8%z} /0m? = —(pa — c2)(ONF [dm)*) A, —
(1/m)ym;y — (1/n)(0¢hF /0m)A, < 0. According to Or, /dm; = (1/2)(p1 — ¢1) (e}’ [dm) — P (pr —
cz)/lz(&pNP/am) - (1/n) X2, mi(0p}, NP 1Om) A, — (l/n)gogp/lz = 0, we have

(pp— Cz)n/lj; (P% c3)(pp— 62)11271+zc )

L(p1-c)-L(p3—c3)+ T 270, niy
3
When m; < (2C§V/13)/ﬂ2 = (p3 = es), 3 > ([(1/2)(pr =€) + (ps = €3)| o) /2s), we have 4y, =
(v = p1/2)/d = A2, " = 0, m; = (25 A3)/ 12 — (p3 — ¢3); when m; > ((ndz + A2)2¢5)/(npo) —

(p3 — ¢3), that is, ¢§ < ([(1/2)(P1 —c)+(p3—c3)—(p2—c)]n /12) /Q2(n* 23 + (n + 1)4,)), we have

Aie = (i (v=p1/2)/d, @) = 1, m; = (nA3+22)2¢Y) [ (nup)—(p3—c3); when (2¢§ A3) [y —(p3—c3) < m; <

((nA3 + A2)2¢)/(nuo) — (ps — ¢3), that is, ([(1/2)(191 —c)+(p3—c3) = (p2— )] ”2#2) /Q* A5 + (n +

D)) < ¢y < ([(1/2)(p1 = ¢1) + (p3 = ¢3)] p2) /(243), then we have A, = (1 (v=p1/2))/d— L +¢)" s,
= (ua(p3 — c3 + mpn) [(2c5 ) — (n/l3)//12,

1 (pp— 62)’1/13 _ (p3—=c3)(pp—cplupn ZC
3(pr1—cD)= 3 (p3—c3)+ 200 ”ﬂz

n+l +n<p2 )
n 203@!2

m; =

O
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