Appendix

A Asymmetric Manufacturing

The complete list of all scenarios of recycling structures are shown as follows.

products 1, 2, and 3 | product 1 | product 2 | product 3 Note
recycler z Acy ACo Acs all-inclusive
products 1 and 2 | product 3 | product 1 | product 2 | product 3 Note
recycler x recycler y c1 Ca c3 market-based
recycler z recycler y Acy Aco c3 inferior to market-based
recycler x recycler z 1 Ca Acs inferior to market-based
recycler z1 recycler z2 Acy ACa Acs inferior to market-based
product 1 | products 2 and 3 | product 1 | product 2 | product 3 Note
recycler x recycler z c1 Y Acs firm-based
recycler z1 recycler z2 Acy ACo ACs inferior to firm-based
products 1 and 3 | product 2 | product 1 | product 2 | product 3 Note
recycler z recycler x ey Co Acs cross-market /firm
recycler z1 recycler z2 P ACa Acs inferior to cross-market /firm
product 1 product 2 product 3 | product 1 | product 2 | product 3 Note
recycler 1 | recycler 2 | recycler y c1 ca c3 product-based
recycler z recycler x recycler y Acy Ca c3 inferior to product-based
recycler x recycler z recycler y c1 Aco c3 inferior to product-based
recycler 1 | recycler 2 | recycler z ¢ Ca Acs inferior to product-based
recycler z1 | recycler 22 | recycler y Acy Aco c3 inferior to product-based
recycler z1 | recycler z | recycler 22 Act ca Acs inferior to product-based
recycler z | recycler z1 | recycler 22 c1 Acy Acs inferior to product-based
recycler z1 | recycler 22 | recycler z3 Acy Acy Acs inferior to product-based

In the asymmetric model, let a; — ¢ = My, ag —co = Mo, ag —c3 = M3, a1 — Aey = Py, ag — Aeg = P,

a3 —Acg = P3, 1 — k=X, and kK — v =Y. From the first order conditions, the equilibrium quantities are

as follows:

o i = 20— 26)P1 + (5 — v + 5Py + 51— )Pl /[4 — 126 + 652 + 26y — (1 — 6)7?), ¢f'* =
[2(k — v + KY)P1 + (4 — 8k + 3k?)Pa + k(4 — 3k — 7) P3]/{2[4 — 12k + 6K + 2ky — (1 — k)¥?]}, and
qéug} = {26(1—7) P +K(4—3k—7) Pa+[4(1—k)2— (k—7)?]| P3 } /{2 [4 — 12k + 6K2 + 2k — (1 — /@)72} }

o ¢t = [2(1 = R)My + (k=)Mo /A1 — 8)? — (k —7)?], a8 2T = (5 —7) My +2(1 — k)Mo /[4(1 —

k) — (K —7)?], and g3

(1213} _ p,

/12(1 = K)};




o ¢! — (1 —2k) My — (1= k)Y Py — iy Ps]/[(1 — k) (4 — 8k —2)], gs TP = [y My +2(1 — k) Py +
25P3] /[4— 8k —~2], and ¢i M%) = {—2ky My +4k(1— k) Py + [4(1— k)2 — 72| Ps} /[2(1— k) (4— 8k —~2)];

o oM = 21— ) PL -y Mo+ kP /[A— 8k + 352 =72, ¢f M) = [—2(1— k)Y Py + (4— 8K+ 3K%) My —
KYPs]/[2(1 — k) (4 — 85 + 362 —2)], and ¢§ M = {26(1 — k) Py — sy M + [4(1 - 5)2 —72)P3}/[2(1 —
K)(4 — 8 + 352 — )];

o gt = 21 — k) My — M) /[4(1 — K)? — 42, T = [y 21— R) M) /(401 - K) - A2,
and qél}{2}{3} = M3/[2(1 - k)]

The equilibrium profits are:

. H;{4123} =(1-r)2(1 =26)P1 + (k — 7 + £7) Py + k(1 — ) P3]?/[4 — 12k + 6% + 26y — (1 — K)7?]? and
U5 = {(1 = K)[2(k — v + 57) Py + (4 — 8k + 362) Py + k(4 — 3k — V) P2 + (1 — k) {26(1 — 7) P, +
k(4 =3k — )Py + [4(1 — k)2 — (k — 7)Y P3}? — 26[2(k — v + k) Py + (4 — 8k + 36%) Py + k(4 — 3Kk —
VP3{26(1 — )Py + k(4 — 3k —¥)Po + [4(1 — )% — (k — )] P3} } /4 /[4 — 12k + 6K% + 26y — (1 — K)72]?%;

o TP = (1= R)R(1= 1) M1+ (5= ) MaJ? /A1 = 1) = (5 =) and TEH ) = (1)l — )My +

2(1 = K)M]?/[4(1 = K)* = (K — 7)*]* + M5 /4/(1 - K);

o LM = 201 —26) My — (1— k)Y Po— kv P3)2 /(1 - k) /(4 — 8k —~%)% and TTHT**F = {4(1— k)2 [0, +
2(1 — k) Py + 26P3)% + {=2kyM; + 4k(1 — k)P + [4(1 — k)2 — 2| P3}? — Ak[—yMy + 2(1 — k) P2 +
26P3{—2ky My + 4k(1 — k) Py + [4(1 — k)? — 42| P3}}/4/(1 — k) /(4 — 8k — 7?)?;

o T 2 (1 ) [2(1 — k) Py — Mo + kPsJ2/ (4= 85+ 352 —42)? and TTEHHE = {[—2(1 = )y Py + (4—
8+ 342) My — Ky P3)? + {26(1 — K) Py — iy Ma + [A(1 — )2 = 2| P3}2} 4/ (1 — ) /(4 — 8 + 3% — 72)%;

° H{Al}{2}{3} = (1—-k)2(1 — K)M; — 'YM2]2/[4(1 _ H)2 _ 72]2 and Hg}{Q}{S} = (1 —g)[—yM; +2(1 —
k)M /[A(1 — K)? — 22 + M3 /4/(1 — K).

Proof of Proposition 1: With equilibrium quantities ¢;*, i = 1,2,3, shown above, we calculate and
compare WX (¢X, ¢, ¢X) (given in equation 3) for all X € X, and then obtain the optimal recycling

structure with the highest W (¢i¥, g5, ¢5). W

Proof of Proposition 2: We first find expressions for payoffs when x = 0:
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Under our assumption that ¢; = co and v < 1, it is easy to verify that H1{413}{2} < H1{4123} < HE}{Q}{?’} =

H;{412}{3} < Hgl}{%}, and that Hg}{%} < H{3123} < H{BQ}{B} < Hg}{Q}{B} = HEQ}B}. As mentioned in
the body of the document, whenever product-based structure generates highest profit for B, it is uniquely

stable. W

Proof of Proposition 3: As mentioned above, when {1}{2}{3} is strictly preferred by firm B to all other
structures, it is uniquely stable. This is the most common outcome under different scenarios. When this

does not hold, we can have examples like the ones below:

° H;{L‘l}{%} > H;{41}{2}{3} > ... and H{BQ}{B} > H{Bl}{Q}B} > ... Under this scenario, firm A can defect
from {2}{13}, {2}{13} — 4 {1}{2}{3}, to product-based structure, which is its second-most-preferred
structure. As neither A nor B can unilaterally defect from this outcome to their most preferred
outcome, product-based structure is stable. This can happen when market size of product 2 dominates
that of product 1 and products are either moderately substitutable, or have low substitutability with
high diseconomies of scale. In addition, this can occur when products are highly substitutable with

similar market sizes, high diseconomies of scale and low .
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. and .... Under this scenario, firm A
can defect from {2}{13}, {2}{13} — 4 {1}{2}{3}, to product-based structure, which is its second-most-
preferred structure. As neither A nor B can unilaterally defect from this outcome to the outcomes they
prefer more, product-based structure is stable. This happens when market size of product 2 dominates

that of product 1 and products are highly substitutable with high diseconomies of scale.

e When market size of product 1 dominates that of product 2 and products are highly substitutable
with high diseconomies of scale, both firms prefer firm-based recycling to all other outcomes and it is

uniquely stable.

When the market size of product 3 is low compared with the other products, we can have cases in which
H;{L‘l}{%} > Hgl}{Q}{?’} > ... and 1'[}32}{13} > H{Bl}{%} > H{Bl}{Q}{g} >...or Hg}{l?’} > Hg%} > Hg}{B} >
H{Bl}{2}{3} > .... The first case occurs, say, when a; = as = 300, a3 = 100,¢c1 =co =2,c0 =5,7y=0.5,\ =
1.5,k = —0.1, while the second case occurs, say, when a; = 150, g = 300, a3 = 50,¢1 = c3 = 2,¢0 = 5,7 =
0.7,A = 1.5,k = —0.05. Firm B would prefer cross market/firm recycling, which is preferred by A less than
either product-based or firm-based recycling. Thus, A would defect from {2}{13} to {1}{2}{3}, and the
only joint defection that A would join is to {1}{23}. Thus, it is easy to see that firm-based recycling is the

only stable outcome. W



Proof of Proposition 4:

1. When both firms prefer all-inclusive recycling to all other outcomes, it is trivially the only stable
outcome. This happens when product substitutability is low, or when product substitutability is

moderate and market sizes of product 2 dominates market size of product 1.

When products 1 and 2 have similar market sizes and product substitutability is moderate or high, we
can observe H;{413}{2} > H1{4123} > ... and H{B123} > H1{423}{2} > .... Then, {13}{2} cannot be stable as
B can always defect to {23}{1}, which it prefers more, and A cannot unilaterally change that outcome.
Thus, all-inclusive recycling is uniquely stable again. The same is true when market size of product 1
dominates market size of product 2, product substitutability is moderate, and economies of scale are

moderate to high.

Under most scenarios with low economies of scale and moderate to high substitution level, the preferred
outcome for firm B is market-based recycling, followed by the product-based recycling, while firm A
favors all-inclusive recycling, but prefers market-based to product-based recycling. Under such scenario,
the only possible defection by firm A from market based recycling leads to product-based recycling,

which it prefers even less, and market-based recycling is stable.

2. When market size of product 2 dominates that of product 1, and market size of product 3 dominates
that of product 2, economies of scale are low, cost increase is low, and products are highly substitutable,
firm B prefers firm-based recycling to all other outcomes. As firm A cannot unilaterally change this

outcome, firm-based recycling is uniquely stable.

3. When market size of product 1 dominates that of product 2, products are highly substitutable, and
economies of scale are moderate to high, both firms prefer cross-market recycling to all other outcomes,

and it is the unique stable outcome.

4. When market size of one product (1 or 2) dominates that of the other product, products are highly
substitutable, and economies of scale are low, product-based recycling is either the most-preferred
outcome of firm B, or it is its second favorite, after market-based recycling. At the same time, firm
A prefers product-based recycling to both all-inclusive and market-based. As a result, neither firm
can unilaterally move from product-based recycling to the outcome it prefers to it, and product-based

recycling is uniquely stable. W

Proof of Proposition 5:

1. Consider the case a; = as = 300,a3 = 100,¢1 = c2 = 2,¢3 = 5,7 = 0.9,A = 2,k = 0.1. We then
have H1{412}{3} > Hgmg} > ... and H{3123} > H{Bl2}{3} > ... It is then easy to evaluate that both all-
inclusive and market-based recycling are stable. Similar preference ordering holds, for instance, when

a; = ag = 300,a3 = 100,¢; = c2 =2,c3=5,y=0.1,A = 1.2,k = 0.02.



2. When market size of product 1 dominates that of product 2 and they both dominate market size of
product 3, products are moderately substitutable, and economies of scale are moderate, one can evalu-
ate that TS 5 020 S B S ang %) 5 2 S qe

.and .. We can see that

both all-inclusive and cross-market recycling are stable by considering following sequences: {13}{2} —p

(2811} — a5 {1312}, (1312} —p (1H2H3} —an (1312}, {123} 4 {28}{1} a5 {123). W

B Symmetric Manufacturing

In the symmetric model, let oy — ¢y = My, g — co = Mo, g — c3 = M3, ag — c3 = My, oy — Aex = Py,
g — Ao =P, a3 —Aecs = P3, a4 — Ay = Py, 1 — k=X, and Kk — v =Y. From the first order conditions,

equilibrium quantities and payoffs under different recycling structures are:

a3 = (8P — APyky + APsk — 24Pk + 8Pk + 4k Py — Ay Py — 8y Pyk + 87K Py + 6Ky Py + 4y Py —

6Ky Py — 3672 Py + 2672 Py + V2 Pyk + 2Pyky? — 2Py + 3 Py — 12Pyk% + 12P K%} /{872 + 16Ky +
(1234} _ = {V*P, — 292Py + 267?Py — 357?P; +
292 P34 Pyky? + 6y Pyk? 4+ 8Ky PL — 4yPyk — 6YP k% — 8Pyky — 4P,y + 4vKk Py +8Psk + 4Py k + 4P,k —
12k2P3 — 24K Py + 8P + 1262 Py} /{ =872 + 16Ky + 48Kk2 — 64k + 16K72 + 16 + v* — 126292 — 4k3},

A1 = (AP + 8P + 4y Pk — Ayk Py — 292 Py + APy + APy ki — 24Ps s+ 8Py + 1252 P5 — 1252P, +
292 Pk + 2672 Py + Pyy3 + 8Pykry — 85y Py — 3Pyky? + k2 Py — 6yPyk? + 6yPik?}/{—87v2 + 16Ky +
48K2 — 64k + 16872 + 16 + 44 — 126292 — 4ky3}, and ' = {6k27 P, + 8Py — 6K2yP5 — 4yPs +
8vP3Kk —8vk Py — 2P472 — 24Pk + 8Pk +4Psk + 4k Py + 12Py k% — 12P k% — 372P3n + K:"Y2P2 + 73P3 +

482 — 64k + 16K7% + 16 + v — 126292 — 4k}, g5

4Pykry — 4Ky Py + 2Pyky? 4 2672 P} {—87% 4 16Ky + 48k2 — 64k + 16k7y% + 16 + % — 126292 — 4k73}.

+ qa

H{1234} _ P, — . + P, — B + q1 K + + + 2.

A a(Pr— g1 —vq2) + qa(Ps — g4 — 743) P (1 +q2 + g3+ qu)7;
g2 + g3

H1{91234} _

@2(Po — 2 — vq1) + q3(Ps — g3 — Yqa) + k(g1 + g2+ g3+ qa)*

G +q+q+q

o ¢!V MLk 2M Ry My —2M: /{2 —2ky—3K2 —4+8k}, ¢ P BN = (o, 2Ny k+ My —
Mik}/{v? —2Kky—3Kk% —4+8k}, q {12}{34} = {—Myk+2Mzk+yMy —2M3}/{v? — 2Ky — 3k? — 4+ 8k},
and q{12}{34} {—2My + 2Myk + yM3 — M3k} /{y? — 2k7y — 3k? — 4 + 8k }.

i — 0 (M) — g1 — vg0) + qa(My — g4 — 7g3) + ———r(q1 + ¢2)% + k(a3 + a1)%;

A 1( 1 1 72) 4( 4 4 73) @+ 9 (1 2) 4 + 4 (3 4)

P = gy (My — g2 — 701) + a3(Ms — g3 — 70) + —2—r(a1 + 42)* + —2—r(ga + a)>.
q1+ g2 43+ q4

° {13}{24} {3/<;3P3+22P1/<; —6K3P; — 5/427P2+4P3/$+8P1724P1/<;f4’yP278/£2P3+87/<P2+72P3/<;f
2P 242672 Py +3 Py — APy iy + 4y Pyr?} J{ =872 + 16k7% — 10k292 +9x* +88K2 — 48K3 4+ 16 — 64k +~1},
AP — (313D — 6k3 Py + K2y Py — 5y Pik? — 8Py k% + 2262 Py — 24K Py + 262 Py + Pyry® — Ay Py +
8Ky Py +4Pyk+8Py — AP y+73 Py — 292 Po } /{—87v2 +16K72 — 10k242 +9K* +88K2 —48K3 +16 — 64K+~ },

{13}{24} = {4K?yPy+ kY2 Py — 5y Pyk% 4272 Pk Pyy® — 4y Py — 272 Py — 4 Pyy+ 8 Py iy + 8 P3 +22k2 Py +



4P k—8Pk? —24P3k+3K3 Py —6K3 Py} /{872 +16Kk72 — 10K2y% +-9k* +88K% —48k3 + 16— 64k ++*}, and
Y = 542y Py — 8K2P,y + 3k3 Py — Ak Py + 4y PLR2 + k72 Py + 22 P4k% — 6K3 Py + 87 Py — 2Py % +
2P k2 —4yP3+~° Ps+8Py — 24P+ 4k Py } /{ =872 +16572 — 10272 +9k* +88K% —48K° +16— 64+ }.

Y = 4 (P g1 —9a2) + a(Pr— g1 —7a3) + — 2 k(a1 + 43)° + — (g2 + q2)%;
4 1(P1 — q1 —7vq2) + qa(P1y — qa — 7g3) q1+q3(1 3) q2+q4(2 1)
NG Y = (P — g0 — 1) + as(Ps — g5 — ) + o j “ k(g2 +q1)® + o (f qg’f(% +a3)%.

{14}{23} = {—4yPy — 16 Pyk? + 16 Py k% + 8Py + 2Pyky? + 2ky2 Py + 8k2yP3 — 8k2y Py + 3 Py — 2P % —
8vPski+8vK Py +8Pyk — 24P 1} /{y* + 16 — 645 + 64r% — 165272 — 8v2 + 16572}, 312 = {24k, —
4Py + 8Py + 272 P3k +8vPyk% — 8y P k% + 2ky2 Py — 8Pykiy + 8k7y P +8P3k — 16K% Py + 16K%2 Py + 3 P —
292Py} /{74 + 16 — 64k + 64k2 — 165292 — 892 + 16572}, g1 = {8y Pyk? + 8y P k2 + 16K2P5 —
16k2 Py — 8k Py + 8Pyky — 24P3k + 272 Pk + 262 Py + 8k Py + Pyy® — 292 P3 + 8P3 — APyy} /{7t +
16 — 64k + 64K2 — 165292 — 842 + 16872}, and ¢{*" ¥ = {_8ykP, + +43P; + 8P, + 8Pk — 4vPs +
2Py k2 4 2672 Py + 8y Psk — 8K%y Py + 8K2y Py — 2Pyy? — 24Pk + 16 Pyk? — 16 Py k2 } /{y* + 16 — 64K +
64K% — 16K2% — 872 + 16K72}.

I — g (P — g1 = a0) + (P — @ — 7va3) + 5@ + a0);
H,{gM}{QB} =q2(Po — g2 — vq1) + q3(Ps — g3 — Yq4) + K(g2 + g3)°.

{123}{4} = {4k Py + 8P, —4yP, +4P35+16 P, k2 —4K2 Py — 2y My — AK2 Py 4+ 4Kk2y Py — 4K2y Py — iy Py —
2Py + 3Py — 24P k — 4y P3k + 8K Py + 2572 Py + 272k My } /{16 — 64k + v + 16572 — Tk?y2 — 872 +
72k% — 2ky3 — 8K2y + 8kry — 24K3}, q{123}{4} {V3PL +7?kMy — 672 Py + 2672 Py — 272 Py + 8ky Py —
Ay My + 3’)/I€QM4 +2K2 vPs — 4vP K% — AP,y —2vP3k+ 8Py + 4Pk — 24k Py + 22k2 Py + 6K3 Py +8P3k —
4P k% — 6K3 Py — 14K2P3} /{16 — 64K + v* + 16K72 — Tr2y2? — 8y% + T2k2 — 2573 — 8K2y + 8Ky — 24K3},

AP = 14k2 Py 4 AP Kk — 24Psk +8P5 — 292 Py — Ay My + 8K Py — Arry Py + 4y Py — 2y Py + 8y My +
22k2 Py+7y3 My — 653 P3—3yK2 My+6k3 Py+272 Py — 272k My — APy K2+ 4y P k2 — 4Ky P3+2Kk2y Py } /{16 —
645k + 4 + 16572 — Tr2y2 — 892 + T2k — 267 — 8Ky + 8ky — 243}, and ¢f "2 = (3k2y Py + 80, —
24Myk — 26YPy + 8YPsk — 4y P3 + 1262 My + v3P3 — 292 My — 4y P + 4ys My + 2672 Py — 292 Pyk +
kY2 Py + 272k My — 352y P3} /{16 — 64k + 1 + 16k72 — Tr2y? — 8% + 7262 — 2573 — 8Ky + 8Ky — 24K3}.

q1
@1+ G213

q2 + g3 2
——— k(g1 +q2 +¢q3)°.
Q1 +q2+qs3 (41 %42+ 43)

MY — (P — g1 — vg0) + u(My — g4 — 7g3) + k(g1 + g2 + q3)? + Kql;

MY = (P — g0 — yar) + a5(Ps — 43 — vau) +

P = (8P 4 A2k My — k2 Py + 2672 Py — 2P1? — Ay Py — 2Psky + 3yk2Ms + 8vK Py — Ay Ms —
4K2yPy+2vPyk? — 24P1/€+8P1 —6K3 P, —14Pyk? —4K% Py +22P k2 +8Pyk+6k3 Py + 4k Py} /{16 — 645+
VA4 16k72 — T2y — 82 + 7262 — 20y3 — 8K2y + 8y — 243}, ¢33 = (4P — APy + AP+ 8P +
4’}/P4I€2 — 4’yP1/£ +16K2Py, — AP K% — 4P K% — 2vk M3 + 2/@72P2 — K’72P1 + 2’)/ kM3 — 4Pk + 8ky Py —
24Kk Py + 2Py — 272 Py} /{16 — 64k + v* + 16k7% — Tr2y2 — 8y2 + 7262 — 2ky> — 8Ky + 8Ky — 24K3},



{124}{3} {2;@72P2—2P4fvy +3vP K24+ kY2 Py —3vyPyk?+27 ,%Mg—4P4'y—|—12K2M3—27/§P2+8P4m'y—
4Ky Py + 4k M3 +8 M3z + Pyy3 — 292 M3 — 24 M3k} /{16 — 64k +v1 + 16K72 — Tr2y? — 8y2 + 72k2 — 2Kk —
8k2y + 8Ky — 24k3}, and q{124}{3} {—4vK Py + 4Pykry — 14P k% — 2Ky Py + 22Pyk? + 8y M3 + 8Py +
4k Py — 24Pk + 8Pk +~3 My —2Pyy% — 4y My — 6K3 Py + 6K3 Py — 3vK2 M3 + 2Py ky? + 4k2y Py — 4y Pyk? +
2vPK? — 4K2 Py — 272Kk M3} /{16 — 64k + v + 16K572 — Tr?y? — 872 + T2k2 — 2ky3 — 8Ky + 8Ky — 24K3}.

a1 +4q
2 = (P — g1 — v2) + @a(Pa — g4 — 7a3) + ———— k(g1 + @2+ q0);
g1+ q2+qa
ng}{g} =q(Ps — g2 — vq1) + q3(Ms — q3 — vqq) + L“(Ql + a2 + @) + ka3
g1+ q2+qa

B = 8Pk — Ay Py + dky Py — 14P3K% — 2Py ky + 8y Ma + 22 P 12 + 653 Py — 653 Py — 3yk2 My +
4k%2yP3 + 8P, + 4Pk — 24Pk — 2P1’y — 4yMs + "}/SMQ — 4'yP1/<; + 2fyP4/<; — 4K%P5 + 2672P —
292k Mo} /{16 —64K+72 +16k7% —Tr2y2 — 82 +T2K% — 2K —8K2y+8ky —24K3}, q{134}{2} {122 M5 —
APyky + 4y Mo + 272P3/1 — 2%72P1 + 3'yP4/£ + P4/@'y + 2’)/ kMo — 3’yP1/<a —24Msk — 4Py —2vP3k +
8Ky Py +73 Py — 272 My +8Ms} /{16 — 64k +~71 +16k7% — Tk2y2 — 8v% + T2k2 — 2k7> — 8Ky +8ky — 24K3},

{134}{2} = {4Pyk—4Pyy+4P k— 4Py k? +4y Py K2 —4’yP4/<; +16K2P; —4P k> —2vk Mo+ 8P — 4y P +
8Pykry — 24P3k — Pyky? + 292k Mo + 292 Pk + Pyy3 — 292 P3} /{16 — 64k +y* + 16k7y% — Tr%y2 —8y2 +
722 — 2Ky — 8Kk2y + 8Ky —24Kk3}, and q{134}{2} {3 P3 — 2 P3k+ 2Pk — 2Pyy? +v2k Mo + 8y P3 s —
26y Py —4K%yP3 —4~P; +37n2M2 +27P1/£ — Ay My — 24Pk +4Psk+22Py k% +6K3 Py + 8P k — 6K3 Py +
8P) — 4K%P3 — 14P k%} /{16 — 64r + y* + 16672 — Tr242 — 892 + T2k% — 2k7> — 8K2y + 8ky — 24K3}.

q1 + qu

—————— k(@1 + g3+ q1)*;
q1+ g3+ qa ( )

q3
Q1+ g3+ qa

qul34}{2} =q(P1 — ¢ —7q2) + qa(Py — g1 — vg3) +

134}{2
s _

q2(Ms — g2 — vq1) + q3(Ps — g3 — vq4) + kg5 + k(g1 + g3 +qa)*

{1}{234} = {8M; —4yP3rx+ 4y M7 + 2Py ky? — 2672 Py + 72 Pk — 32y P+ 2v2 KMy + 3 Py — 292 M, +
32y Py —24 M1k — 2Py +8yk Py — 4y Py +12K52 My } /{16 — 64K+ +16K72 — Tr2y? —8v2 +72k2 — 2ky3 —
8Ky + 8Ky — 24K}, q{l}{234} {8P3k — 4Pyky + 47k Py — 2y P3k + 2252 Py + 8y My — 272 Py — 4 My +
V3M, — 14K%2P3 + 4Pyk — 24Kk P 4+ 653 P3 — 3yk2 My — 6K3 Py + 4y Pyk? — Ak%y Py + 262y P3 4 2ky2 Py —
4Pyk? — 292K My + 8P2} /{16 — 64k + v* + 16k7y% — Tk?y? — 892 + T2k% — 2ky® — 8Kk2y + 8ky — 243},

@B — (Pa3 — Pykny? + 292 Psk + 426 My — 272 Py + 8Py — APyy + 3K My — 2y Py — Ay Pyk? +
252 7P2—47/<;M1—14n 2Py —24P3k — 6k P3 + 4Pk +22K% P3+8P3 + 8k Py + 6k Py — 4Py k2 } /{16 — 64k +
Y +16K72 — Tr2y2 — 872 + 72k2 — 2Kk — 8Ky + 8Ky — 24k3}, and q{l}{234} {—4vP;+4KkPy+4P3x+
8Py —4k% Ps +4k? v P — 4K2 vPs — 2y My + 16 Pyr2 — 4K%2 Py — 4y Py +8yP3k — 24 Pyk + 73P3 — ’szgl*i —
2Pyy? + 272k My + 2Py y?} /{16 — 64k + % + 16572 — Tk2y% — 842 + 72x% — 2173 — 8K2y + 8Ky — 24k3}.

Y = g (M) — g1 — va2) + aa(Pa — qu — 7as) + 1} + —— (g + g + )
2+ g3+ qa
+
Y = go(Py — g0 — vq1) + 43(Ps — g3 — yaa) + —BEE gy + g5+ ).
G2t g3+ qa



{12}{3}{4} = {—Mok+2Mk+~vyMy—2M;}/{7? — 2Ky —3k? —4+ 8k}, q {12}{3}{4} = {—-2Ms+2Msx+
Myy — Myg} /{72 — 26y — 3k% — 4 + 8k}, o8 P = (a1, — 205 + 205k} /{72 — 4 + 8k — 4k?),
and q{12}{3}{4} {—2My + 2Myk + yM3}/{7? — 4 + 8k — 4x>}.

Y = g (M) — 1 —va2) + aa(Ma — g4 — vas) + “ ji . k(a1 + ¢2)* + Kai;
q
I = 0 (My — g0 — ya1) + 43(Ms — g5 — yaa) + p jq k(g1 + q2)* + rg3.
1+ ge

{13}{2}{4} = {8vk My —2yx My — 8k2P3+4P3k+24P K2+ 8P, — 24Py k4 2vK2 My + 2572 Py — 4yr2 Mo+
4Kk3 Py — 8K3 Py — A4y My — 2P % + 2 My} /{92k2 — 56K3 + 1264 + 4% — 8y2 + 16k7% — 8k2y% — 64K + 16},
AW — (630, + 22k2 My + 262y Py — Ay Pii? + 42k My — 2y Py + 8Ky Py — 24 Mok + 292k My —
APy +8My — 292 My + 73 Py } /{9262 — 5613 + 1264 + 4% — 892 + 16k72 — 8k2y% — 64k + 16}, {1 =
{—2ykMy + 8y My + 24Kk Py — 24P3k — 8P k2 + 8P3 — 292 Py — dyMy + v3 My + 4P Kk — 4yk2 My +
292 P3k + 2yk2 Mo — 8k3P3 + 4k3 Py } /{9262 — 56k3 + 1261 + 41 — 892 + 16Kx72 — 8k%9? — 64k + 16},
and MY = 93Py 4 A2k M, — 292 My + 292k My — AR2Y P + 22k My — 653 My — 4y Ps + 8My —
24Myk + 8y Psk — 26y Py + 2yP1k%} {92k — 5653 + 126% + 44 — 892 + 16ky? — 8k%y? — 64k + 16}.

P = g (P — g1 — 7g2) + aa (M — g4 — yg3) + p ?: - klqy + a3)* + Kais
q
I = 4o (My — g2 — yar) + g3(Ps — 43 — vaa) + 53 + p qu k(g1 +43)”.
1+ a3

MY 800 24Pk 4+ 8Py — 16P4k2 + 8Pk + 24P, K% + 8vk M,y — dykMs + 8k3Py — 8k3P) —
4yK% My + 4yk? M3 + 2672 Py — 4y Mo — 2P 2} /{80K? — 32k — 64k + 16Kk72 + 16 — 872 — 8k%92 + 41},

S — 4y P2 41682 My — 4y Pik? — APyrry — 24Mok + 8Ky PL + 2926 My + 22k Ms + 8My +
V3P — APy — 292 My} /{80K2 — 32K3 — 64k + 16k + 16 — 892 — 8242 + 4}, I — gy p2y
16K2 M3 —4Pyy+8Ms—24 M3k +8Pyry —4ky Py +47y Py k2 + Pyy® +272 kMo — 22 M3+ 272k M3 } /{80k2 —
32K3 — 64k + 16k72 416 — 872 — 8k292 + 41}, and q{14}{2}{3} {8P K — 2Py — 4yM3 +~3 M3 + 8Py +
24Py K% — 24Pk — 16 Py k2 — 4y My + 8k M3 — 813 Py + 8k Py + 2Py kry? + dyk? My — dyk? M3} /{80K2 —
32k% — 64k + 16K7% + 16 — 892 — 8k2y2 + v4}.

I — g (P — g1 = v) + @a(Py — qa — 7a3) + k@1 + 41)*;

I = 0 (My — g0 — ya1) + a3 (Ms — g5 — yaa) + kg + k3.

B — (16K 0M + Ak Py — Ak2YPy — AyPsk + 8ykPy — 24My ks + 2v2k My + 272K My — 4y Py —
292 My + 8M; + 3Py} /{802 — 32k° — 64k + 16572 + 16 — 8v2 — 8k22 + 44}, A HZHY = fgynry —
Ay My — 16K%2 Py + 8Pk + 24K%2 Py + 4yr? My 4 2572 Py — 4yr? My 4 8x3P3 — 83 Py — 272 Py + 3 My —
AMyy — 24KPy + 8Py} /{80K2 — 32k3 — 64k + 16572 + 16 — 872 — 8292 + 44}, 4T — (_oy2p,
Ay My + 2 My — 4ys My + 8ykMy + 24k2 Py — 24P3k — 1652 Py — dyk? My + 272 P3k + 4yk2 My — 8k3 P3 +
8K3Py + 8kPy + 8P} /{80K2 — 323 — 64k + 16K72 + 16 — 892 — 8292 + 44}, and ¢l 1ZHY =



{3 P3 + 272k My — 272 My + 272k My — 4K2yP3 + 1652 My — 4y P + 8My — 24Myr + 8yP3k — 4yk Py +
4r2y Py} /{80K% — 32K — 64k + 16K72 + 16 — 872 — 8x22 4+ 44},

1‘[21}{23}{4} = q(My — q1 —vq2) + qa(My — qs — Vq3) + Kq3 + Kq3;

Hg}{23}{4} =qo(Po— g2 —vq1) + q3(P3 — g3 — vqu) + k(g2 + g3)>.

° qfl}{24}{3} = {76/£3M1 +2yPyk% — 4n2fyP2 +22k2 M, — 2Pyky + 8vk P + 272/£M1 +72/<;M3 —24Mik+
8M; — 292 M, — Ay Py + 73 Py} J{92k2 — 56k3 + 1254 + 4% — 872 + 16k72 — 8k292 — 64k + 16}, ¢i 2 =
{8Py + 2yk? M3 + 2k Py — 4yk?> My + 4k3 Py — 8k3 Py — 272 Py — AMyy + 8y My — 2y M3 + 3 My —
24k Py — 8Pyk? + APyk + 24K% Py} /{922 — 56K + 12k + 4% — 892 + 16K72 — 8x%92 — 64k + 16},
AUENBY — (PS4 026 M) — 292 My + 2926 Ms — 4y Pak? + 2252Ms — 653 My — APy + 8Ms —
24 M3k + 8Pyry — 2yk Py + 22y Py} /{92K% — 56K3 + 12k + 4% — 842 + 16Kx72 — 8k2y% — 64k + 16}, and
iU — (8P, — Ay k2 My + 2Py + 2yk2 My — 853 Py + 43 Py — 27k My + 8k M + 4k Py + 24Py 2 —
24Pk — 8Kk2 Py — 2Pyy? — 4y M3 + 2 M3} /{92k2 — 56k3 + 126* +4* — 8v% + 16K72 — 8k242% — 64k + 16}.

YR = g (M — 1 = ya2) + a(Pa — a4 — vas) + 5 + Tl aa)”
92+ qa
Y = 0 (Py — g2 —ya1) + a5(Ms — g3 — yaa) + p jq kg2 +qa)” + K3,
2 4

. qfl}{z}{:ﬂ} = {yMy —2M; +2M; K}/ {7? — 4+ 8k — 4K?}, qé{l}{Q}{M} = {—2M>s + 2Myk + M1y} /{~?* —
448k — 4K}, q?{,l}{z}{M} = {—Myk+2Msk+yMy—2M3} /{v* —2ky—3Kk? —4+8k}, and qil}{Q}{M} =
{—2M4 + 2M4I€ + ’}/M3 — M3I€}/{’)/2 — 2/4/'}/ — 3/€2 —4+ 8/‘6}

q
Y = g (M) — g1 = 9g2) + aa(Ma — g4 — va3) + 5} + —— k(g3 + a2)*;
43 +q4
Y = 4 (My — g2 — var) + a3 (Ms — g5 — vaa) + ka2 + o fq4 k(g3 + 1)’

o q£1}{2}{3}{4} _ {’YM2—2M1+2M11€}/{’)/2—4—|—8I€—4/€2}7 qi[l}{2}{3}{4} _ {—2M2+2Mgn+M17}/{72—
4+ 8k — 4K2}, Qfl}{g}{g}m = {yMy — 2M5 + 2M3k}/{y2 — 4 + 8k — 4k2}, and qi1}{2}{3}{4} _
{—2My + 2Myk 4+ yMs} /{7* — 4 4 8k — 4k7}.

Y — 0 (M — g1 —va2) + (M — g4 — va3) + ka? + ks

Y — 0 (Mo — g0 — va1) + a3(Ms — g3 — vau) + rg3 + re?.

Proof of Proposition 7: With equilibrium quantities q;X, i = 1,2,3,4, shown above, we calculate and
compare WX (¢X, ¢35, g5, q) (given in equation 7) for all X € X, and then obtain the optimal recycling

structure with the highest WX (¢:X, 5%, ¢, ¢5). B

Proof of Proposition 8: Under our assumption that ¢; = co,c3 = ¢4, and v < 1, it is easy to verify that,
in most scenarios, outcomes that one player prefers more than product-based recycling, {1}{2}{3}{4}, are

favored less then {1}{2}{3}{4} by the other player; consequently, {1}{2}{3}{4} emerges as stable. W



Proof of Proposition 9: As mentioned above, under our assumption that ¢; = ¢z, c3 = ¢4, and v < 1, it is
easy to verify that, in most scenarios, outcomes that one player prefers more than product-based recycling,
{1}{2}{3}{4}, are favored less then {1}{2}{3}{4} by the other player; consequently, {1}{2}{3}{4} emerges
as stable. W

Proof of Proposition 10:

1. In most of the possible scenarios, for different parameter combinations, all-inclusive recycling dominates
other structures for both firms, or firm A prefers {134}{2} or {124}{3} to all-inclusive recycling, and/or
firm B prefers {123}{4} or {234}{1} to all-inclusive recycling. Under these scenarios, all-inclusive
recycling is uniquely stable.

Under the condition that economies of scale are low and product substitutability is high, a similar

statement holds for market-based recycling.

2. Next, we consider firm-based recycling. Suppose that a; = 115, 0 = 200, a3 = 285, ¢4 = 150,¢1 =

co=2,c3 =c4 =5,7y=0.7,A= 1.2, kappa = 0.09. Then, we have H;{41234} > H;{4134}{2} > Hf4124}{3}
H;{412}{34} > H1{413}{24} > H;{413}{2}{4} > H;{L‘l}{2}{34} > H;{412}{3}{4} > HE}{%}{S} > H;{41}{234}

vV vV VvV

H1{4123}{4} > H:{414}{2}{3} > Hgl}{2}{3}{4} N H;{414}{23} > H:{41}{23}{4} and Hg}{23}{4} > HJ{914}{23}
H1{9123}{4} > Hg}{234} > Hg%‘l} > H{Bl}{2}{3}{4} > H§312}{3}{4} > H§313}{2}{4} > Hg}{ﬂ}{g} >
Hg}{z}{&l} > H{Bl4}{2}{3} > ng}{‘%} > H{Blg}{M} > H}{;M}{S} > H{Bl34}{2}. If we consider B’s
most preferred outcome, {1}{23}{4}, A can defect unilaterally only to {14}{23}, which improves its
payoff and is the second most preferred outcome for B. Any unilateral defection from firm-based recy-
cling by B would only reduce its profit, and the same goes for A. In addition, any joint defection would
reduce B’s profit, hence firm-based recycling is stable. Now, if we consider {1234}, A’s most preferred
outcome, B can unilaterally defect to {14}{23}, which is stable. it is least preferred by B and any
defection would improve B’s profit. If we consider {134}{2}, A’s second most preferred outcome, it
is least preferred by B and any defection would improve B’s profit. We can similarly see that for all
other structures preferred to firm-based recycling by A, B can unilaterally defect to either {14}{23},
or to {1}{23}{4}, which will be followed by A’s move to {14}{23}, hence firm-based recycling is the

only stable outcome.

When recycling becomes more costly, half-firm based recycling becomes stable. Suppose that a; =

78,0 = 100, a3 = 300,04 = 155,¢1 = ¢ca = 2,¢3 = ¢4 = 5,7 = 0.8, A = 2,k = 0.1. Then, we have
H;{4134}{2} > H:{41234} > Hj[413}{24} > H213}{2}{4} > H;{412}{34} > Hj[ql}{Q}{fM} > H54124}{3} > H;{4123}{4} >

MU S pies) o oesE S g | gieeie | gbess o poses
and H{Bl4}{23} > H{Bl}{23}{4} > H{3123}{4} > H{Bl}{234} > H{Bl4}{2}{3} > H{31234} > H{31}{2}{3}{4} >
MU S RO S rRos) o pUsed | e o gieiey o pinen
H}{3134}{2}- Similarly as above, we can show that in this case half firm-based recycling, {1}{23}{4}, is

the only stable outcome, as A will always defect from its least preferred outcome, {14}{23}.
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3. We now look at the i-inclusive recycling. Consider the case H:{4134}{2} > H1{41234} > H£‘13}{2}{4} >
Hj(413}{24} > H1{412}{34} S HE}{Q}{M} > H;{4124}{3} > H£‘123}{4} > H1{412}{3}{4} S HE}{Q}B}H} >
H1{414}{2}{3} > H1{41}{24}{3} > H1{41}{234} > H1{41}{23}{4} > H1{414}{23} and H§3123}{4} > Hg}{23}{4} >
H§314}{23} > H{Bl}{234} N H{Bl2}{3}{4} N H}{91234} > Hj{gl}{24}{3} > H{Bl}{2}{3}{4} N H{Bl4}{2}{3} N

Hg?’}{%} > H{3124}{3} > Hgg}{Q}H} > H}{312}{34} > H{31}{2}{34} > H{Blg4}{2}, which occurs, for in-

stance, when a1 = as = 100, a3 = 300, a4 = 150,¢1 = ¢ = 2,¢3 = ¢4 = 5,7 = 0.75,A = 1.2,k = 0.02.
We can verify that in this case {123}{4}, the outcome most preferred by firm B, is the only stable
outcome. The only possible defections from this outcome by firm A lead to {14}{23} or {23}{1}{4},
the outcomes least preferred by A, so A does not want to defect. Consider, for instance, outcome
most preferred by firm A, {134}{2}. This outcome is the least preferred by firm B and any defection
can only improve its profit, so it cannot be stable. Next, consider firm-based recycling, {14}{23}.
Both firms prefer {123}{4} to {14}{23} and it can be verified that firm-based recycling is not stable.
Similarly, one can verify that all-inclusive recycling cannot be stable as firm B can unilaterally defect
to {14}{23}. If the current outcome is {13}{24}, firm B can unilaterally defect to {1}{23}{4}, and
firm A then benefits by defecting to {14}{23}. We can do the analysis for all the remaining possible

defections.

4. Finally, we look at the half-market-based recycling. Consider, for example, case when a3 = as =

100, a5 = 300,04 = 150,¢1 = c3 = 2,3 = ¢4 = 5,7 = 0.66,A = 2,5 = 0.02. Then, THEY >
H5413}{2}{4} > Hgl}{Q}{34} > H;{4134}{2} > H£1123}{4} > H;{412}{3}{4} = H1{41234} > H£‘13}{24} > qul}{Q}{S}{Al} >

H;{;}{%}M} > H;{41}{24}{3} > H:{L,l}{QM} > H{Al?4}{3} > Hgl4}{2}{3} > Hgl4}{23} and Hg4}{2}{3} >
Hj{gl}{24}{3} > H,{3124}{3} > H1{312}{3}{4} > Hgl}{Q}{3}{4} > H;{312}{34} > Hg}{Q}{M} > H;{314}{23} >
i) o s o @) o e o s S g S qine e we can verify
that {12}{3}{4}, the outcome not most favored by either firm, is the only stable outcome in this case.
It is easy to see that firm A can unilaterally defect from any of the three outcomes most preferred
by firm B to product-based recycling, which it prefers to {14}{2}{3}, {1}{24}{3} and {124}{3}. The
only possible unilateral defection from product-based recycling by firm B leads to {1}{23}{4}, which
is among least preferred outcome for B; hence, neither of these three structures is stable. A similar
statement is true for four out of five outcomes most preferred by firm A and possible unilateral defec-
tion by firm B to product-based recycling. The one exception is {134}{2}, from which B can defect
to {14}{2}{3}; as this is B’s most preferred outcome and among A’s least preferred outcome, A can
defect from {14}{2}{3} to product-based recycling. This leads us to {12}{3}{4} as an outcome from
which no firm can start a sequence of defection that would ultimately lead to a stable outcome that
the defecting firm prefers to {12}{3}{4}; thus, {12}{3}{4} is stable. Similar relationship hold in other
cases with low economies of scale and high substitutability level in which products in one market have

similar market sizes, while in the other market one product’s market size dominates the other. [ |
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Proof of Proposition 11:

1. Consider the case [LZH3Y S [N o [i2a) o pizsa o O2EHe o qloHeHe
MBHE S UEHEHG o ey | O o iz o pleies | piHese
H5414}{2}{3} > H:[414}{23} and H{Bl234} > H{Bl2}{34} > H}{gl}{Q}{34} = Hg}{234} > H{3124}{3} > Hg}{24}{3} >
UZHEHE o aHeHE) o UHeHEH o s | s o pOane) o g

H){BB}{M} > H}{313}{2}{4}, which occurs, for instance, when a; = 100, a2 = 200,a3 = a4 = 300,¢; =

co = 2,3 =¢c4 =5,7v=0.1,\A =2,k = 0.02. We can verify that in this case {1234}, the outcome
most preferred by firm B, is stable. The only possible defections from this outcome by firm A lead to
{14}{23} or {23}{1}{4}, the outcomes with low preference by A, so A does not want to defect. Now,
consider the outcome most preferred by firm A, {12}{34}. This outcome is the second-most preferred
by firm B and any defection can only reduce its profit, so it emerges as stable as well. Thus, both

all-inclusive and market-based recycling are stable in this case.

2. Next, consider the case H1{4124}{3} > H£11234} > H;{4134}{2} > H{Al3}{2}{4} > H:{412}{34} > H;{L‘l}{2}{34} >
H{Al?}{3}{4} > Hf414}{2}{3} > H£‘13}{24} > H1{41}{2}{3}{4} > H;{41}{24}{3} > H1{4123}{4} > H1{414}{23} >
H;{41}{23}{4} > Hil}{234} and H%l}{234} > H{31234} > H%lQ}{Sél} > H}{;}{Q}{M} > Hg}{24}{3} > H%l?)}{%l} >
H}{3124}{3} > H{Bl34}{2} > H}{3123}{4} > H{Bl}{23}{4} > H;{BIZ}{3}{4} > H{Bl}{2}{3}{4} > H{Bl3}{2}{4} >

H;{314}{23} > H;{BM}{Q}{B}, which occurs, for instance, when oy = 70, ag = 100, az = 200, gy = 400, ¢; =

coa=2,c3 =c4 =5,7=0.5,A=12,k=0.02. {124}{3} is the most preferred outcome by firm A. Any
possible sole defection by B results in one of the B’s two least preferred outcomes, and {124}{3} is
stable. {1}{234} is the most preferred outcome by firm B; A can defect to {14}{23}, which it prefers
to {1}{234}, and if B unilaterally defects to {14}{2}{3}, it improves A’s profit further, so {1}{234}
cannot be stable. {1234} is the second most-preferred outcome by both firms. If A defects unilaterally,
it leads to outcomes it prefers less, and B would not want to defect as it is cannot improve its profits.
Hence, {1234} is stable as well.

Now, suppose that H;{4134}{2} > H;{41234} > H:{4124}{3} > H;{412}{34} > qul}{z}{34} > H1{414}{2}{3} >
H;{413}{2}{4} > H;{413}{24} > H;{412}{3}{4} > H:{41}{2}{3}{4} > H;{L‘l}{234} > H:{414}{23} > H;{L‘l}{%}{?’} >
H{AlQB}{4} > Hi‘l}{23}{4} and H{Bl}{234} > H{31234} > H{Bl23}{4} > H§312}{34} > H%l}{2}{34} > H{Bl}{23}{4} >
H]{;}{M}{g} > H{Bl3}{24} > HEQ}{?’}M} > H{Bl}{2}{3}{4} > HJ{3134}{2} > H{Bl4}{23} > H§313}{2}{4} >

H{3124}{3} > H{BM}{Q}{?’}, which occurs, for instance, when a; = as = 100, a3 = a4 = 300,¢1 = 5 =

2,¢c3 =¢4 =5,7=0.9,A =2,k =0.1. We can show stability of {1234} similarly as above. {1}{234}
is most preferred outcome for B; any possible sole defection by A results in outcomes that both A and
B prefer less than {123}{4}, and {123}{4} is stable. Similar analysis holds for stability of {134}{2},
the favorite outcome of firm A. Thus, {1234}, {134}{2} and {1}{234} are all in the LCS.

3. We now look at the case H£‘134}{2} > H{AlS}{2}{4} > H1{413}{24} > Hf41234} > H;{412}{34} > H;{;}@}{M} >
HEM}{?’} > H1{414}{2}{3} > H£‘123}{4} > H1{412}{3}{4} > HEHQ}{S}M} > HE}{M}{S} > Hgl}{234} >
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H;{414}{23} > Hj[ql}{23}{4} and H{3123}{4} > H{Bl}{23}{4} > I—[{313}{2}{4} > H{BIS}{24} > H{Bl4}{23} >
MU B o U2eH) o e o e o e o gioeer

H1{9124}{3} > Hg}{z}{:m} > HE‘M}{Q}, which occurs, for instance, when oy = 100, = 70,3 =

300, 4 = 150,¢1 = ¢c2 = 2,¢3 = ¢4 = 5,7 = 0.75,\ = 1.2,k = 0.07. The outcome most preferred
by A, {134}{2}, cannot be stable as a defection by B to {14}{23} increases its payoff, and a further
sole defection by A can only make B better off. If B defects from {13}{2}{4} to {1}{23}{4}, which
is its second most-preferred outcome, A would defect to {14}{23}, which it prefers most but, at the
same time, makes B worse off. Thus, {13}{2}{4} is stable. If A defects from {123}{4}, which is most
preferred by B, it leads to one of its two least preferred outcomes, so {123}{4} is stable as well.

If the cost increase in the above example changes from A = 1.2 to A = 2, we have H1{4134}{2} >
s | pOsHeg | iz ql2e) | qiiEe) | gl | qi2ehs | qieae)
Hgl}{Q}{3}{4} > qul}{24}{3} > H;{414}{2}{3} > qul}{234} > H1{41}{23}{4} > Hgl4}{23} and H§3123}{4} >
MRS S gOAEH S e S se0 o s S gioeer o gleee)
i) S s M) gl o pes o gi2es o g @e) S i) e cn show
stability of {123}{4} and instability of {134}{2} similarly as above. If we consider {13}{2}{4}, B can
defect to {1}{4}{23}, which it prefers more than {13}{2}{4}. A may chose to move from {1}{4}{23}
to {14}{23}, which it prefers to {1}{4}{23} , and B would still be better off than in {13}{2}{4}.
Consequently, {13}{2}{4} is not stable in this case. If we now look at {13}{24}, we can consider the
same sequence of defections: B moving to {1}{4}{23}, and A moving to {14}{23}. However, this
sequence would make B worse off compared to {13}{24}, so {13}{24} is stable, too. |
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