HAL axioms
HAL problems

HALO001+1.p Short Five Lemma, Part 1
include(’Axioms/HAL0014-0.ax”)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b, ¢) fof(beta_morphism, axiom)
morphism(gamma, d, e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)

morphism(f, a, d) fof(f_morphism, axiom)

morphism(g, b, €) fof(g_morphism, axiom)

morphism(h, ¢, ) fof(h_morphism, axiom)

injection(alpha) fof(alpha_injection, axiom)

injection(gamma) fof(gamma_injection, axiom)
surjection(beta) fof(beta_surjection, axiom)

surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)
exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

injection( f) fof(f_injection, hypothesis)
injection(h) fof(h_injection, hypothesis)
injection(g) fof(g_injection, conjecture)

HALO01+2.p Short Five Lemma, Part 1

include(’Axioms/HALO001+4-0.ax”)

Vmorphism, dom, cod: ((injection(morphism) and morphism(morphism, dom, cod)) = Vel: ((element(el,dom) and apply(mo
0) = el=0)) fof(injection_properties,, axiom)

Vmorphism, dom, cod: ((morphism(morphism, dom, cod) and Vel: ((element(el,dom) and apply(morphism,el) = 0) =

el =0)) = injection(morphism)) fof(properties_for_injection,, axiom)
morphism(alpha, a, b) fof(alpha_morphism, axiom)

morphism(beta, b, ¢) fof(beta_morphism, axiom)

morphism(gamma, d, e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)

morphism(f, a, d) fof(f_morphism, axiom)

morphism(g, b, e) fof(g_morphism, axiom)

morphism(h, ¢, r) fof(h_morphism, axiom)

injection(alpha) fof(alpha_injection, axiom)

injection(gamma) fof(gamma_injection, axiom)

surjection(beta) fof(beta_surjection, axiom)

surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)

exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

injection( f) fof(f_injection, hypothesis)
injection(h) fof(h_injection, hypothesis)
injection(g) fof(g_injection, conjecture)

HALO002+1.p Equivalence of injection axioms

include(’Axioms/HAL0014-0.ax”)

Vmorphism, dom, cod: ((injection,(morphism) and morphism(morphism, dom, cod)) = Vel: ((element(el, dom) and apply(mc
0) = el=0)) fof(injection_properties,, axiom)

Vmorphism, dom, cod: ((morphism(morphism, dom, cod) and Vel: ((element(el,dom) and apply(morphism, el) = 0) =

el =0)) = injection,(morphism)) fof(properties_for_injection,, axiom)

morphism(z, any,, any,) fof(x_morphism, hypothesis)

injection(z) <= injectiony(z) fof(my, conjecture)

HALO003+1.p Short Five Lemma, Part 2
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include(’Axioms/HALO001+4-0.ax’)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b, ¢) fof(beta_morphism, axiom)
morphism(gamma, d, ) fof(gamma_morphism, axiom)
morphism(delta, e, r) fof(delta_morphism, axiom)

morphism(f, a, d) fof(f_morphism, axiom)

morphism(g, b, €) fof(g_morphism, axiom)

morphism(h, ¢, ) fof(h_morphism, axiom)

injection(alpha) fof(alpha_injection, axiom)

injection(gamma) fof(gamma_injection, axiom)
surjection(beta) fof(beta_surjection, axiom)

surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)
exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

surjection(f) fof(f_surjection, hypothesis)
surjection(h) fof(h_surjection, hypothesis)
surjection(g) fof(g_surjection, conjecture)

HALO003+2.p Short Five Lemma, Part 2
include(’Axioms/HAL0014-0.ax”)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b, ¢) fof(beta_morphism, axiom)
morphism(gamma, d, e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)

morphism(f, a, d) fof(f_morphism, axiom)

morphism(g, b, €) fof(g_morphism, axiom)

morphism(h, ¢, r) fof(h_morphism, axiom)

surjection(beta) fof(beta_surjection, axiom)

exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)
surjection(f) fof(f_surjection, hypothesis)

surjection(h) fof(h_surjection, hypothesis)

surjection(g) fof(g_surjection, conjecture)

HALO003+43.p Short Five Lemma, Part 2
include(’Axioms/HALO001+0.ax’)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b, ¢) fof(beta_morphism, axiom)
morphism(gamma, d, e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)

morphism(f, a, d) fof(f_morphism, axiom)

morphism(g, b, e) fof(g_morphism, axiom)

morphism(h, ¢, r) fof(h_morphism, axiom)

injection(alpha) fof(alpha_injection, axiom)

injection(gamma) fof(gamma_injection, axiom)
surjection(beta) fof(beta_surjection, axiom)

surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)
exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

surjection(f) fof(f_surjection, hypothesis)

surjection(h) fof(h_surjection, hypothesis)

Ve: (element(e,e) = Ir, by: (element(r,r) and apply(delta, e) = r and element(by,b) and apply(h, apply(beta, by)) =

r and apply(delta, apply(g,b1)) = 1)) fof(lemmag, axiom)

Ve: (element(e,e) = by, e1,a: (element(by,b) and element(eq, e) and subtract(e, apply(g, b1),e) = e; and element(a, a) and
e1 and apply(g, apply(alpha, a)) = e1)) fof(lemmag, axiom)



Ve: (element(e,e) = by, by: (element(by,b) and element(bs, b) and apply(g, subtract(b, by, bs)) =

surjection(g) fof(g_surjection, conjecture)

HALO004+1.p Lemma for the short Five Lemma, Part 2
include(’Axioms/HALO001+4-0.ax”)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b c) fof(beta_morphism, axiom)
morphism(gamma d,e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)

morphism(f, a,d) fof(f_morphism, axiom)

morphism(g, b, e) fof(g_morphism, axiom)

morphism(h, ¢, ) fof(h_morphism, axiom)

injection(alpha) fof(alpha_injection, axiom)

injection(gamma) fof(gamma_injection, axiom)
surjection(beta) fof(beta_surjection, axiom)

surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)
exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

surjection(f) fof(f_surjection, hypothesis)
surjection(h) fof(h_surjection, hypothesis)

e))
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. \
fof(lemmay o, axiom

Ve: (element(e,e) = Ir, by: (element(r,r) and apply(delta,e) = r and element(by, b) and apply(h, apply(beta, b1)) =

r and apply(delta, apply(g,b1)) = 1)) fof(lemmag, conjecture)

HALO0541.p Lemma for the short Five Lemma, Part 2
include(’Axioms/HALO001+4-0.ax’)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b, ¢) fof(beta_morphism, axiom)
morphism(gamma, d, e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)

morphism(f, a, d) fof(f_morphism, axiom)

morphism(g, b, €) fof(g_morphism, axiom)

morphism(h, ¢, ) fof(h_morphism, axiom)

injection(alpha) fof(alpha_injection, axiom)

injection(gamma) fof(gamma_injection, axiom)
surjection(beta) fof(beta_surjection, axiom)

surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)
exact(gammma, delta) fof(gamma_delta_exact, axiom)
commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)
commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

surjection(f) fof(f_surjection, hypothesis)
surjection(h) fof(h_surjection, hypothesis)

Ve: (element(e,e) = Ir, by: (element(r,r) and apply(delta,e) = r and element(by, b) and apply(h, apply(beta, b1)) =

r and apply(delta, apply(g,b1)) = 1)) fof(lemmag, axiom)
Ve: (element(e,e) = by, eq,a: (element(by,b) and element(eq, e) and subtract(e, apply(g, b1),
e1 and apply(g, apply(alpha, a)) = e1)) fof(lemmag, conjecture)

HALO0641.p Lemma for the short Five Lemma, Part 2
include(’Axioms/HALO001+0.ax’)

morphism(alpha, a, b) fof(alpha_morphism, axiom)
morphism(beta, b, ¢) fof(beta_morphism, axiom)
morphism(gamma, d, e) fof(gamma_morphism, axiom)
morphism(delta, e, ) fof(delta_morphism, axiom)
morphism(f, a, d) fof(f_morphism, axiom)
morphism(g, b, e) fof(g_morphism, axiom)
morphism(h, ¢, r) fof(h_morphism, axiom)
injection(alpha) fof(alpha_injection, axiom)
injection(gamma) fof(gamma_injection, axiom)

surjection(beta) fof(beta_surjection, axiom)

e) = e; and element(a, a) and
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surjection(delta) fof(delta_surjection, axiom)

exact(alpha, beta) fof(alpha_beta_exact, axiom)

exact(gammma, delta) fof(gamma_delta_exact, axiom)

commute(alpha, g, f, gamma) fof(alpha_g_f_gamma_commute, axiom)

commute(beta, h, g, delta) fof(beta_h_g_delta_commute, axiom)

surjection(f) fof(f_surjection, hypothesis)

surjection(h) fof(h_surjection, hypothesis)

Ve: (element(e,e) = Ir,by: (element(r,r) and apply(delta, e) = r and element(by,b) and apply(h, apply(beta, b;)) =

r and apply(delta, apply(g,b1)) = 7)) fof(lemmag, axiom)

Ve: (element(e,e) = by, eq,a: (element(by,b) and element(eq, e) and subtract(e, apply(g, b1),e) = e; and element(a, a) and
e1 and apply(g, apply(alpha,a)) = e1)) fof(lemmag, axiom)

Ve: (element(e,e) = by, be: (element(by,b) and element(bo, b) and apply(g, subtract(b, by, b2)) = €)) fof(lemmay o, conjec

HALO0741.p Standard homological algebra axioms
include(’Axioms/HALO001+4-0.ax’)



