
Bi-CG

x0 is given; r0 = b − Ax0;
r̂0 is an arbitrary vector (r̂0, r0) 6= 0
possible choice r̂0 = r0 ;
ρ0 = 1
p̂0 = p0 = 0
for i = 1, 2, ...

ρi = (r̂i−1, ri−1) ; βi = (ρi/ρi−1) ;
pi = ri−1 + βipi−1 ;
p̂i = r̂i−1 + βip̂i−1 ;
vi = Api

αi = ρi/(p̂i, vi);
xi = xi−1 + αipi

ri = ri−1 − αivi

r̂i = r̂i−1 − αiA
T p̂i

end for
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Bi-CGSTAB method
x0 is an initial guess; r0 = b − Ax0;
r̄0 is an arbitrary vector, such that (r̄0, r0) 6= 0,

e.g., r̄0 = r0 ;
ρ−1 = α−1 = ω−1 = 1 ;
v−1 = p−1 = 0 ;
for i = 0, 1, 2, ... do

ρi = (r̄0, ri) ; βi−1 = (ρi/ρi−1)(αi−1/ωi−1) ;
pi = ri + βi−1(pi−1 − ωi−1vi−1) ;
p̂ = K−1pi ;
vi = Ap̂ ;
αi = ρi/(r̄0, vi) ;
s = ri − αivi ;
if ‖s‖ small enough then
xi+1 = xi + αip̂ ; quit;

z = K−1s ;
t = Az ;
ωi = (t, s)/(t, t) ;
xi+1 = xi + αip̂ + ωiz ;
if xi+1 is accurate enough then quit;
ri+1 = s − ωit ;

end for
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GCR algorithm
choose x0, compute r0 = b − Ax0

for i = 1, 2, ... do
si = ri−1 ,
vi = Asi ,
for j = 1, ..., i − 1 do

α = (vi, vj) ,
si := si − αsj , vi := vi − αvj ,

end for
si := si/‖vi‖2 , vi := vi/‖vi‖2

xi := xi−1 + (ri−1, vi)si ;
ri := ri−1 − (ri−1, vi)vi ;

end for
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GMRESR algorithm
choose x0 and m, compute r0 = b − Ax0

for i = 1, 2, ... do
si = Pm,i−1(A)ri−1 ,
vi = Asi ,
for j = 1, ..., i − 1 do

α = (vi, vj) ,
si := si − αsj , vi := vi − αvj ,

end for
si := si/‖vi‖2 , vi := vi/‖vi‖2

xi := xi−1 + (ri−1, vi)si ;
ri := ri−1 − (ri−1, vi)vi ;

end for
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