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Selving a system of linear equations _
We proceed from equation to equation, from top to bottom. A (L GORITLHMS

Suppose we get to the ith equation. Let x; be the leading variable of the
system consisting of the ith and all the subsequent equations. (If no variables are
left in this system, then the process comes to an end.)

e If x; does not appear in the ith equation, swap the ith equation with the first
equation below that does contain x;.

= Suppose the coefficient of x; in the ith equation is ¢; thus this equation is of
the form ¢x; + .-+ = ---. Divide the ith equation by c. :

« Eliminate x; from all the other equations, above and below the ith, by sub-
tracting suitable multiples of the ith equation from the others.

Now proceed to the next equation.

If an equation zero = nonzero emerges in this process, then the system fails-
to have solutions; the system is inconsistent.

When you are through without encountering an inconsistency, solve each
equation for its leading variable. You may choose the nonleading variables freely; P ~ 15
the leading variables are then determined by these choices. ‘B G_'t:;c}le I

Gaussian Flimination with Backward sﬁbstimﬁon
To solve the n X n linear system

E;: ajx + anpxg + 0t QppXe = O1n+l

Ey: anxy tanx; ot GapXa = oy

E,: amxi tapxy+ o+ Gupde = Gpael

INPUT number of unknowns and equations n; augmented matrix A = (a;j), where 1 =
ispandl=j=n+1

OUTPUT solution xy, Xa, .. ., X, Or message that the linear system has no unique solation.
Step I Fori=1,...,n—1doSteps 2-4. (Elimination process.)

Step 2 Let p be the smallest integer with i = p = n and ap; ¥ 0.
If no integer p can be found
thes OUTPUT (‘no unique solution exists’};
STOP.

Step 3 H p # i then perform (E,} + (E:).
Stepd4 Forj=1i-+ 1,...,ndo Steps 5 and 6.
Step 5 Set mj; ='aj;/a3¢-.
Step 6 Perform (E; — mE;) — (Ej);
Step 7 If ayy = O then OUTPUT (‘no unique solution exists’);
STOP. I
Step 8 Setx, = ayps1/Gn.  (Start backward substitution.)
| - - Bornder &F, mes, 258
Step9 Fori=n—1,..., 1setx = [a;,nﬂ - EFHE a,-jxj] Qi

Step 10 OUTPUT (xy,...,x); (Procedure completed successfully.)
STOP.




ALGORITHM  Gawssian Elimination with Partial Pivoting
6.2 :

To solve the r X & linear system

Ey o anx tapx bt apXe = dyp

Ex o oamXy tapky ot Guake F Grael

En: anixy T apxa bt Qupdn T Qg

INFUT number of unknowns and equations n; augmented matrix A = (g;;) where 1 =
ispandi=j=n+ 1.

OUTPUT  solation xp, ..., x, or message that the linear system has no unigue solution.
Step 1 Fori=1,...,nset NROW({) = i. (Initialize row pointer.)
Step 2 Fori=1,...,n— 1doSteps 3-6. (Elimination process.)

Step 3 Let p be the smallest integer with { = p =< n and
|a(NROW(p), i) = max; =, [a(NROW(j), D).
{Notation: a(NROW(i), j) = a,weom,j.)

Step 4 If a(NROW(p), i) = O then OUTPUT (“no unique solution exists’);
STOP.

Step 5 If NROW(i) + NROW(p) then set NCOPY = NROW(i);
NROW(i) = NROW(p),
NROW(p) = NCOPY .
(Simulared row interchange.)

Step 6 For j=1i+1,...,ndoSteps 7 and 8.
Step 7 Set m(NROW()), i) = a(NROW(}), 1)/a(NROW(i), i}.
Stepp 8 Perform (Engowy — m(NROW{(f), 1) - Exrowwy) — (Enrow(j).

Step 9 If a( NROW(n), n) = 0 then OUTPUT ('no unique solution exists’);
STOP.

Step 10 Set x, = a(NROW(n), n + 1)/a{NROW(n), n).
(Starr backward substitution.)

Step 11 Fori=n—1,...,1
a(NROW(), n+ 1) — 27, a(NROW(Q), J) - x;
a(NROW(i), 1) '

Step 12 OUTPUT (xy,..., %) {(Procedure completed successfully.) .
STOP. Respdes ewnd Farnes '36‘3

setx; =




Gaussian Elimination with Scaled Partial Pivoting

The only steps in this algorithm that differ from those of Algorithm 6.2 are:

Step I Fori=1,...,nsets; = maX|s <. lal;
if 5; = 0 then OUTPUT (‘no unique solution exists’);
STOP.

set NROW({) = i,

1,....n~ 1 doSteps 3-6. (Eliimination procéss.)

i

Step 2 Fori
Step 3 Let p be the smallest integer with i = p = n and

aNROW(p) DI _  |aROWG), DI Busrele s Faireg , T

SINROW(p))  i%ysn S(NROW()))




