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AJITOPUTM LDU-PA3JIO2KEHUA 1 IIPUMEP
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Karouesvie caosa: haxTopusaiinsg MATPUIIBI; PEKYPCUBHBIA OJIOTHBIN aJrOPUTM; KOMMY-
TaTUBHAasA 00JIACTD.

PaccmarpuBaerca meTepMUHUCTCKUN PEKYPCHUBHBIN aJTOPUTM TPEYTOJBHOTO Pa3JI0¥Ke-
HUsI MaTPHUI] HaJ KOMMYTATUBHBLIME 006jacTaMu. [lo dmcay KoJIbIEBLIX OHepalinii ajiro-
pI/ITM mnMeeT TaKyIO Ke CJ'[O)KHOCTB, KaK " ManI/IqHOQ yMHO)KeHI/Ie. Ha HpI/IMepe HpI/IBO—
IATCA TANbl PA3JIOKEHH MATPHUIIBI BOCBMOIO TOPSIIKA.

1 Bsenenne

k

Ilycte R — xomMmyTaruBHas obnacts, A = (a;;) € R™" — Marpuia nopsixa n, Q;; — 3TO
MUHOpD pasMepa k X k marpunbl A, KOTOpBIA PACIOIOKEH HA IePeCeUeHnn CTpoK 1,2, ..., k —
1,7 u cronbuos 1,2,.... k — 1,5 ana seex ueawix 4,5,k € {1,...,n}. O6oznaunm o’ =1 u
af = af ;. nus Beex auaronaababx Munopos (1 < k < n). Ucnonbsyem obosnauenue 6;; st

JenpTa-cuMBoia Kponekepa.

Teopema (cm. [1-2]).

Hyemo mampuya A = (a;;) umeem pawe v, ¥ < n u o® # 0 dan s = 1,2,...,r moeda
mampuya A bydem pasna npoussedeHuto cAeOYOUUT MPer MAMPUY, ;

A= (a] ) (050 ') (ai ).

i?j

Marpuna L = (afyj) — 9TO HUKHsIS TPEyroJbHas MATPHUIA pasMepa n X r, Mmarpuna U =
i _ i1, iy—1
(aj ;) — 9T0 BepXHETPEYTO/IbHAS MATPHIA pasMepa rXn, u D = (§;;a' ') — quaronambhas
MAaTPHUIA pa3mepa 1 X 1.

Hna moboit marpunpl A Gyaem obosnauars A7
YeHHH CTPOK i1+ 1,...,79 # cToa0mOB ji+1,...,j2. 1 Oyaem obosnauars Ajl amaroHa bHBIN
ook A2

1,22
Torya B 6aounoit popme LDU pasyioxkeHne MOXKeT ObITH 3aMucaHo Tak [1-4]:

ee OJIOK, KOTOPBIIl HAXOIUTCA Ha Iepece-

AY o ADh [ Ly 0 } [Dg 0 } Uy Ut
n — k,n k,n 7’7’
Alg:k Afb LO,k: Lk,r 0 Df 0 Uljn

Iycrs AF = (aff') marpuna pasmepa (n — k) x (n — k) ¢ snemenramu o) 7', i,j = k +
L...,n—1,n u A% =(a},)=A.

i,J



k .
Torma marpuna A} taxke 3anuceisaerca B Buge LDU pazsoxkenns B 610unoit dhopme

Ik 01 Dt oHU;f Us’f;f]

k __ 1tkpnkrrk
A =L D; U = {LZ:Z L?? 0 D 0 Uss,’vg

Mpur 6ysem Beruucisats LDU paszsioxkenue, UCHoib3yd OJOYHBIA PEKYPCHBHBIN aJITOPUTM.

2 Aaroputm

Bxojnble gannbie — 3ro Marpuna AF u onpenenurens of (0 <k <n), a®=1.
Pe3y/IbTaToM BBIMHCIEHHH ABISAIOTCS TPU MATpHIbl LF = (aij) , DF = ok (6 atai~1)71 UF =
(a;j) , KOTOpBIe JaioT pazaoxkenne Marpuibl AF . Kpome TOro, BEIMUCAAIOTCS JTOTOTHATETHHO
eme aBe Marpunsl MF u WP koropbie ncnosb3yiores Ha ceyioneM mare.

Lleasle yncaa k ¥ S JOJMKHBL yaOBJIeTBOpATh HepaseHcTBY 0 < k < s < n. Ecim npu-
meruTh anroputm K Marpune A = A% u wueny o = 1, to B pesynbraTe GyIeT BBIMHCIEHO
pazjioxenune marpunsl A: A= LDU .

Input: (AX o), 0<k<n.
Output: {LF {a*t o*2 . an} U ME W}
rie DF = ofdiag{aFa**! ... a"la"}7t, MF = (LEDEY-L Wk = (DFUF)L.

_ -1 _
1.Ecmm k=n—1, AV = (a") MaTpuna nepBoro mopsjika, TOT/Ia MOy THM
{an’ {an}7 an, an—17 an—l }
Oénfl B

2. Ecmm k=n—2, AZ—QZ
voo0

amt 0 B I 1 0 1 —B
([ S 2115 S 20}

an—l B

v o0
3. Ecin nmopsgok marpunpt AF Goabme asyx (0 < k < n — 2), BoiGepeM Iesoe 4MCIO S B
unrepsaje (k < s <n) u pasuejuM MaTpuily Ha OJIOKU

A* B
k __ s
An_[c D]'

MaTPHIA BTOPOTO MOPAJIKA, TOJTYINM

rie o = (a2

3.1. IlepBbIil peKypCUBHBII AT

{LE {aF* ok+2 o}, UF, MF, WE} = LDU( A", oF)

3.2. Beraucaum MaTpuIibt

Uy = MFB, Ly = CwF,
A = (")t (D — LZ:ZD’;U;“”;).

n

3.3. Bropoii peKypCcHUBHBI TIAr
{Ls {52 . an}, US, M2, W} = LDU (A8, o).
3.4 Pesyaprar
{LE {aFFh QM2 o)y, UR, MF WY,



AT

Ol D7 A R
K M; 0 w_ [ W8 o' WEDIUGW
Mn = —lassysnmnkask s 7Wn = s ' :
—Qy MnLk:stMs Mn 0 Wn
3 Ilpumep
7 -2 6 0 3 -9 =8 9 T
—4 0 0 9 6 0 3 5)
6 0 7T -4 -4 -2 -3 6
_ _ 13 8 0 2 0 -3 -2 4| [A B
Input: {A, a0}, ap=1, A= 5 0 -7 0 -3 0 8 -—5 [ C D]’
0 0 0 6 1 7 0 0
-5 1 -3 -8 6 0 -5 0
3 0 -3 0 0 -8 0 -5 ]

Output: {L3,{a1,a9,...,as},US, M, W}, D§ = apDiag™H{apay,...,aras}.

3.1
7T -2 6 0

Input: {A}, 0}, ap=1, A} = _64 8 2 _94 - [é§ IBSI’ ]’
3 8 0 2

Output: {L$,{a1,..., a4}, U, M) W | D = agDiag™H{apan, . . ., azaq} .

3.1.1

7T =2
Input: {AY, o}, ap =1, A) = [ 4 0 ] , Output: {L9, {1, a0}, U3, MY WL,

{041, 042} = {7, —8} , Dg = aODiag{aoal, alag}_l = Dl&g{l/’?, —1/56} ,

70 7T -2 10 1 2
R R e R P P

3.1.2

ag = —8, f/:aglC’WQ():[g é;], ﬁ’:aglMgB’:{il 603]’
2 _ Y2 ) Frp0T —56 —76

A4_a0(D LD?U)_[—192 574 |-

3.1.3

Input: {A2 as}, Output: {L2, {as, a4}, UZ, M3, W2},
{as,as} = {—56,—-2194} , D? = asDiag{asas, azas}~t = Diag{—1/56, —1/15358} ,
—56 0 —56  —76 -8 0 -8 76

2 __ 2 _ 2 _ 2 _
L4_[—192 —2194]’U4_[ 0 —2194]’M4_[—192 —56]’W4_[ 0 —56}



3.1.4
{a1, a, a3, 04} = {7,—8,—56,—2194} , DY = Diag{1/7, —1/56,1/448,1/122864} ,

— ~ 0 -126 1 —; ~ 0 —12
(A v 74N 2 1V) 324V v — I — _Ar27/1HO0As0 —
70 0 0 N 7 -2 6 0
70— Ly 0]_| -4 -8 0 0 go_ | U U ]_|0 -8 24 63
4 L L2 6 12 -56 0 P 0 UZ 0 0 -56 —76
362 —192 —2194 0 0 0 —2194
1 0 0 0 - 12 0 -126
270 — My 0 ]_| 4 70 0 wo_ | We W _ |07 —24 -213
4 M M? 0 -12 -8 0 |74 0 Wi 00 -8 76
—224 —146 192 —56 00 0 —56
3.2
2 4 56 —784 3 -9 -8 9
=~ 0 0 0 -336 | =~ 54 =36 —11 71
_ -1 0 _ _ —1la0p
L=ag CWi=1 5 3 o g7 [PV MiB=) 4y 16 _12 —i08 |
3 6 24 —606 —2316 1800 890 —1370
21454 —20812 —36594 —4954
o g Q4 wog=c | 11702 —26158 —5340 8220 | _ [ A§ B
a1 =—2194, A _ao(D LDIU) =1 37863 30348 32338 —21343 | ~ | C" D"
10488  —46  —15978 4874

3.3

Input: {Ag, a4}, Output: {L3, {5, a6, a7, a8}, Ug, Mg, Wi}.
D§ = a4Diag_1{a4a5, a0, QaT, Tag

3.3.1

21454 —20812
IHPUt: {Aé7a4}7 OU'tPUt: {Lé’{a57a6}7Ug’Mg’Wé}? Aé = |: 11702 —26158 9
{as, a6} = {21454,144782} , D = auDiag{auas, asag} ! = Diag{1/2145, —1097/1553076514} ,
4 21454 0 4 21454 —20812
L = U =
6 11702 144782 |’ 6 0 144782 |’
—2194 0 —2194 20812
4 4
Mg = [ —11702 21454 ]  We = [ 0 21454 ] '

3.3.2
—36594  —4954
—142962 —106802 |’

2543683 2296046
—786084 —974480 |-

—37863 62406

T _ =14
L= a, G _{ 10488 —99038

:| 7 (7// _ a;lMé‘B” _ [

a6 = 144782, AS = “*(D" — L'DL0") =
Qg

3.3.3

Input: {AS, as}, Output: {LS, {aras}, U, M, W}, {ar, as} = {2543683, —4654468} ,
D§ = agDiag{agar, aras} ! = Diag{1/2543683, —72391/5919745562822} |



16— [ 2543683 0 } 176 — { 2543683 2296046 ]
8 —786084 —4654468 | 8 0 —4654468 |’

26 — [ 144782 0 ] W6 — [ 144782  —2296046 }
8 786084 2543683 | 8 0 2543683

3.3.4

{as, a6, a7, g} = {21454, 144782, 2543683, —4654468} ,
D} = Diag{1,/21454, —1097 /1553076514, —1097 /184139756053, 1097 /5919745562822} ,

i _ —WEDED W _ [ 385638 —3708067] 1 — —MEL DiME _ [ 280557  —62406 ]
o 142962  —390773 |’ o —620453 1401175 |’
21454 0 0 0
L4:[gg 0 ]: 11702 144782 0 0 M4:[J\A{§ 0 }
s L" L§ —37863 62406 2543683 0 P M" Mg |’
10488 —99038 —786084 —4654468
21454 —20812 —36594  —4954
Ut — [ ug U } _ 0 144782 —142962 —106802 - [ wE W ]
8 0 U§ 0 0 2543683 2296046 |’ 8 0o w¢
0 0 0 —4654468
3.4
{aq, a9, ag, ay, a5, ag, az, ag} = {7, —8, —56, —2194, 21454, 144782, 2543683, —4654468} |
DY = apDiag{apaq, -+ ,arag} ! =
Diag{7, —56, 448, 122864, —47070076, 3106153028, 368279512106, —11839491125644} ! ,
7T 0 0 0 0 0 0 0
—4 -8 0 0 0 0 0 0
6 12 -56 0 0 0 0 0
Lo_[LNg 0 ]_ 362 —192 —2194 0 0 0 0
81 L Ly | 2 4 56 78 21454 0 0 0 ’
0 0 0 —33 11702 144782 0 0
-5 =3 0 637  —37863 62406 2543683 0
| 3 6 24 —606 10488 —99038 —786084 —4654468 |
(7 -2 6 0 3 -9 -8 9
0 -8 24 63 54 —36 —11 71
0 0 -56 —76  —40 16 —12 —108
UO_[U}B U ]_ 0 0 0 —2194 —2316 1800 890 —1370
Lo U] |0 0 0 0 21454 —20812 —36594  —4954
00 0 0 0 144782 —142962 —106802
00 0 0 0 0 2543683 2296046
[0 0 0 0 0 0 0 —4654468 |
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Malaschonok G.I., Scherbinin A.S. ALGORITHM OF LDU-DECOMPOSITION AND EXAMPLE.

Deterministic recursive algorithm of matrix triangular decomposition over commutative domains
is considered. The algorithm has the same complexity as the algorithm of matrix multiplication by the
number of operations in the ring. Stages of decomposition of the matrix of the eighth order given in
the example.

Key words: matrix factorization, block recursive algorithm, commutative domain.



