
���������	��
��������������������� ����� �"!$#&%'#)(+*-,&. /1032424�5����68719)��;:3�

< �>='?-@BA1CEDGFH?-IKJ4L)M4@BA
R =

n
⊕

i=1

Pi

J3NBL)M4I1OQPSR)T)?-R
Pi

T)PSUV?WD1XYFH?-I[Z�M4R3X�L\N�XN�X�I]NBR^OQM1T)_)IS_)`-acbd?We3?Wf-f-CED
Pi gX�h-`

Pj g XY`Vf-M4OQ`VfWh-T)M4`VR\N�D�J4L\N
Hom(Pi, Pj) 6= 0

e�NB@BA
Hom(Pj , Pi) 6= 0

JBhW`�I]?-@BA3?-R)?�D
K1, . . . ,KtNBf�iS@BAjD�N�k�MBXlXm@BUnBF�o4`l`Vf-?-FHC)@4@4pQD3M4OqkrM4R)?-R)`V?-PKatsuP]f-M4R3AEi[X�`V_EDvZ�?BJwL)M4@BA

⊕{Pi |Pi ∈ Kj }
T)PSU�?�D1X

FH?-I[Z�M4R3X�L\N�XN�X�I]NBRxPST)?�nBI y�N
R g R)?WD;OQPSR)T)?-R

j g U�?BJ+h-` R
?-f-?WD1R)?WDxNtT)P[U�?WD"XzFH?WISZ�M4R3X�L\N�XN�XVI{NBR�@BAE|EU�|ED1R)?WD

N}T)P[U�?WD"Xmo4`V`lf-?-@4?Ba
~ �>suP]f-M4R3AEi[X�`V_ED�Z�?�J'L)M4@BA�L\N

0−→X
α

−→Y
β

−→Z −→ 0 � _)`VI{NBR)T)?WU8�"�m?-P[X�?-R g `lMBU�M4f�N�X�J�N�D"D3MBU
0 <

Z1 < Z
UVh-`Vf-OQM"T)_)I]_)`lU�NqN

0−→X
α

−→Z1β
−1

β
−→Z1 −→ 0

`VMBUVM4f�N�XmFH?WI]L\NB`�NBT)�)a
� �Q��?-@BA3?-R

AA =
1

3

1

⊕ 2

1
⊕ 3

1

a � T�yV_ED�Oq?-@qNBf�?-@BA1`Vf-?WU�|�OQM1T)_)IS_)`VMBD � _)`VI{NBR)T)?�U��"�m?-P[X�?-R g ?-ISX�M4I[X�y�NBPSX-a

���Q��?-@BA3?-R
AA = P1 ⊕P2

J�NBL)M4I
P1 =

1

2

2

hW`
P2 =

2

2

2

J�X�M+e�n�Z)Z&n
P ∗

1
= Hom(P1, AA)

hW`
P ∗

2
=

Hom(P2, AA)
a}��N�yVf-M4I yV_ED�FHo4I�N

P ∗

1

h-`
P ∗

2

Z&NBI
A g OQM1T)_)IS_)`VMBD���M1?W��A g T)P{NB@BUNBOdy�n�X-a}�;NjNBf

α :
P2 → P1

L)M4OqM4OQMBUV�\f-O�_)`�D3h�k�?^?-@BA1T)P]OQ?-R)fWP]�4`-J�N�D"D3MBUdOQPzNBf^?-R)R)?WD�OQ?W@4FH?-I]?-ISp
α∗ : P ∗

1
→ P ∗

2L)M4OQM4OQMBUl�\f-O�_)`�N���M1?W��A g T)P{NB@BUNBOqMBD3M4R�OQ?-@3NBTEe�N3���;N�Xn�U�M4fWf-_ED�Oq?-@�?-R)R)?WD�`V?-@4iSXV`Vh-@4hWe3?-I5NBf
1

2

OqM1T)_)I]_)` � � g ?-ISXVM4ISX�y�n�X�a
� �Q�;N�Xn�U�M4fWf-_EDvOQ?-@qNBf

A
NBI]@4?WZ)U�N � _)`VI]NBR)T)?WU��"�m?WPSX�?-R g @BUnBF�y�n�X�J&L\N

AA =
1

3

1

⊕ 2

1
⊕ 3

1

a
� �>suP]f-M4R3AEi[X�`V_ED�Zr?BJdL)M4@BA�N

Z3D3 � `VMBkrMBUVXNBIS@4?WZ)UN�PSf-M4OQMBU�FxNBf-f�NBI;N
Z3

FHo4I]oBXlX�Pd@BUnBF�NBI]@4?�Z)Un�e�NBI J
NBOQ?-I[A1U�?�N�yVMBZ)Z�U�?-@4_)I]n�U�P]`�OQM1T)_)IS_)`���M1?���A g T)P{NB@BU�NBOdy�N 1

2

1

⊕
2

1

2

a
¡ �>suP]f-M4R3AEi[X�`V_ED¢Zr?BJ�L)M4@BA£L\N�N

K
X�?-`lX¤D�N�UN�D1X�?�U�P]`Vf�X�PSD�n�y�N

p
J5N�D1D3MBU¤?-@BA£X�?WXV`Vf-p4I]?W@4?-`

G
e3h-@4?-`

p g
� `VMBkrMBUVX

KG � `VMBkrMBUVXNBIS@4?WZ)Un�y�nBR\N�D¤¥"N � MBZ\`VM4R g UNBT)P[DBnBI y�NGNBf-MBD"Z��4I\NBfm?WI]?-OQ?�D1Z�p4I\nBISI J¦NBOQ?-I[A3?WD1Zr?-R
NBf�?-@BAECEXVXVL\N�X��BDvo4`V`Vf-?W@4?

0
a��;nBR¦A§R)?-O¨P]fWM4OQMBU�F�?-@BAE`VfW?WU�|�OQM"T)_)I]_)`teBNBR

KG
FHo4ISoBXVX©�

ª � < �Q��?-@BA3?-R
0−→X

α
−→Y

β
−→Z −→Z → 0

?-@4f�N�D"X�`VMBU�M4f�N�X-a�stPSf-M4R3AEiSXV`V_ED�Z�?�J�L)M4@BA�L\N
α

P[UVU�? gT)_ � P[Z\P]I]PS`-J\h-`
Imα ≤ Y1 < Y

J&N�D1D3MBU
Imα

T)P[U�?WD"X�o4`l`Vf-?�NBT\NBR)T)�+y�N
Y1 g R)?WD�a

ª � ~ �Q��?-@BA3?-R
AA =

1

2

3

⊕ 2

1 3
⊕ 3

1

a � T�yV_ED§OQ?-@QN
2

3

OqM1T)_)I]_)` � _)`VI]NBR)T)?WU��"�m?WPSX�?-R g ?-ISXVM4ISX�y�n�X�a


