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Write the indices of the matrices in the trace out explicitly

f H X L � Tr H X ¬ A X L - 2 Tr H X ¬ B C L
� Xb a Ab c Xc a - 2 Xb a Bb c Cc a ,

where Einstein summation convention is used (sum over repeated indices).

To take the derivative with respect to X  we need to know that

¶ Xa b

¶ Xd e

� ∆d a ∆e b � ; 1 if the indices match

0 else

∆  is called the Kronecker−∆ symbol.  So then just use linearity and product rule for the derivative to get

¶ f H X L
¶ Xd e

�

¶ Xb a

¶ Xd e

Ab c Xc a + Xb a Ab c

¶ Xc a

¶ Xd e

-2
¶ Xb a

¶ Xd e

Bb c Cc a

� ∆d b ∆e a Ab c Xc a + Xb a Ab c ∆d c ∆e a - 2 ∆d b ∆e a Bb c Cc a

� Ad c Xc e + Xb e Ab d - 2 Bd c Cc e

� H A X L d e + H A ¬ X L d e - 2 H B C L d e

where in the last line we gathered up the indices again and hid the sums.

Finally, rewrite in matrix form

¶ f H X L
¶ X

� A X + A ¬ X - 2 B C � H A + A ¬L X - 2 B C

So f H X L  is at a stationary point if

H A + A ¬L X � 2 B C

 
Symbolic Checks:

In[1]:= Hn = 2; X = Array@x, 8n, n<D;

A = Array@a, 8n, n<D; B = Array@b, 8n, n<D; C = Array@c, 8n, n<DL;

In[2]:= D@X, 8X<D � Array@Boole@ð1 � ð3&& ð2 � ð4D &, 8n, n, n, n<D

Out[2]= True

In[3]:= D@Tr@X¬.A.XD, 8X<D � Array@D@Tr@X¬.A.XD, x@ððDD &, 8n, n<D

Out[3]= True

In[4]:= D@Tr@X¬.A.XD- 2 Tr@X¬.B.CD, 8X<D � HA + A ¬L.X - 2 B.C �� Expand

Out[4]= True


