Supplementary Materials
1. Derivation of solution for common W matrix:

Suppose X' i=1, 2,..., m be matrices representing m types of genomic assays profiled on same set
of n samples with p; features, W be the common basis matrix, H', i=/,...,m be the individual
data specific coefficient matrices and 6% > 0, i=1,...,m be the weights for several data types.
Then we can write

X;'lxpi ~ ankH;.cxpi i=12,.m
Where Wi = 0, Hjyp, =20, i = 1,2,..m

The intNMF problem minimizes the following objective function

Q Z Hl(anp nkalicxpi)z
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Q= z \/_ (anzﬂ nka;cxm)]
i=1
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There is no global minimum solution for NMF problem. Therefore, it is unrealistic to design an
algorithm to find the global minimum of Q. We derive approximate solution for W. Since our

objective is to approximately factorize anp into W, and H;'(Xpi matrices for i=1,2,...,m
and that each of the m terms in the above equation is strictly positive we can write,

VO Xy, = WosicHlp,) = O,
VOXly, % N0 W Hi,
For simplicity, writing the expression in the form of equation
VO Xy, = VO WosieHisp, + Chsy,
Where C;Xm is matrix of constants having small numbers.

Multiplying both sides by transpose of chxm and summing over i
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Where, Cpy = 272 Chixp, (H")Z is a constant. Note that H!, i=1,...,m are computed
ixk
separately.
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Wioen = (ZJ_ Xioep,(H),, )(ZJ_ CECODM ) + Gy
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Where ¢, = [ — Chyoie (XM VOI(H (HD ) i) 1] constant matrix. Writing back in approximate

form,
T

Wi =~ |( Vo (r()") Z VO Xy (H),
B won. )] [E o)

This equation can be solved using non negative alternating least square method. Finally W, is
obtained by the transpose of W%,

2. Solution for H matrices

H' i=1,...,m matrices are solved using non-negativity constraint least square method.

Hkxp ~ (WTW)kaWanX;:'IXpi l = 1I2I e, m

such that H;cxpi >0



3. Convergence of intNMF to standard NMF whenm — 1

For, i=1,...,m the solution for W is given by

Wi, ~ <Z‘/_ Hi(H)") ‘ [ ZJe_l Xiyp (H) - )

T

If m-1,
711, 4 T
When ~ (Z Voi (Hi(H)") ) (Z VO Xy, (HO), )
i=1
There is no need of weight for a single data. i.e. 8¢ — 1
7171 1 T
| (37 (), ) | (2o, )
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= [CCH D)) | (K, (DS, )]

= (H*(H))ixx Hixp, XY
Which is solution of

(Xl)plxn ~ (Hl)plxk kXn

1 ~ 1
= }(nxp1 ~ [/anklikXp1

For simplicity, writing p for pa1, X for X* and H for H™.
Xnxp = Wik Hpxp
Which is standard NMF problem.

(Complete set of supplementary figures are provided separately with S2 File. Complete set of
Supplementary Figures).



