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Key concepts

® we attempt to apply message passing to TrueSkill
® we encounter two problems
¢ the TrueSkill graph isn’t a tree
® we will ignore this problem, but message passing becomes iterative
¢ some of the messages don’t have standard form
® approximate using moment matching (seperate chunk)

® we write out messages in excruciating detail
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The full TrueSkill graph

Prior factors: fi(w;) = N(ws; uo, Ué)
“Game” factors:
hg(wr,,wy,,tg) = N(tg;wr, —wy,, 1)
(I4 and Jg4 are the players in game g)
Outcome factors:

kg(tg,uq) = 8(yg —sign(ty))

We are interested in the marginal distributions of the skills wj.
e What shape do these distributions have?
e We need to make some approximations.

e We will also pretend the structure is a tree (ignore loops).
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Expectation Propagation in the full TrueSkill graph

Iterate

(1) Update skill marginals.

(2) Compute skill to game messages.

(3) Compute game to performance messages.
(4) Approximate performance marginals.

(5) Compute performance to game messages.
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Message passing for TrueSkill

=1, =1, Vg,
N
q (wi) = fw) [ | ~ N(w, o),
g=1
q(wi,) q(wy,)
m;rvlyehg(wlg) = — mcv]gehg(wlg) = —]g»

‘mﬁg—ng(tg) = thg(tgywlg)W]g)m;rvlg_)hg(WIQ)m;]g_,h_g(W]g)dWIgdW]g)

qTJr](tg) = Approx(mﬂ}igﬁtg(tg)mkg—)tg(tg)%
qr+1(tg)

I+l>h ( 9) = T )
a0 my e, (te)
1
= thg(tg»wlg>WIg)mI:ehg(tg)msv,gth(WJg)dtgdwlw

= JJ hg(tg, wr,, Wy, )mf:_l)hg(tg)mzvlg th(WIg )Jdtgdwr, .
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In a little more detail

At iteration T messages m and marginals q are Gaussian, with means u, standard

deviations o, variances v = o2, precisions v = v~ and natural means \ = rp.
Step O Initialise incoming skill messages:

“ o

Step 1 Compute marginal skills:

T = 1o+ Zg -
AT = Ao+ Y, g7 i)
Step 2 Compute skill to game messages:
Ty = 1] —
yr\|*>hg _ }\I”F— }mfvi_)hg(wi)

wi—hg
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Step 3 Game to performance messages:

T —
vhg—>tg - ]+VW] *)h + W]q%hg }mT (t )
hg—tgltg

T i
Hhyoty = ng—mg H]g—mg

Step 4 Compute marginal performances:

p(tg) X N(u’}i —tg )V:rrl —tg )H(U_Sign(t))
N(u’;Jr]){}TJr]) _ qT+1( )

We find the parameters of q by moment matching

T
5T+ T 1—A Hhg—tg
VQ vhgﬂtg( (o—hgﬂtq)) q;-[—+] (t )
ST+l T T }‘th—>tg 9
ug - Hh9—>tg + O-hg—rtg\y(o‘hg‘”g )

where we have defined W(x) = N(x)/®@(x) and A(x) = ¥(x)(¥(x) + x).
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Step 5 Performance to game message:

T+1 _ ozt+l T

T‘tgahg - rg T‘hg—>tg TTLT+1 (t )
ATH] = AT+t _ T tg—hg' "9
tg—hyg g hg—tg

Step 6 Game to skill message:
For player 1 (the winner):

— ‘I+VT+] 4T

tg—hy Wiy —hg
T T+1
le g —)hg + Htg —hg

and for player 2 (the looser):

— 1+VT+1 4T

tyg—hyg ngﬁhg
T _ T+
legahg “tg—>hg

Go back to Step 1 with T:= 71+ 1 (or stop).
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