Qualog 2% Jume 202>

MONOIMAL WINTH

$hmo. Di oo
b ol ol ol

Tfinn, Uninensly o Tachnlogy 1



AXED-PARAMETER. TRACTABILITY

Beme pna?r?zmw gl e oomen o rfve en AGuwﬂmo,QQ\é
AUYY\'\RL” by

Theorem (<Bouncefe Aseso)

%um%(msrmﬁém mt@\zmwmdwwmdmdmio%z

wm)&enm‘&e&m/&nm\lmwamo&o{\ﬁw
oﬁ medxi
i
Q - ])I({,. v E) - S)—€<1



OVERVIEW
. .«L- -N. ~ .
. Slnoduce, monodol wadlfh To meonune Aswclunod



STRING DIAGRAMS

€ /wgwml}umwwndnfl oy
é A-b &—-»C AN

wm(mﬂm ;9 A-C n B¢
A=, F A= im £

. monaudod yuwdurt %@& Ao — Bobk :%:‘

 rmding Gy« Aol —> B o s
Ve = XL Calunaliy)






TREE. DECOMPOSITIOND

Gr'm“ﬁ"“ @mwhwﬂmm:

GeH Q?MPJB GM\A,HOQOV\%W\Q,WWX.
3

s

x| et N X
) eb%sx'\! - 1>
O G duompeilion of G in o lown fo G, adow
opnolions one ofuimgy allnay souncen ey, delleion. of nouncer <,
QM(LO/VL!A% e%.

(4 o 3
x
!> ¢ <! = ah.\(( e’“a e{x,ta,ﬁ egz ) efx'n ext)

e{*,'@ a(a,}.) « e’“a e(x,‘a,ﬁ €y2 ) Dx2) 6,(,_)

[Qdentron. 5 <Seymonn 138, Louncalle. 4930



DECOMPOSING MORPHISMS IN MONOINAL CATEGORIES

wm(mﬂon. X wmﬁym)/w@m
. menoidod rlrwriamt ® A»rmmmm%map A«‘Ar;'fna-/&db
(Aed);(qeq) = (§;0) 0(F; )
:



MONOIMAL DECOMPOSITIONS
Q. mowoidoll duompslion. d.eDy of AX—Y in
d .- (%)
| dd/i‘-\dl Ag é=%¢jc é?. ,d'ae"@é“dfze'@éz
L grond, & 4-fok by, diedy

T _ BHE-
RV |y N ry R g Ry BRI

PR Ny
® ® YZAN 77\

SR § a4 8 9



MONOIDAL WIISTH

WEIGHT FUNCTION
W «nompﬁt‘-e — N mch thol
cax(;09) + s (4y) > w(]) + wla)

-'w(é@%) = 'w(&) ¥ 'w(%
WISTH OF A bECOMPOSITION @wi*mmviweepmhm

wd (d) .= as(}) d-()
| /wmx{'wd.(om) wldy), wl(d,)) A 4™y,
| W{Wd,(d,ﬁ) 'ldd,(d,z)} d,= d’}e’\di
MONOIBAL WINTH

mastl (R) = m wd. (d) ‘\/oerztcﬁ o. Reoper dum(wxllm



MONOIBAL WINTH INCENTIVISES PARALLELISM

- _ O
P N Y A Ky B

) ®
®/lvov\ | 4 .o\,
7/ \y ™ = s\ AN

3 9 8§ 34 9
wtl(dL) = max{us(f), aslgy, 22 ()Y > man{as(§), sy, a5} = ad ()



OUTLINE

. Romk andh
. Bromdh width

ﬁmeirwwmﬁmliwfaﬂaﬂhé



BIALGERRA : THE PROP oF N - MATRICES
- - 3=

COCOMMUTATIVE COMONOIN

-t C-- -

COMMUTATIVE  MONOID

2==395 === J3ee 3

BIALGERRA

3-Z 3Cr o
St

[
o—e = ! !
Lo

[ 2omars, 20t0)



'is
|
000 o—
st (jé)()) :2}C5
N0 ==

acr - e mowimol vedicof wk im o mobix
i nomk m{&el}\llﬂ;(b}&c}znwnytﬂ

) }—C
ok A =2 il P



is
!
000 ~—
0. [ids) - €
z.—aoo@_) s el ¢

acr - e mowimol vedicof wk im o mobix
i nomk m{&eNlﬂz&}&Clzmm,Vtﬂ

) }—C
ok A =2 il P



THE WINTH OF NATURAL NUMBERS

W (Qiodn) — N ~ w—C) -2
M)O-Lr]go;\’m% —> (YNOX {NY\'M.} w(}\ _9

LEMMA

masd, () €2

u m(—dgb— ) .

'wd,(_{'(-_{z_}‘}_ ): 7



THE WINTH OF MATRICES
Mobricon cam Lo aniflom im Blockn

A0 - O
H:(‘;HL‘ : ) = Hj@ﬂz@ "'eﬂb
08,

)= 3 e e

Ro oo

00
A4

o R=|yy
00

THEOREM

mox nomk A, ¢ mwd A ¢ mox namk A + 4

« wot(?é?) - rmox{n(]))n(ﬁ))n(z)}u =2

i |
1 41



OUTLINE

ﬁmeirwwmﬁmliwfaﬂaﬂhé



A PROP OF GRAPHS wellix

> Bl g amrg: =
[G] - [(H] <« =

fol %m&,}@o\% 8 DocinRi oo ]



GRAPHS AD MORPHIOMS - EXAMPLE

Mmz&m@l}wx
(830~ gum dy the ol
MW%A[G]%W

\0
-

~ \./\
~ N,



QANK, W\E\—H [6wm &%&nm) 2006]
G undiaczd. W

RANK.  BECOMPOSITION

Y,n)  whee

N o pubube e (omgrde han of ol 5 maighbouns)
oot 25 welion@) O dabellng, Hgilion

oﬁae Wmm%;:m);,
RANK, WISTH

o (G) = willf,n)  ~ &b o o choywl duempesdion.

wisth oF (Y,n)
> X

Nd.«(\/'\‘b) ::e%y MM&(X@)



RANK. WINTH - EXAMPLE

Q- x|
REAIR
4(423)
/ PAVE N
I\
1,_2 1 \ 2
Tyl i
" ..... 5 ° =
4 3 00
T Mo / iz >
L (444)



RANK WINTH 3 MONOIMAL WINTH
(G)  undinedid ok

3 - 0—0 i gk

THEOREM

St (G) ¢ () ¢ 2 mad (G)

= B,

Di Lo g Delooindi 2007 ]






FROBENIVS : A PROP oF T-STRUCTURES
- — D — {I® fm&eto{@m%m

COCOMMUTATIVE COMONOIN

-t T -- -«

COMMUTATIVE  MONOID

-3 3-- O--3

FROBENIWS

O--— 5 ->c¢

(onchi, Befn 5. Serinkc 203]



GRAPHS AD MORPHIOMS - EXAMPLE
WAWWLW aw T-Awdinen 1ol tz{‘@‘]



BRANCH WINTH  [Qdbenlrom &V&(&mw.)mm )
G undinecled. W

BRANCH  BECOMPOSITION

A whee

N o pububic e (commde han of mob 5 maighbousn)
oD Z dgen(@) ™ B, Ao,

wisrh oF (Y A

7 {He (BJ E\DVL
wl Y ) - | omdn A n amon e | € o
T gy ’ OFe m@fﬁ%

GRANCH  WINTH

Aad(G) = . st (7, 8) - @l of 0.09\20{\.0/{ dacompenion



EXAMPLE

BRANCHA WINTH -

\/
/\
o —-—
° L]
.\l [ ] /
[ ]
\ Io\'/o\mlb
L ]
lo]
o
-]
AN 9
(g}
[ ] “ [} [} “ °
L./o\5 -~ S\ /an
A H.\/s
- i h



BRAANCH WINTH & MONOIDNML  WINTH

G-(V,E) MldAflR.CﬁIL
9 = g;G& : Woew(u@a{&)

THEOREM

S (G) ¢ md (9) ¢ Al (G) +4

0 °
‘\o ',‘

© (S H )



OUTLINE

. Romk andh
. Bromdh width

| - Boed-paomdin, hodabitliy |



COMPOSITIONAL  ALGORITHMS

£ O monoidold ‘ . MsoL- Xmoeth
p‘-e—'«% ImﬂY\OLdKLQ, JD’L M’MﬁOL-'. ] EME 0
A

ot of suions . o T Anaclinn,

w - £ >N owighl funch - . mumfien & welicon
0 wm:n[ithﬁmﬂ oflogulm ,f%f”g anl. 5 compulen

1. PR im Gme  O(calQ)) - w(Y)

2. PY;Plo) im D im lme OCclas(4,)) - (15(§) + aslg))
3 PP im D im lme OCc(4) - (as(g) + as(§)

/?01 Jome gumctm\, c:N—oN .

\mmﬁla mo thom oxpemenlind

[ Lounalle & Malowsshy 2002]




FEFERMAN- VAUGHT THEOREM
THEOREM
o t-Audinen A B KB and o sd X of muncen,
A¥z A;Mso(t) A O/V\;d/ E)ngo(t)B) mﬂv\, Aexﬁ ZM50(T) A‘OXE:: :
Lompuling Ae,® Fy g Thugw(R) ond Thyg,, (®)
dovs mel dapond. en. Ao 5.
COROLLARY
Thew in o menadad ﬁwwcfm.
- Bt (T) — C%Buub(c)/gmm)
A — TR

Mol com B compudad. asih, a. eompestional dlggulim .
(Sevmam. 8 Vaughl sasa | Lounclle 8 Makowsky a2 ]



MONOIDAL. FIXED-PARAMETER. TRACTABILITY

P°€—»9 ‘WLWLQ,
mﬁwnwntwfmaq&% N i
J{Axedv WMW%MWMMMM

(\ﬂaﬂz«%(Af/ /m/wd,( ) < R camru&m% PR

c(R) . fw(/&)) {701 Aamz, c. NN .

UQQ, € MO, GVL'C
wwemmmm?w b,



SUMMARY & FUTURE NRECTIONS
.’mmwumoidaﬁwdﬂ MM omd, [nee noidthh .
e ke to i ool 'ed,-pnmeﬁﬂ,



