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Geometry—constrained Slack Re~budgeting (GSB)
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3.1 Geometry—constrained Slack Re—budgeting based
on Minimum Spanning Tree
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d 22 (priority queue)
X2 edge (cheapest edge)

Algorithm: Geometry—constramed Slack Re-
budgeting based on Minimum Spanning Tree
Input: G=(V,E) with s(¢), V(e)SE
Step 1: maintain a priority Q that initially contains
graph edges with weights (timing budgets)
in their ascending order.
Step 2: (based on Kruskal's Minimum Spanning
Tree)

Until Q is empty
stu,v) = Deque(Q);
If the edge (u,v) is incident to another

edge (v,w) that has been already
traversed and they form a cycle with
another edge (u,w) (that has not yet been
traversed) in G.

If (uw)inE
then  s(uw) = s(v,w) + s(u,v);
else
untit (u,w) in E
s(u,w) =s(v,w) + s(u,v):

E=E U(u,w): /* triangulation */
if s(u,w) 2 [s(v,w) + s(u,v)] then
s(u,w) = slv,w) + s{u,v)

)Oﬂ SHYCIOIUCH GSA 22
edges Q2HEH MO
O (IElloglE|+INI?)OICE.

oM ne

E

GSA &8 29 HoHAM & slack
8 SZ381D At 180M 158 24
U= HIFJ% S8 NAAZ EloIge 2
H}a‘x'ﬁill o2z HEE ELOIYOl 1
HIXIZ2 HEUHE =0 £ SBSIC}. a4
sS4 HE XU2Z QIE FE XA B EIYO
E0E= A2 Do HAMAH Ci8n 22 re-
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3. 2 Geometry—constrained slack Re-budgeting based
on Modified Retiming technique

OlHl, RI0lM M= & Geometry—constrained Slack
Re-budgeting 2ROl st S 2 HZAHES R0t
28 . d21)| AAE Leisersonit Saxe[4]01
ool F0& 2209 retiming A0 YL2IEE £H8
Ch. &el, retiming2 3229 /&= SHH S =
X &1 3Z20AM NoEE RASE HiREM MEE
Ch. RetimingOI& =J| YARH XI| EHANXYY FI|
(cycle)f= ST E ZZR(path)old XIS Al2H0l HAHT
A ge=Ch

Graph with
total slack = 21

b) deque (5,2) and
deque (2,4)

Initial

a)
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¢) deque (3,4) d) deque(1,3)

Total slack = 21

8 1. GSA 1289 o

ARe-budgeting ZJ} &+9 Z&L O L&
rV=28 HAIO/L}. Re-budgeted & FHAlr(v)=
EFOEREH YL & 89 E0/Z slackS
&E LIEIHLL  Re-budgeting £ edge (uv)

EtOI Y siackSr(u,v)=s(u,v)+riv)-r(u)2 LIEHHOI B

J&8 2 X

&, rivi= A fanoutQ22H sw,v2 =2t € 01y
slackOll HEBICE. SAMBIH, rluf= stuv/lA 28X D2
e fanin@Z | ELOIY slackOl SHESHCH Oli4l
O 2, re-budgeting® FJ| E= B2 = slacksE &
XI8tCt.

Re-budgeting %2 3122 & E0|Y slackE OS2t
Z0| LIEHH R,

1(G) = Xfis(e)+r(v)-r(w))=
S(G)
+  ZOFOM)I-FIM)I+1rv) (if  IFOM)I 2 [FI))

— ZNFIW)FOMI+Drey)  (if

[FItV) |2 |FO(v)I= faninsS 29 =S o fanoutll
Ct. ZCHS re-budgeting 2H= EIOIYUI AREAl
2 XU 5l 2822 EJi6l= 1(G)2 Al E 2
QUL

\FI(v)| > [FOM)|),

Jd2i™, 20 re-budgeting X< Leiserson’s Min-
Area Retiming[14]2 SAMSIH HISH OIS 202
AlB & 2= ULCH

Minimize: Y (\FOMI-\FIm)\+Drv) (if  |[FOW)| 2 \FI(v))

~ ZOFIO)HFOM) |+ Dr(v)  (if  |FIf)| > IFOW)))

Subject to

Constraint 1 (retiming)

s(uv) +r(v)—ruw) > 1;
r(i) —rh) 20, ViEPIG);
rth) —r(o) 20, Vo EPO(G);

Constraint 2 (min-rule)

PU)E Fryin(1), P(V)E Fin(¥),F(W)S FrinfW)

ElolY &tH2 & L= 82 0S8 ZESE re-
budgeting® Ct82 = HHO0 280 &oh & £ UCH
If|Fl(w)| > |FO(u)| (Figure 6b: budget increasing)

then, r(u) < s(uv);
rv) = s(uv) - riu)+ riv);
iy, u) = s(iy ) - r(iy) + r(w);
ri u) = s(i w) - r(iz) + r(w);
If\[FOM)| 2\FI(v)|  (Figure 6c: budget decreasing)
then, 1(v) Srmin(v) (=min(s(e)), e SFOWV));
P v)=s(u,v) + r(v)- r(w);
rv, i) = s(.iy)
r(y, iy) = (i)

-r(v) + r(iy);
-rfv) + rfiy);

08 28 aARsSA8 RXGHHA re-budgetinglil At
Bz B4ES RDAMGE 32 QD8 8£HSIL 0
HES2 UURSAE =S SH HIEUYS 3=
O 3=

r(u) riw)

a)Variables used in Re—budgeting
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b) Budget increasing

¢) Budget decreasing

A8 2. Re-budgeting Ol CHE 2o X

?12 re-budgeting M0 M=, JcHT GOAM Of =
JIEo MARSAME OFEJ= Geometry-constrained
Re-budgeting EXl= OtcHOl RMAIE H4 88 T2
d(integer linear program)lt 201 248 2 2 QCH.
Re-budgeting &2, 2t =S i= ()2 HAME "slack-
retiming variable"2 E &1 2t edge (i.j)= r(i,j)& &
A& "slack-retimed variable"2 X & Ct

& A 1 Constraint 2 is redundant.

Y ¥ 2a8 21 (siv,i)) < siv.iz) and r(i;)=0¢!
Rkl DAGHRY, r(v) = stv,iy) LA rv) = sv,iz) &
S Aok MStEH rv) < rn(v/8 2R Y=Ct
ctld JH88H®, rfv, ;) < 0Ol ECH HUBS 1y, /) =

stv.iy) = stvip) < 0012 THROICH 01242 vyt &
Ch. SHLISHH re-budgeting 0 2 edge e Of CHE

ste) = %It =X %I H2O0ITH M2t RISEA 3
& rfij) 2 0 Y,v)SE of G2 2t23 & £ L}

=
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Algorithm  Geometry—constrained Slack Re-

budgeting (GSB)

Minimize: S(/FOWv)/~IFItv)]+1)rtv) (if  |FOW)] 2 [FItv)])

= ZUIFI)I-1FOt I+ 1)rtv) (it 1FItv)] > JFOW)1)

(exception: r(v)has no weigt if v < Pl
Subject to
Constraint 1 (triangle inequality)
r(u,v)+rliv,w) 2rlw,u);
r(u,v)+riw,u) 2rlv,w);
r(u.w)+riw,u) 2r(u,v)

Constraint 2 (retiming)
if (i.j), V(i) €E, then
stuv) +riv) -rlv) 2 1;

else su,v) +rlv) -rlu) 2 0;
triangulation */

/* edges created after

i) =rh) 2 0, VierP(G)
r(h) —r(o)

/* hiimaginary host node */

20, YoEPO(G)

J& 32 EolY OISHAM %2 oS8 re-
budgeting® 0|7t A8TE A8 LIEHHC X 82
JeiZol O3 1a2 HIR3 GRAJ & slack(from 21
to 21)0] RISe= SO GSB ¥N2ISE 6(from 21 to
27)9 slack 0|S 8 2&=C).

He=
=

|2 e

b) Applying GSB (total
slack= 27) with
triangulation 8

Applying GSB

a)
(total slack = 27) with
triangulation A
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LIEHHRUCH 2E OO A slack gaing® 28 2 YA
[
H1 48 20
ex’s # of nodes | # of edges Stack
gain
ex1-1(Fig3a) 5 ] 6
ex1-2(Fig3b) 5 6 6
ex1-3 5 6 6
ex1-4 5 8 6
ex3 g 1 7
ex4-1 16 20 3
ex4-2 16 20 3
ex5-1 25 . 36 31
ex6-1 50 81 16
ex6-2 50 81 16
ex7-1 100 123 44
ex7-2 100 123 44
ex8-1 200 248 90
ex8-2 200 248 90
Slack Gain2 MZ UE triangulation JeHI(KE EH
ex4-1 It ex4-2)0l Mt BBIN Y= AS & & UCH
d2ll, SEAR2 S SI1 200009 BB 2% HZO0ICH
5. 3@
0 =2B0lMdE Jlatex0ol Sl ElOY HLXHE

DEF 248 FEHQ AUHE XA Mol
B 22iES LIEHHACH 0 BHE 250 o8
d8 ZZOY H2HE UEHWRACH wWE Had
M2l Mo 2sE AN WXIE Sl= SO EtO|Y
SHE 2012 O &2 Ha4E 2= 2388 8

S8 =T EF

B SFHQ O SAE MOUSACH SAFAM,

f1o JIGHE N S42 YOoIotR SAHHIXIY 2ed)
o Egds 29 & ULL
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