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DUNepoBbl NYTH

o IU/1EPOBBLIM IyTEM B rpade Ha3blBaeTCs
NyTb V4,...,Vy.1, TAKOW, YTO KaXKaoe pebpo eckE
NOSABNSAETCH B NOCNeA0BaTENbHOCTU Vy,...,V .1 B TOYHOCTH
OAVH pa3 kak e={V,V.,,}. Ecin v, = v__,, TO TaKon nyTb
Ha3bIBAETCH SM/IEPOBBLIM LINKIIOM.

o DUNepoB NyTb B rpade CywecTByeT Toraa u

TOMbKO TOrAa, Koraa rpad cBa3HbIM U cOAeEPXUT He bonee
YyeM [Be BEPLUMHbI HEYETHOM CTEMNEHN M.
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ANropuTM HaxoXAeHUs 3nepoBa LMKNa

begin
2. CTEK « &; CE « &;
3. V < MNpOK13BOJIbHas BepLUMHa rpada
4, CTEK « v
5. while CTEK # & do
6. begin v < top(CTEK)
7. If 3ANUCD[Vv] # D then
8. begin u « nepsas n3 3AMNCb[V]
9. CTEK«u
10. 3AMUCb[Vv] « 3AMUCbB[v] \{u};
10. 3AMUCb[u] « 3AMNCb[u] \{v};
11. v«u
12. end
13. else
14. begin v « CTEK ; CE «v;

15. end
16. End
end
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CTEK={} V=
CE={} U=

3AMUCh

1: (2,3,4,10)
2: (1,4)

3: (1,4,10,11)

4:
(1,2,3,7,6,11)

5: (6,7,8,9)

6: (4,5)

7: (4,5)

8: (5,9)

9: 5,8()
10: (1,3)

10 11 11: (3,4)
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CTEK={} V="?
CE={1,10,3,11,4,3,1,4,7,5,9,8,5,6,4,2,1}

3AMNMNCH

1:(, 5, 0)
2: (,)

3:(,5 50
4: (., 0 0/ l)
5:(, /1Y)
6
7

()
()
8:(,))
9:(,)
10: (, )

10 11 11: ()
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= YTBepxkaeHue 1. [ing nocnenoBaTenbHOU
LIENOYKM TPAH3UCTOPOB DUNEPOB NYTb
BCEeraa CyLwecTByeT.

= YTBEpXaeHue 2. [nsa napannenbHou
LIeNOYKN TPAH3UCTOPOB IUNEPOB LINKI
BCerJia CyLLeCcTBYeT.
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HaxoxxaeHue SnnepoBbiX NyTeEN B
3MIEKTPUYECKON CXEME

Transistor Placement for Noncomplementary Digital VLSI Cell Synthesis, MICHAEL A. RIEPE and KAREM
A. SAKALLAH, ACM Transactions on Design Automation of Electronic Systems, Vol. 8, No. 1, January

2003.
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An example of a complex gate designed in the “functional cell” style of Uehara and Van-Cleemput [1981]
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(a) Three-track solution

nnocTpauna naeu

(b) Two-track solution
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HaxoxxaeHune KpaTyanwmnx nyTen
B rpade
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KpaTyaniume nytu

. OpwueHTupoBaHHbIN rpad G=(V,E)
Ha3blBaETCS B3BELUEHHbIM, €Cnn Kaxkaon ayre {u,v)eE
NOCTaB/IEHO B COOTBETCTBME HEKOTOPOE BellleCTBEHHOE
yncno a(u,v), Ha3blBaeMoe BECOM AaHHOW Ayrn, KpoMe
Toro, a(u,v)=o0, €CnNn U He coeanHeHa C V. Ecnu
NOCNEAOBATENBHOCTb BEPLUNH Vy,...,V, ONPEAENSET NyTb B
G, TO ero AnvHa onpegensaeTca Kak cymma xa(v,.q, Vv;).

o [pn yCnoBmn NONOXUTENbHOM AJINHbI BCEX
KOHTYpoB V s,teV 3 v : d(s,t)=d(s,v)+a(v,t) m.
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ANrOpUTM HaXOXXAEHUS KpaTyanuLLero nyTu

¥ paccTosiHus D[Vv] OT BepwKHbl S 0 BCEX OCTasIbHbIX BEPWUH V € V,
(pmKcmpoBaHHas BeplumHa t, matpuua Becos pebep Alu,v], u,v e V.
n CTEK comoep>XuT nocnenoBaTesibHOCTb BEPLUNH, ONpeaenstoLLyto

KpaT4yanwimm nyTb n3 s B t.

»begin
sCTEK - G; CTEK «~ t; v « t;
whilev # s do
»begin
"U « BepLunHa, ans kotopon D[v] = D[u] + A[u,v];
"CTEK <~ u; v « u;
"end

=end
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BbluncneHme paccTostHum
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Anroput™m ®opaa n bennmaHa

= oprpad (V,E) ¢ n BepwimHamMn 1 BblA€NEHHbIM UCTOYHUKOM S € V,
(hmkcnpoBaHHas BeplnHa t, MaTpuua Beco ayr A[u,v], u,v € V. KOHTypbI
OTpUUATENbHOW AJINHbI OTCYTCTBYIOT.

g PacCTOsIHME OT UCTOYHMKA A0 BCex BeplurH rpada D[v]=d(s,v),
velV.

=begin
sfor v e V do D[v] « A[s,v]; D[s] « O;
wfor K« 1 to n-2 do
sfor veV\{s} do
sfor u e V do D[v] « min(D[v], D[u]+A[u,v])

=end
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Pabota anroputma ®opaa n bennmaHa

00 o0 00 1 5
o0 o0 2 o0 o0
o0 o0 00 4 o0

(1)
k | Dr11 | or21 | or31 | or41 | D[s]
0 1 00 o0 3
1 0 1 4 -1
2 0 1 4 3 1
(4) 4
5 3 0 1 4 3 1
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Anroput™ [JenkcTpbl

= oprpad (V,E) ¢ n BepwimHamMn 1 BblAeNeHHbIM UCTOYHUKOM S € V,
(hnKcnpoBaHHas BeplunHa t, maTpuua Becos ayr Afu,v], u,v € V. Bce Beca
HeoTpuUaTebHbI.

g PacCTOsIHME OT UCTOYHMKA A0 BCex BeplwurH rpada D[v]=d(s,v),
v eV.

=begin
sfor v eV do D[v] « A[s,v]; D[s] « O;
"T « V\{s};
“while T+@ do
»begin
T« T\ {u} // D[u] = min(D[pl: pe T)
sfor ve T do D[v] « min { D[v], D[u]+A[u,Vv] }
end
end
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Pabota anroputmMa [JenMKCcTpbl

12/30/2014

(1)

MaTeMaTu4ecKkne BonpoChl MPOEKTUPOBAHMSA

D[1] | D[2] | D[3] | D[4] | DI5] | D[6]
0 1 o | 00 | o | O
0 1 6 3 o0 8
0 1 6 3 7 8
0 1 6 3 7 7
0 1 6 3 7/ 7
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Anroputm ®nonga

MaTpuua BecoB ayr Ali,j] oprpada 6e3 KOHTYpOB OTpULLATESIbHOW

OJTNHbI.

12/30/2014

paccTosiHua Mexxay Bcemu napamu BepwmnH D[i,j]=d(v;,v;),

=begin

=for i=1 to n do

«for j=1 ton do D[i,j] « Ali,jl;
sfor i=1 to n doDli,i] « 0
=for m=1to n do

“for i=1 to n do

“for j=1to n do
=D[i,j] <~ min(D[i,j], D[i,m]+ D[m,j] )

=end

MaTeMaTn4yeckme BONpOChbl NPOEKTUPOBaHNSA
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MIHKpeMeHTaIbHbIM anropuTM NMOMCKa KpaTyanmLLmx
nyTen B rpade

= CTaTnyeckad 3aaava:
= Anroput™m ®nonaa-Yopuwenna O(V3)
= Anroput™ denkctpbl O(V2)

= [lInHaMmn4yeckasa 3agaya:

= HeT adpdekTnBHbBIX anropuTMOB, U3BECTHbIE
anropuTMbl paboTaroT CINLLKOM A0SO
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MapLupyT NpoeKTUPOBaAHUSA TOMOMOr K
CbUC

BBopa cxembl

I
PazbueHue

|
lNnaHnpoBKa

» HauyanbHoe pasmelleHune

YnopsigoumBaHue obnacrten TpacCUPOBKU | e—

|
[eTanbHasa TpacccMpoBKa

OueHka KayecTBa
|

OnpeaeneHne obnacrten TpacCUpOBKU

|
FnobanbHas TpaccMpoBKa

CxaTue

| 3anucb B B
OueHka KayecTBa
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Tononorna Ha oCHoBe CTaHAAPTHbIX
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A4YeeK

aaaaaaaaaa
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Knaccupukaumsa anroputMoB
TPaACCUPOBKM

Specialized

Power & Ground

Clock

Routers
[ 1
Global Detailed
I
_Graph Search Restricted General Purpose
= Steiner
- River — Maze
—_ Iterative
- Switchbox - Line Probe
- Channel — Line Expansion
|
Hierarchical Greedy Left—lil_ige
MaTeMaTnyeckme BOMPOCbI MPOEKTUPOBAHNA
12/30/2014 TOMOMOMMU UHTErpasibHbIX CXeM
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V-based methodology

Concrete View Make DRC-clean layout
by compaction
Split in MFG

Restore MFG

--/ =
Region Route

. s / refinement
coarsening —

and resource
reservation Global
Routing

MaTeMaTnyeckme BonpocChl MNPOEKTUPOBAHUS
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Coarse MFG
for detailed
routing

MY
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[nobanbHag
TpPacCMpOBKa

*NUTepaTypHbIN NCTOYHKMK[6] cnanabl 49-50
23

[leTanbHas
TpacCUpoBKa

Horizontal
Segment

i Vertical :
: Segment (=] Vi




[peacraBneHne obnacrten TpacCMpoBKU

['pad Tpaccuposku (Grid graph model)

ggrid = (V,E), where the nodes v € Vrepresent the
routing grid cells (gcells) and the edges represent
connections of grid cell pairs (v, v)

24 *NMTepaTypHbIN NCTOYHKMK[6] cnanabl 53-55



[pencrtaBneHue obnacren TpaccMpoBKn 2

pad cBA3HOCTM KaHanoB (Channel connectivity graph)

-~ (5)
e o6 ) @ )@
Bl 1 oo

G = (V,E), where the nodes v € VVrepresent channels,
and the edges £ represent adjacencies of the channels

25



[peacraBneHne obnacren TpaccMpoBKku 3

pacd cBA3HOCTU nepeceHmn kaHanoB (Switchbox connectivity graph)

G = (V, E), where the nodes v € Vrepresent switchboxes
and an edge exists between two nodes if the corresponding switchboxes

are on opposite sides of the same channel
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[psiMoyronbHas TpaccmpoBka (Rectilinear Routing)

Rectilinear minimum Rectilinear Steiner
spanning tree (RMST) minimum tree (RSMT)

*nMTepaTypHbIN NCTOYHUK[6] cnanabl 59-60
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[epeBo LUTenHepa MUHUManbHOW
ONvHbl (SMT)

= TeopemMa XaHaHa: . epeBO WTtenmHepa MKNI

LNUWHB cyuwecTByeT Ha OpToOroH
(00@)

s0OUueHKa Yyumcna TOSILnKZ. WtenmHepa
sQUueHKa AnnHb aepRSTBEMIK3ENHep

MpoCTON 9BPUCTUUYHLKLKMANN AT BOP
CKaHupywowytw nmHmw Ha OO0C
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[peobpa3oBaHMe CBA3bIBAOLWErO AepeBa B AEPEBO
LLiTenHepa

P P
p3 » p3 » S_L
P1 P1 P1

Construct L-shapes between points Final tree (RSMT)
with (most) overlap of net segments
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A Sequential Steiner Tree Heuristic

1. Find the closest (in terms of rectilinear distance) pin pair,
construct their minimum bounding box (MBB)

2. Find the closest point pair (puz5 0, between any point py,z;0n the MBB
and p-from the set of pins to consider

3. Construct the MBB of p,,z; and p,

. Add the L-shape that p,; lies on to 7 (deleting the other L-shape).
If pyggis a pin, then add any L-shape of the MBB to 7.

5. Goto step 2 until the set of pins to consider is empty
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[1IpuMep. IcxoaHble AaHHbIE.
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[1pumep. War 1.



MBB
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[1pumep. War 1.
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[Tpumep. Lar 2.
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[pumep. Lar 3.
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[1pumep. LWar 4.
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[1lpumep. LWar 5.
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[Tpumep. LLar 6.
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[1pumep. PelleHune.




Knaccupukaumsa anroputMoB

TPACCUPOBKM

Routers
[ |
Global Detailed Specialized
|
| Graph Search Restricted General Purpose Power & Ground
= Steiner Clock
- River — Maze
— Iterative
~  Switchbox — Line Probe
— Channel — Line Expansion
I |
Hierarchical Greedy Left-Edge
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BonHoBasg Tpaccmposka (Maze)

OcHoBHas ngesa metoga — BofiHoBou anroputm (Lee, 1961)
& Wcnonb3yeTcs nonck B wWMpuHy (BFS)

= [yTb onpepensieTca o6paTHbLIM NPOXOAOM C MUHUMMU3ALUEN NO
AOMNOJIHUTENbHOMY KPUTEpUIo (YMCNO NOBOPOTOB)

= Bcerpa HaxoauTcA KpaT4YauLUUW NyTb, €Cyi OH cyLlecTByeT
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[TpobnemMbl BOMHOBOW TPacCUPOBKM

~ DOJbLUON pacxon namMmsaTu
=~ BbI4. CnoxHocTtb O(n?)
= ocnepoBaTesibHbIN XapaKTep TPacCUpPOBKMU
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