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DUNEPOBLI MYTU

: SusiepoBbiM riyTem B rpade Ha3blIBaeTCH
NyTb Vy,...,Vy.1, TAKOW, YTO KaXkaoe pebpo ecE
NoSIBNSIETCS B MOCNE€A0BaTENbHOCTU Vy, ...,V 1 B TOUHOCTY
OAVH pas Kak e={V,Vi,,}. Ecnn v; = v, . {, TO TaKou NyTb
Ha3bIBAETCS IM/IEPOBbLIM LINKIIOM.

. D1NepoB NyTb B rpade CyWecTByET Toraa U
TONbKO TOrAa, Koraa rpad CBSA3HbLIV U coaepXXUT He bonee
4yeM ABe BEPLUMHbI HEYETHOW CTEMNEHN M.
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ANropuTM HaxoXXaeHus 3unepoBa LKA

begin
2. CTEK « J; CE « O;
3. V <~ NPOWN3BOJIbHAs BepLUMHa rpada
4, CTEK «~ v
5. while CTEK = & do
6. begin v« top(CTEK)
7. If 3ATIUCb[v] = then
8. begin u <« nepsas u3 3AMNMUCDH[V]
9. CTEK«u
10. 3AMNCb[V] « 3AMUCb[v] \{u};
10. 3AMNCb[u] « 3AMNNCb[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=

3AMUCb

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={}
CeE={1,10,3,11,4,3,1,4,7,5,9,8,5,6,4,2,1}

10 11
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= YTBepxaeHune 1. [na nocnenoBaTeibHOU
LIENOYKM TPAH3UCTOPOB SUNEPOB MNYTb
BCerJia CyLLeCTBYeT.

= YTBepxaeHue 2. [Ina napannenbHou
LIeNOYKN TPaH3UCTOPOB INEPOB LINKIT
BCeraa CyLwlecTByerT.
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HaxoxxaeHne DMnepoBbIX NyTEN B
3MEKTPUYECKON 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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(b) Two-track solution

MaTtemaTunyeckme BonpocCk! MPOEKTUPOBaHUS
4/21/2016 TOMOJSIOMMN UHTErpabHbIX CXEM



HaxoxxaeHue KpaTtyaumx nyTen
B rpade
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KpaTyaniume nytu

: OpueHTupoBaHHbI rpad G=(V,E)
Ha3blBaeTCA B3BELLUEHHbIM, €Cnn Kaxkaoun ayre (u,v)eE
NOCTaB/IEHO B COOTBETCTBME HEKOTOPOE BelleCTBEHHOE
ymncno a(u,v), Ha3blBaeMoe BECOM AAHHOU AYrU, KpoMe
Toro, a(u,v)=o0, €cnn u He coeanHeHa c v. Ecnu
NocneaoBaTe/IbHOCTb BEPLUMH Vy,...,V, ONPEAENSET NyTb B
G, TO ero AnnHa onpeaensaeTcd Kak cyMMa Xa(Viy, V;)-

¥ [1py yCnoBmMKM NONOXUTENBHOWN ASIMHbI BCEX
KOHTYpoB V s,teV 3 v : d(s,t)=d(s,v)+a(v,t) m.
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ANrOpUTM HAXOXAEHUS KpaTyauLlero nyTu

s paccTosiHus D[ V] oT BepLlKnHbI S 10 BCEX OCTANIbHbLIX BEPLMH YV € V,
duKcmpoBaHHas BeplnHa t, maTtpuua secos pebep Alu,v], u,v e V.
4 CTEK copep>xuT nocnenoBaTenbHOCTb BEPLUMH, ONpeaenstoLyto

KpaT4yanwmm nytb n3 s B t.

=begin
CTEK « J; CTEK « t; v « t;
“whilev # s do
»begin
"U <« BepluuHa, ans kotopou D[v] = D[u] + A[u,v];
sCTEK <~ u; vV « u;
“end

mend
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Anroputm ®opaa n bennmaHa

o oprpad (V,E) cn BeplumHaMm n BblAeNEHHbIM UICTOYHUKOM S € V,
(hvKcnmpoBaHHag BeplunHa t, maTpuua Becos ayr Afu,v], u,v e V. KOHTypr
OTpULATENBHOW ASINHBI OTCYTCTBYIOT

o PaCcCTOsIHME OT UCTOYHMKA A0 BCeX BepwuH rpada D[v]=d(s,V),
velV.

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

send
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PaboTa anropntma ®opaa u bennmaHa
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(4)

(1)
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0 1 00 3
0 0 3 8
0 0 o0 -5
00 00 2 00
o | | 0
k | D[1]| D[2] | D[3]| D[4] | DI5]
0 1 o0 | 00 3
1 0 1 4 4 -1
2 0 1 4 3 -1
3 0 1 4 3 -1
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AnroputMm [lemkcTpbl

o oprpad (V,E) cn BeplumHaMm n BblAeNEHHbIM UICTOYHUKOM S € V,
(hvkcrpoBaHHas BeplunHa t, MmaTpuua Becos ayr A[u,v], u,v € V. Bce Beca
HeoTpuUaTeNbHbI.

o PACCTOSAHNE OT UCTOYHMKA A0 BCeX BepLUnH rpada D[v]=d(s,Vv),
vel.

=begin
wfor veV do D[v] « A[s,v]; D[s]« O;
T« V\ {s};
swhile T#QJ do
=begin
T« T\ {u} // D[u] = min(D[pl:p € T)
sfor ve T do D[v] < min{D[v], D[u]+A[u,v] }
end
=end
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Pabota anroputMa [JenKcTpbl
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(1)

MaTeMaTnyeckme BOnpoChkl MPOEKTUPOBaHNS

D[1] | D[2] | D[3] | D[4] | D[5] | D[6]
0 1 o0 o0 o0 o0
0 1 6 3 00 8
0 1 6 3 7 8
0 1 6 3 7 7
0 1 6 3 7 7
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Anroput™m ®nounaa

MaTpuua BecoB ayr A[i,j] oprpada 6e3 KoHTYpOB OTpULLATENBHOW

[JTAHBI.

4/21/2016

paccTosiH1A Mexay BcemMu napamu BepluvH DIi,j]=d(v,V;),

=begin

“for i=1to n do

wfor j=1 ton do DI[i,j] « Ali,jl;
sfor i=1to n doDJi,i]« 0
»for m=1to n do

“for i=1to n do

sfor j=1to n do
=*D[i,j] « min(D[i,j], D[i,m]+ D[m,j] )

=end
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MapLpyT NpoeKTUPOBaAHUSA TOMOJIOr K
CbUC

BBoa cxembl

I
Paz6bueHune

|
NMnaHupoBka

» HauanbHoe pasmelleHune

YnopsianounBaHne obnacren TpaCCUPOBKU | ——

|
[eTanbHasa TpacccupoBKa

OueHka kKayecTBa
|

OnpeneneHne obnacTen TpacCMpoBKU

|
FnobanbHas TpaccMpoBKa

CxaTue
I

| 3anucb B B}
OueHka KayecTBa
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Tornonorna Ha OCHOBe CTaHAapPTHbIX
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Knaccupunkaumsa 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 {ireed}f Left—lil_ige
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V-based methodology

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

Restore MFG

Coarse MFG
for detailed
routing

Region Lz Route

/S .

Coarsening ¢ . =/ / refinement

and resource ! l

reservation Global

Routing
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[nobanbHas
TpaccMpoBKa

* nUTepaTypHbIA NCTOYHKUK[ 6] cnanabl 49-50
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[leTanbHas
TPpaCCMpPOBKa

Horizontal

Segment

Vertical :
: Segment = via




[peacraBneHmne obnacren TpaccMpoBKU

['pad Tpaccmposku (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))

23 * nUTepaTypHbIA UCTOYHUK[6] cnanabl 53-55



[peacrtaBneHne obnacren TpacCMpoBKU 2

[pad cBA3HOCTU KaHanos (Channel connectivity graph)

........... %)
(5)
We 66 | a6 oo
........... @

G = (V,E), where the nodes v € /represent channels,
and the edges £ represent adjacencies of the channels
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[peacraBneHmne obnacren TpaccmMpoBKU 3

'pacd cBA3HOCTM nepeceHnn kaHanos (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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[psiMoyronibHas Tpaccuposka (Rectilinear Routing)

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

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

& Teopema XaHaHa: gepeno LLTenHepa MUHMMaNbLHOU
ONuHbI cyuwecteyeT Ha OpToroHanbHon OnopHon CeTke
(O0C) .

& OueHka yucna Touvek LtenHepa: s < n-2.
& OueHka anuHbl gepesa LtenHepa: MST/SMT < 3/2.

& [1poCTON 3BPUCTUYECKUN anropuTM — UCMNOMb30BaTh
ckaHupyowyo nmHmio Ha OOC
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[Ipeobpa3oBaHne CBA3bIBAOLLIErO AepeBa B AepeBO
LLiTenHepa

P2 P2

p3 » p3 » Sl

Pq P1 Pq

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 (pygg po) between any point pygzz0n the MBB
and p-from the set of pins to consider

3. Construct the MBB of pyzzand p,

4. Add the L-shape that py;zzlies on to 7 (deleting the other L-shape).
If pyggis a pin, then add any /-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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[Tpumep. War 1.
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[pumep. LWar 2.
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[pumep. LWar 3.
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[1Tpumep. War 4.
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[Tpumep. War 5.
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[Tpumep. PelueHne.




Knaccupunkaumsa anroputMoB

TPacCUpPOBKU

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

OcHoBHasn ugesa metoga — BoniHoBou anroput™ (Lee, 1961)
& Wcnonb3syetcs nouck B WUMpUHY (BFS)

& [lyTb onpegenseTcs oopaTHbIM NPOXOAOM C MUHMMMU3ALMEN NO
AOMOJIHUTENTbHOMY KpUTepuro (YMCrio NOBOPOTOB)

& Bcerpa HaxogUTCA KpaTyaulunUn NyTb, €CrfiM OH cyLlecTByeT
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[Mpo6s1eMbl BOTHOBOW TPaCCUPOBKM

~ DOJbLUOU pacxon NamMAaTH
« BbI4. CnoxHocTb O(n?)
= llocrnepoBaTesibHbIN XapaKTep TPacCUpPOBKU
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