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[lMHaMmnyeckoe nporpaMMmpoBaHme

= [InHaMunyeckoe nNnporpaMMMUpoOBaHME B MaTEMATUKE U
TEOPUN BbIYNCIIUTENbHbIX CUCTEM — METO/, PELLEHUS]
3a/1a4 C ONTMMaNbHOW NOACTPYKTYPOU U
nepeKpbIBaloWMMUCS NOA33aAa4aMU, KOTOPbIN HAMHOIO
ahekTUBHEE, YeM pelueHne «B nob» (brute force).
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aes AMHaMmM4eckoro nNporpaMMmMpoBaHumS]

OnmvMasibHas no4CTPyKTypa B AMHaMUYECKOM MPOrpaMMMPOBAHNA 03HAYAET, YTO
ONTMMasbHOE peLleHne NoA3aAay MEeHbLLEro pa3Mepa MOXET OblTb UCMOb30BAHO
QNS PELLEHNS UCXOAHOW 3aaun. B obLuem criyyae Mbl MOXEM peLlnTb 3aaady, B

KOTOpOI NPUCYTCTBYET ONTUManbHasa NOACTPYKTYpa, NPOAENbIBas Cleayowme Tpu

wara.
- PazbueHune 3a1a4M Ha Noa3agadn MeHbLLIEro pa3Mepa.
- HaxoxaeHne onTUManbHOro pelleHust Noa3aAay PeKypcMBHO, NPOAENbIBas TaKoM Xe
TPEXLIAroBbI anropuTM.
- Mcnonb3oBaHWe NOJTyYEHHOIO peLLeHNs Noa3aaad Ansi KOHCTPYMPOBaHUS pelleHus

NCXOAHOM 33aaaun.
Moa3apaumn pewaroTcda geneHnem nx Ha noasaga4yu eLLeé MeHbLuero pasmepa U 1. A.,
MOKa He NPUXOAST K TPUBMANIbHOMY C/yyato 3aAayu, pelaeMon 3a KOHCTAHTHOE
BpeMs
MpuHUMn onTuManbHOCTM (BennMan): noacTpaTerns oNnTMManbHOW CTpaTerumn
NOJIKHA ObITb ONTUMaIbHOM
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[IpuMep: TEXHONOrMYECKMN MIMMUHT.
| [TpumMepbl 6UBINOTEYHDbIX 311eMEHTOB-1.

Element/Area Cost Tree Representation (normal form)
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[IpnMepbl 6MBANOTEUHbIX 3/1EMEHTOB-2.

Element/Area Cost Tree Representation (normal form)
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i NcxooHasa cxeMa

:}L “"subject DAG”
{Dc Do,
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MaTeMaTn4yeckme BonpocChl MPOEKTUPOBaHUS
5/7/2010 TOMOJIOrMU UHTErpasnbHbIX CXEM



Find an “optimal” (in area, delay, power) mapping of this circuit (DAG)

i dopMynmpoBka npobnemsl

:Do—l_
o
33—D°—|_:}

1 >

into this library

> D I D D> &
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TpuBManbHoe pelleHune

subject DAG

e

-

7 NAND2 (3) = 21
5 INV  (2)= 10

Area cost 31

O

MaTemMaTuyeckmne BonpocCkl NPOEKTUPOBAHMSA
5/7/2010 TOMNOJIOMMN UHTErPasibHbIX CXeM



5/7/2010

[lokpbITHEe-1

DD'—|-D°[>° T o—{>o—

1 2D

2 INV
2 NAND2

1 NAND3
1 NAND4

Area cost 1

nonowo
s o

w
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[ToKkpbITNE-2

o “

. )o-£>o—'3k

11

1 INV = 2
1 NAND2 =3
2 NAND3 =8
1 AQI21 =4

Area Cost 17
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dopmynuposka rnpobnembl: DAG covering

Represent input netlist in normal form

= subject DAG

Represent each library gate with normal
forms for the logic function

= primitive DAGs
Each primitive DAG has a cost

Goal: Find a minimum cost covering of the
subject DAG by the primitive DAGs

Normal form: 2-input NAND gates and

iInverters
K. Keutzer, DAGON: Technology Binding and Local
Optimization by DAG Matching, in Proceedings of the
24th Design Automation Conference, 1987 and
25 Years of Design Automation
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DAG Coverin

K. Keutzer, D. Richards, Compuration
SI}UH d A' gﬂl’ith IT'II C app roa Eh Compilexity ef Logie Synthesis and

Optimizattan, In Froceedings of the
International Waorkshop on Logic

NP-hard optimization problem  synthesis, 1¢83

/- multiple fanout
D, L}

Tree covering heurlstic: If subject and primitive
DAGs are trees, efficient algorithm can find
optimum cover — dynamic programming
formulation

r}
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Solution formulation

K. Keutzzr, DAGON: Technology Binding and Local
Optimization by DAG Matching, in Proceedings of the
24:h Design Automaticn Conference, 1987 and

26 Years of Design Automation

N
7N
o

8

1) Partition input netlist into forest of trees
2) Solve each tree optimally using tree covering
J) Stitch trees back together
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Resulting Trees

5/7/2010

Break at multiple fanout points

(]
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For each tree - Dynamic Programming

Principle of optimality: Optimal cover for a tree
consists of a best match at the root of the
tree plus the optimal cover for the sub-trees
starting at each input of the match

=0

Best cover for
this match usss
best covers for

& XY,z

M \ Choose |least
" | cost tree-cover
, /| at root

e I|Ih\-\,_\_\____,-""l

Best cover for
this match uses
best covers for

P, 2

o
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Example of Optimal Tree Covering

A INv AOI21
A 11+2=13 —

/N NAND2
Ll 2+8+3=11
aZSj NAND?2
INV | 3+3=6
2
NAND2 |
3 1
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DAG covering in detail

E

1) partition DAG into a forest of trees
2) normalize each tree
3) optimally cover each tree

a) generate all candidate matches

b) find the optimal match using dynamic
programming
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Partition DAG into Forest of trees

WY
™
So—

8

Each gate with fanout =1 becomes root of a new tree
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Normalize each tree

Re-express netlist into 2-input Nand gates and Inverters

Make each tree left-oriented

)
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Generate candidate matches - 1

E_

1 > DD-—L_D: subject tree

At the end of this segment each gate in the subject tree is annotated
with every possible library cell that could be rooted at that gate

MaTemMaTnyeckne BoNpoChl NMpoeKTUPOBaHUS
5/7/2010 TOMOJIOrMN MHTErPasibHbIX CXEM 20



i Optimal tree covering - 1

[ P
2 pol ] { S g

] _)D_DO_LD’

““subject tree”
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3

Optimal tree covering - 2

o

:jj

o
3 :Jal—

.
'\nj
Y

5/7/2010
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Optimal tree covering - 3

No choices here

- -
3 ] Do—1,
A{ “subject tree”’
™~
T~
Cover with ND2 or ND3 ?
1 NAND2 3 1NAND3 =4
+ subltree 5
Area cost 8
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Optimal tree covering - 4

Cover with INV or AO21 ?

o

=

“"subject tree”’

1 AO21 4
+ subtree 1 3
1 Inverter 2 *subtree2 2
+ subtree E
Area cost 15 Area cost 9
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Optimal tree covering -5

g Cover with ND2 or ND3 7

D

“subject tree”

NAND2

5/7/2010

subtree 1 9 subtree 1 8
subtree 2 4 subtree 2 2 NAND3

1 NAND2 3 subtree 3 4

— 1 NAND3 4

Area cost 16 Area cost 18

MaTeMaTu4eckme BOnpoChbl MPOEKTUPOBAHMS
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Optimal tree covering - 6

Cover with INV or AOI21 ?

H r
L =

j"—L_ ]
>H T ]

16

5 ““subject tree”’
subtree 1 13
INy  Subtree 1 16 AOI21  subtree 2 5
TINV 2 1 AOI21 4

Area cost 18 Area cost 22
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Optimal tree covering -7

Cover with ND2 or ND3 or ND4 ?

“"subject tree”’
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Cover1 -NAND2

Cover with ND2 7

1 -

Y
.
Y

:DD_DU—L—)

“"subject tree”’

subtree 1 18
subtree 2 0
1 NAND2 3

Area cost 21
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Cover 2 - NAND3

Cover with ND37

S/

Lo,
\ ““subject tree”

subtree 1 9
subtree 2 4
subtree 3 0
1 NAND3 4

Area cost 17
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Cover with ND4 ?

“"subject tree”

subtree 1 8
subtree 2 2
subtree 3 4
subtree 4 0
1 NAND4 s Area cost 19
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Optimal Cover

Cover with ND3?

;IEE}_L AOI[21 ND3 /
INV | D PT}T}D& [ r—Po—

“subject tree”

INV
ND2
2 ND3

What's the complexity? AOI21

‘-hmwm

Area cost 17
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