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Abstract Many challenges, such as handling constraints and incorporating “non-
8ca|” objective function terms, lie ahead as partitioners are matched

The context for partitioning in physical design is dominated by th e closely to their applications.

. X : 0
concerns: top-down design and the focus on spatial embedding. ™ . . .
role of partitioning is exactly that of a facilitator of divide-and-conquer nderstanding the future top-down physical design context and the

o . - . tole of partitioning allows us to identify futurproblem formulations
metaheuristics for floorplanning, timing and placement optlmlzatlogﬁld objectives From these, we can identify thagorithm technology

Formulations or optimization objectives for partitioning follow fron%] atis capable of delivering high-quality solutichdhe remainder of

its context and role. Finally, the available algorithm technology det %S paber aives some perspectives on these elements. alona with a list
mines how effectively we can address a given partitioning formulati te?:h‘r)lolo%y needs Persp ’ 9

and optimize a given objective. This invited paper considers the future
of partitioning for physical design in light of these factors, and propossgs

a list of technology needs. A living version of this paper can be fou The Top-Down Design Context

at visicad.cs.ucla.edu . Top-down design relies opredictionsof the achievable envelopes of
] solutions. Without predictions, we are reduced to “constructive esti-
1 Introduction mates” (e.g., run the placer to predict what the placement looks like),

Partitioning in VLSI physical design has been actively studied over thiCh are typically too slow for effective design optimizatfrire-
|

past two decades, with hundreds of works in the literature. A comp ctive models must also be accurate, else too much solution quality is
hensive review ce{n be obtained from [3] [13] [19] [8]. The standa ft on the tablé‘ I_:ma_llly, pr(_adlc_tlve models must be usable_ as terms
formulation seeks a multi-way partitioning of a vertex- and hypered J a design optimization objective. Today, d_eS|gn synthesis tools are
weighted directed hypergraph, with a minimum hyperedge-cut obj rely able to incorporate bottom-up analysis macromodels (e.g., an-
tive subject to partition size constraints. Recent years have seen se e (_:rrrcl)ssftezlk n0|$|,le app_ro_mTatlons) ﬁlt?lnéjtesugn Sé/nltgﬁsis ?bjec'
works that add 1/0-count or path-cut constraints, replication and reti €s. The Tuture wil reqwre;ns ance moadelandtool modelsthat al-

ing degrees of freedom, hierarchy awareness, etc. to the standard %Yp_rgwctlon of agiven tool's output according to instance parameters,
mulation. However, the bulk of the literature still focuses on “min-cueHSItVIty to control parameters, CPU resource, etc. Such models must
bipartitioning ’ e embeddable within optimization objectives.

TP Also implicit in top-down design is the notion obnvergencewhich
As process technology advances, ¢batextfor partitioning in phys- . . :
ical design will change. Huge device complexities and short prodI tachleved by forward-annotating both constrairasd knowledge

cycles forceop-downhierarchical approaches to design synthesis, v@- oult thet_(il_es[gn ?tate. lSt(_)me constraint typestkt]rar)slﬁte w:lsll into tre.‘l‘lj"
idation and reuse. Atthe same time, more design activifytigsical”, lonal partitioning formulations (e.9., a pre-synthesis floorplanner wi

i.e., dependent on knowing the eventual spatial embedding of devi ard-annotate region constraints into a flat partitioning-based placer),

and interconnects. Because physical phenomena (delay, noise, po r}ﬁ othe:s dct> not (le.g., butigeltzed patlh tm}'Eg coln(sjtralnts, otrtﬁ“g;-
reliability, manufacturability) become more difficult to abstract, we s ent constraints in placement). Examples of knowledge about the de-

other changes to design methodology, e.g., tighter links between al ign state include: structure of clock and test implementation that is
ysis and synthesis, and fewer demaréation’s between “design pha g aporarily removed from a place-and-route input; knowledge of data-

The net result is a stronger emphasigpoedictionandconvergence path functions within a synthesized random-logic netlist, the floorplan-
Within a given design methodology context, tiode of partition- ning tool’s assumptions regarding layer assignment of chip-level routes,

ing should also be understood. Partitioning is simply a facilitator Bifmtgtl_atic_)n t[acles that ptrovid_le swit::hing ac;i\liity plro;iles, sic. T%day’s
the divide-and-conquer approach. Its purpose is to decompose pRﬂf-' loning tools cannot easily capture such knowledge, even when co-

Igms in a manner appropriate to the applicatiw!ithout Io_sing SOlU- for today's min-cut partitioners.

tion quality. Increasingly, a large part of “solution quality” depends 2[3] and [13] also provide lists of future directions for partitioning.

on preserving the previous activity that led up to the current state of’An exception is when the algorithm runtime scales near-linearly with instance com-
the design. Hence, a critical future requirement for a partitioner is twge(lty. In this case, running the algorithm is a bona fide estimation strategy; cf. multilevel

it letel t d | “desi tate” inf ét' Hartitioners and multigrid sparse system solvers for placement.
It completely captures, and never loses, “design state” intormation. aype challenge o&ccuratelyabstracting deep-submicron physical phenomena has led

to an interesting bifurcation in the architecture of RTL-down chip implementation tools.
Broadly speaking, one approach is to usgfications e.g., unifying spatial and tempo-
. = ) " H%\rSptimizations, or unifying analysis, (re-)synthesis and (re-)specification activities either
in thg partitioning |nput semantics. Anothgr example is the fact that a cluster represe in a given design phase or across several design phases. A typical consequence is the
16-bit datapath function and should be split only along the data- or control-flow axes; thig,ifieq design database” and the “(timing) analysis backplane” architecture that simulta-
along with the associated alignment constraint in placement, is extremely difficult to Cap%%usly supports logic synthesis, timing optimization, and place-and-route with an incre-
mental “construct by correction” use model. The other approach is to continue to develop
newabstractionghat decouple, e.g., logic synthesis from layout synthesis, place-and-route
from timing optimization, etc. Typical mechanisms are often equated mithodology
e.g., the “predictor-adapter” or “constant-delay” approach in logic synthesis, or the use of
slew time control to handle noise problems in placement-based circuit optimization. Typical
consequences are more linear, “correct by construction” design flows.

5By this, | mean the constraints that can arise from budgeting operations, from previous
constructions (e.g., one might wish to preserve as much as possible the floorplan or place-
ment achieved in a previous design iteration), from predictions, and everafsamptions
The latter two types of constraints arise, in, e.g., predictor-adapter approaches to predictive
modeling.
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erced via weighting, clustering and constraints. Yet, future applica- On one hand, top-down partitioning-based placers have become
tions will be dominated by such forward propagation of constraints apdpular for their speed advantage. This speed comes from using par-

knowledge. titions that are aoarse-grain abstractiomf the layout region and its
) . spatial, geometric properties. For example, the first bisection of a min-
3 The Spatial Embedding Context cut placer is placing the entire (flat, fine-grain) netlist onto just two

Bgi_nts(!) This extreme coarseness in tagout model- vis-a-vis the
minimum-wirelength placement objective — is the mismatch that has

tion must be understood earlier in the design process. Fundamentv\ln Pt]'vee;(tggt telgglenrﬁ:sﬁtr?)%aggtiyen £92] glt"?d_:_'ﬁgcégarg%(%ﬁ?éfiﬂﬁg
spatial embedding iplacement the many flavors are a result of dif- P 4 [12], etc.

ferent constraints, objective functions, and instance structure in gi\’%ﬁi;éﬂ\t’vggqetc?ﬁ/gowg ||8$Vt\algzalljge\,\€% ri}(r:ﬁb%?rgglogilrr:%ﬂ&ts?nagM
applications. A few examples: P | N 9

variants grows quadratically witkin k-way partitioning, and the size

e Placement for MCMs and prototyping architectures has unig@éthe “net gain vector” [12] grows exponentially ka Hence, the cor-
difficulties due to the highly non-uniform nature of the device ani@ct extension of the trend is twn-partitioning basegblacers with a
interconnect resources. One often encountersl constraints €SS coarse-grain layout abstractfon. N
(e.g., fixed /O and device capacitieslpn-geometrimbjective On the other hand, flat (annealing-based) placers traditionally have
function terms (e.g., from architecture-dependent costs of difoe-grain views of both the netlist and the layout. They obtain speedups
ferent routing resources), andn-localobjective function terms Via (multilevel) clustering [26]; with this technique, the flat placer can
(e.g., minimize the maximum number of hops between FPG)e viewed as mapping (1) a coarse-grain (clustered) netlist onto (2) a

devices on any latch-to-latch path). Similar difficulties arise ifine-grain layout target. Notice the contrast with the trend for top-down
what might be termedoorplan-driven partitioning for which ~partitioning-based placers. The critical observation is that the two clas-

antecedents were studied in [27]. sical placer speedup techniques — coarseningétlest, and coarsening
the layout target— are orthogonal. With this observation, one real-

¢ Placement for pre-synthesis floorplanning presents a mix of haiuks the import of the recent NRG placement approach of Sarrafzadeh
(estimated) semi-hard and (estimated) soft blocks. Aspectsapid Wang [22]: it shows that the two types of speedup can and should
the input (components, connectivity, time budgets, etc.) are ofjgindependentlymplemented. Using these ideas to achieve optimum
partially or probabilistically specified (see recent work of Sarspeedup and solution quality is a research direction that will, among
rafzadeh and coauthors, e.g., [B]Block floorplanning also ex- other things, determine the limits of FM-style methods for multi-way
emplifies the “phase transition” between heterogeneous and partitioning.
mogeneous instances, and discrete and continuous perspectives
for optimization. Finally, in most methodologies the reconcili5 Future Research Directions

ation of functional and physical hierarchies during block place- . I s
ment (as well as chip-level route planning, pin definition and p:[_hls paper concludes by listing directions for future research. Readers

formance optimization) must be maintained. Certain node I8 f'?]d It interesting to comzare what fOHOW.S Yf;/l'th the predictions

terings or smashings might be prohibited. This leads to new ng_/en three years ago in [3] and two years ago in [13].

titioning formulations (see the recent work of Cheng and coau- e Prediction in top-down design requirestance models\Ve need

thors, e.g., [17]). structural models oheterogeneousdesign instances, at all lev-

) ) . els of representation, that go beyond “single-number” character-

¢ Gate-level placementin row-based implementation styles presents i;ations. Note that traditional measures such as I/O count, gate

nearly geometric objective function terms, along with very ho-  coynt; Jatch count, diameter and Rent parameter all use single

mogeneous instance structure. However, as noted above, even nmpers to describe the design. Today’s Rent-like characteri-

these placement instances will become constraint-dominated (€.9., sations are based solely ¢opologicalstructure; future models

the floo_rplan_ne_r will forwa_trd-annotate estimated locations, route must captureielayandtemporalstructur@ as well acommuni-

topologies, timing and noise budgets, etc.). cationandfunctioncomplexity. Such new structural models will
also facilitate such design activitiesiaserconnect tuning14].

Improved manufacturing technology expands the scope of physical
sign, since the effects apatial embeddingn performance and func-

4 The Role of Partitioning Predici _ ! model LW 4 models of
¢ Prediction requiregool modelsas well. We need models o

Partitioning facilitates the divide-and-conquer approach by decompos-  gjopg| optimizqation metaheuristics that allow prediction of output
ing problems in a manner appropriate to the application withoutlosing  5ojytion quality based on instance parameters and available CPU
too much solution qualityThis is a “mission statement” for the parti- resource. Simple examples include (i) “best-so-far’ curves for
gﬁ;gg ;Iledlgéi-g;]d:gb Fl)iigtlité)onrgn?-l |cs) v?eli/ee); eilteirgir; %“lg?rxhﬁﬁgrs?gg;?/; such itgrzlﬂtiv? global optimizations ]:';13 simulgted_aﬂgearllingd(based

: ; on models of optimization cost surfaces and neighborhood struc-
“standard” partitioning algorithms (basically, multilevel implementa-  res), and (ii)pdistributions of solution qualitygfor multi-start
tions of Fiduccia-Mattheyses (FM) variants [10] [4] [16]) will success-  etaheuristics (e.g., order statistics of multiple runs of FM parti-
fully adapt to tomorrow’s challenges: non-local and non-geometric ob- tioning).
jectives; constraint-dominated formulations; the need to maintain “de-= : _ _ o
sign state” information (noted above); etc. | believe that the partitionin “The min-cut framework suffers from other mismatches with the placement application,

. . ] . . e 2.3., “min-cuts” typically create underutilized routing resources along cutlines.
field must (i) carefully determine the limits of the major partitioning ap: 8Both surveys [3] and [13] point out the need for improved benchmarks and “culture”

proaCheS_‘ and (i) never lose sight of the “miS_Sion Statement_”- (reporting of experimental protocols and results; sharing and reuse of ideas/software across
A basic precept that follows from the mission statement is that patultiple application domains). Alpert [1] has made a huge step toward improved bench-

titioning objectives and algorithms must be fitted to applications, noarks, and though cultural gaps still persist, | will not address them below. Both surveys

f ; Nt to constraint-dominated partitioning, and the potential for combinatorial or enumer-
the other way around. To illustrate the mismatches that can Occural e methods. [13] suggests logic resynthesis and estimation of system properties; [3]

tween partitioning algorithms and the underlying application domaifl,ggests the study of clustering and iterative metaheuristics for global optimization. Al of

consider the following synthesis of row-based placer evolution. these futures are mentioned again below, hopefully with some fresh perspectives. The one

direction that seems to have been dropped is spectral partitioning, which has seen significant
SLillis [20] observes that if block attributes such as area are represented by probabéitivances by researchers at, e.g., UC Santa Cruz and the University of Waterloo, but which

distributions, a feasible partitioning could be defined as one where each partition contaiay not be critical in the future [2].

nodes whose area satisfies capacity constraints with some pre-specified “high probability”?For example, we may characterize edges according to their feasible or budgeted delays.




e To support the previous goal, various partitioning formulations
must be characterized as large-scale discrete global optimiza-
tions. What are the statistics of the optimization cost surface
under given neighborhood structures? What is the appropriate
choice of metaheuristics (e.g., multi-start greed, annealing, large-
step Markov chains, population-based search, etc.) for search
in a given cost surface under CPU bounds? Studies of itera-
tive global optimization [6] suggest that iterated-descent meth-
ods and “go-with-winners” types of population-based search are
very effective. The theory of problem-space and heuristic-space
methods [241° is also of particular interest, given the possibility
of subtle mismatches between the partitioning objective and the
application’s true objective. A new theory must also be devel-
oped that allows us to effectively introducerrectionsfor such
mismatched?l

Formulations for partitioning that explicitly account for spatial
embedding must be developed. As noted above, floorplan-driven
partitioning and embedding into rapid prototyping architectures
provide examples of highly non-geometric objective function terms.
Combinatorial techniqgues seem more appropriate that iterative
methods for such formulations. The links between placement
and partitioning can also become more bidirectional, i.e., place-
ment can be a tool that leads to good partitioning solutions, just
as partitioning is a tool for placement.

Formulations that handiéming constraints must be developed.
Lillis [20] notes that recent retiming objectives may well give

smaller instance to save runtime or allow better search of the so-
lution space; this is the primary motivation in the literature. Sec-
ond, when it is known that modules should be grouped together,
clustering them together prevents, e.g., a top-down partitioning
placer from making a mistake. Third, and most important, clus-
tering captures design knowledge that would otherwise be for-
gotten (e.g., identification of synthesized buffer-inverter trees,
two-dimensional datapath regularity [21], clock/test structures,
electrical clustering? or hierarchy). To date, principled studies
of clustering have not yet been published (some first steps are
given in [15] [11] [16]). At least three threads of research remain
disconnected: clustering objectives (which have mostly been ad
hoc), clustering heuristics (none of which yet directly optimizes
any of the proposed clustering objectives), and benefits to given
applications (which currently lack metrics as well as direct links
back to the clustering objectives). These should be unified.

Other research topics: (1) How much does the choice of cluster-
ing heuristic matter in multilevel partitioning and placement ap-
proaches? (2) If the choice does matter, what clustering heuristic
and parameters (e.g., the matching ratio in heavy-edge matching
[16]) should be used for circuits with given characteristics, and
given partitioning/placement applications? (3) What are the best
approaches to timing-oriented clustering? (Lillis [20] suggests
concepts of convexity (no directed path leaves and later re-enters
a cluster) and quasi-convexity.)
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