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Abstract—In this paper, we present a complete chip design especially in electrical characteristics of circuits, are faced
method which incorporates a soft-macro placement and resyn- py |C designers. This has led to a new research direction in
thesis method in interaction with chip floorplanning for area design automation at synthesis and physical levels. Recently,

and timing improvements. We present a performance-driven
soft-macro clustering and placement method which preserves several papers [5]-[8] have addressed the challenges and

hardware descriptive language (HDL) design hierarchy to guide COnsiderations in physical designs targeted to deep-submicron
the soft-macro placement process. We develop a timing-driven processes.

design flow to exploit the int.eraction betwgen ‘HDL.synthesis and A typical HDL-based design flow involves multilevel design
physical design tasks. During each design iteration, we resyn- tasks. Over the years, much effort has been invested to

thesize soft macros with either a relaxed or a tightened timing . th litv of desian tasks at h desian level. F
constraint which is guided by the post-layout timing information. Improve the quality or aesign tasks at each design level. Few

The goa| is to produce area-efficient designs while Sa’[isfying StudieS haVe been Conducted to inVeStigate the interaction
the timing constraints. Experiments on a number of industrial between different design tasks. Pedram and Bhat [9], [10]
designs ranging from 75-K to 230-K gates demonstrate that the presented several technology mapping techniques by consid-
proposed soft-macro clustering and placement method improves ering net lengths for area and delay optimization. lst

critical-path delays on an average of 22%. Furthermore, the . . .
results show that by effectively relaxing the timing constraint al. [11] presented a resynthesis technique that resynthesizes

of noncritical modules and tightening the timing constraint of the most congested region of the chip to reduce routing
critical modules, a design can achieve 11% to 30% timing area. Stenzet al. [12] proposed a timing-driven placement

improvements with little to no increase in chip area. method in interaction with netlist transformations. The netlist
Index Terms— Floorplanning, placement, resynthesis, soft- transformation procedure is integrated into the placement
macro, timing-driven. process so that accurate delay models are available to guide

the transformation process. Their results showed that delay
reduction is achieved with almost no increase in chip area.
Holt and Tyagi [13] proposed an integrated approach that
VER past decades, academia and industry have jRcrementally develops a placement during the logic synthesis
vested much effort in physical design related researgbyocess for power minimization.
including floorplanning, partitioning, placement, and routing. |n this paper, we present a complete chip design method
Several excellent reviews of physical design techniques aifich incorporates a soft-macro placement and resynthesis
given by [1]-{4]. By integrating various techniques, manynethod in interaction with chip floorplanning for area and
design methods and software systems have been develofgshg improvement. The main objective is to develop a
for chip designs. One of the most popular design methogiging-driven design flow by exploiting the interaction be-
uses schematics as the design entry, followed by floorplannifgeen HDL synthesis and physical design tasks. Experiments
placement, and routing to produce final chip layouts. Thish a number of industrial designs have been conducted to
design method is very effective and efficient on small tgemonstrate the effectiveness of the proposed method.
medium-scaled designs. However, with the advent of deep-The rest of the paper is organized as follows. Section Il
submicron technology, more and more devices can be packr@cribes the problem. Section Ill presents the proposed design

into a very complex single chip. Due to the time-to-markefow. Section IV gives experimental results. Finally, Section V
pressure of designing complex chips and the maturity of syfiraws concluding remarks.

thesis tools, more and more integrated-circuit (IC) designers

use an hadrware descriptive language (HDL)-based synthesis

approach to develop and manage large designs. Furthermore, IIl. PROBLEM DESCRIPTION

as devices geometries shrink, a new set of design challengessig. 1(a) shows a typical HDL-based chip design flow. It
. . , consists of five steps: 1) HDL synthesis, 2) floorplanning, 3)
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Fig. 1. A typical HDL-based method for macro-based designs: (a) the design flow, (b) soft-macro placement by preserving HDL design hieraray, (c) desi
with positive slack values, (d) design with timing-relaxed resynthesis, (e) design with timing violation, and (f) design with timing-tightgmbe siss

hierarchical modules containing hard macros [e.g., predefinedn this study, we focus on developing a complete chip design
blocks with fixed size and input—output (I/O)-pin locationmmethodology which incorporates a soft-macro placement and
and soft macros (e.g., blocks that can be implemented wittsynthesis method in interaction with chip floorplanning for
a flexible layout style such as standard-cells). area and timing improvement. There are two main objectives
In the first step, a synthesizer converts an HDL desido this research. The first one is to develop a method which
description into a hierarchical gate-level netlist by performingan utilize design structural hierarchy to guide soft-macro
HDL compilation and a series of RTL and logic synthesiplacement. Several recent studies [14]-[20] have demonstrated
tasks. In the second step, a floorplanning procedure is invokédt considering the circuit structural properties during the
to determine the location of each macro on the layout plardacement process can improve the placement result. In this
In the third step, a placement-and-routing procedure is us&didy, we investigate how to preserve HDL design hierarchy
to perform detailed gate-level placement and routing. In thie improve the quality of soft-macro placement, as shown in
fourth step, the circuit parasitic information is extracted. Fiig. 1(b).
nally, a post-layout timing analysis procedure is performed to The second objective is to develop a timing-driven soft-
determine the most critical paths and their delays. If the timimgacro resynthesis method by exploiting the interaction be-
does not satisfy the design requirement, a refinement iteratisreen HDL synthesis and physical design tasks, as depicted in
will be executed until the timing requirement is satisfied. ThEig. 1(a). Consider a design which consists of five macros, two
refinement procedure can be applied at different design levédiard macros and three soft macros. Initially, each soft macro
For instance, we can resynthesize certain modules or indersynthesized into a gate-level netlist. After the floorplanning,
drivers along the critical paths to speed up the circuit timinglacement-and-routing, and post-layout timing analysis, there
We can also adjust the floorplan or rerun a performance-drivare two possible cases. Fig. 1(c) shows the first case in which
floorplanning procedure guiding by the post-layout timinthe design satisfies the timing constraint and the critical path
information. Furthermore, we can adjust the soft-macro placeecurs between soft macrd&8ML and SM2. Consider that
ment or rerun the detailed placement and routing procedur¢he slack betweeSM3 and {SML, SM2} is larger than zero.
Typically, an HDL-based design flow involves multilevelThis indicates that we may have provided an excessive timing
design tasks. Over the years, much effort has been invested¢dastraint tcSM3 during the synthesis process. In this case, we
improve the quality of design tasks at each design level. Vecgn resynthesiz8M3 with a relaxed timing constraint which
few studies have been conducted to investigate the interactimually produces a more area-efficient design, as depicted in
between different design tasks. This motivates us to investigadig. 1(d). Fig. 1(e) shows the second case in which a timing
how to develop a complete chip design methodology by inteiolation occurs betwee®SML and SM2. This indicates that
grating multilevel design tasks and exploiting the interactiome may have provided an under-estimated timing constraint
between them. to either SML or SM2 during the synthesis process. In this
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DL desion In the followings sections, we will discuss the soft-macro
| . .
descriptio% ——J formation, soft-macro placement, and soft-macro resynthesis

in details.

HDL synthesis P& R .
; * B. Soft-Macro Formation
There are two main considerations in soft-macro formation.
Pre-layout Bastlayout ) . s S : :
timing analysis timing analysis First, in many of today’s applications, such as multimedia

¥ ) chips, designs usually have multiple clock sources with differ-
St nacts formation il e ent rates. It is beneficial _to group soft macros associated Wi_th
’ No es the same clock sourcellnto the same cluster. _Second, using
an HDL-based synthesis method, the synthesized subcircuit

Flootplanning Ageynihesis of each leaf module is naturally a closely-connected cluster.
v However, a design may also contain extremely large modules
containing tens of thousands of gates. This is undesirable

Softmacro tlacement — because a large cluster is too rigid for macro placement and
may often result in poor placement results. Furthermore, a

Fig. 2. The proposed design flow. design may also contain a large number of small subcircuits.
This is also undesirable because a large number of macros

case, we may have to resynthes®é? with a tightened timing will increase the computational complexity of the macro-cell
constraint which can produce a timing-violation free design b@tacement process. _
costs some area overhead, as depicted in Fig. 1(f). The goaThe soft-macro formation procedure consists of three steps:

is to produce the most area-efficient design while satisfyirlg clock-based clustering, 2) large-macro decomposition, and
the timing constraints. small-macro clustering. In our approach, we first use a

commercial synthesis system to convert a Verilog design
. THE PROPOSEDMETHOD description into a hierarchical gate-level netlist. We then
construct an HDL-based structural tree to represent the struc-
A. Overview tural hierarchy of the Verilog design description. In an HDL
i _ . . . structural tree, the root node represents the top design, and
Fig. 2 depicts the proposed design flow which consists @fqp, jntermediate node represents a module construct. Each

eight steps: 1) HDL synthesis, 2) prelayout timing analyast pode represents a circuit block generated from a leaf
sis, 3) soft-macro formation, 4) floorplanning, 5) soft-macrg,4,je.

placement, 6) placement-and-routing, 7) post-layout timing after constructing the HDL structural tree of a design, we

analysis, and 8) resynthesis. The input to the design flowjs group the macros connected to the same clock source
an RTL design description in Verilog. In the first step, af, the same cluster. Then we determine the large-macro
HDL-based synthesizer converts the Verilog design descrips,gigates which need to be decomposed into smaller ones.

tion into a hierarchical gate-level netlist by performing HDL sejection of large-macro candidates is based on the size of

compilation and a series of RTL and logic synthesis taskga macros. We define the threshold valdg of a large-macro
In the second step, a timing analysis procedure is app"@&ndidate as

to perform prelayout timing analysis of the design. A set of

critical paths will be identified and used to guide the following My =k * Savg (1)
macro-clustering, floorplanning, soft-macro placement, and

placement-and-routing procedures. In the third step, the systesmereS.,., is the average macro sigéTotal cellsy (#Macros)
groups soft macros connected to the same clock sources iiotal cellsand #Macrosare the total number of cells and the
the same cluster. It also groups small subcircuits to form largamber of soft macros in the design, respectively, arid a
macros and decomposes extremely large macros into smaliser-defined threshold parameter for controlling the size of the
ones. In the fourth step, we use a commercial floorplanfarge-macro. If a macro is larger thad,, then it is selected

to perform macro floorplanning to determine the locations @ a large-macro candidate. For each large macro, we use the
hard macros and then extract the available area for soft mactelsl partitioning method [21] to recursively decompose large
In the fifth step, a soft-macro placement procedure is appliethcros into smaller clusters.

to determine the relative location of each soft macro on theFinally, we use a clustering algorithm [22] to group small
layout plane. In the sixth step, we use a commercial tool toacros into large ones based on the size constraint, and the
perform placement and routing tasks. In the seventh stepcréicality and connectivity between macros. L@&t= {V, F'}
post-layout timing analysis procedure is invoked to compube the connected graph whéreis the set of macro nodes and
the final timing of the design. Finally, if there exits a timingE' the set of edges. An edgg; exists if there exists at least a
violation or there is a chance for area reduction, a soft-macignal flow between macrag andv,. A weight is associated
resynthesis procedure is invoked. The system iterates stepih each edge indicating the number of connections between
four through the final step until all the timing constraints arevo corresponding macros. We define the connecti@iyin;;,
satisfied and no more area improvement can be achieved. the criticality Crit;;, and the closeness;; of two macrosu;
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X two steps: 1) force-directed-based placement and 2) sweeping-
-1 0 ! HM1 T HM3 based soft-macro assignment. In the first step, we determine
i the relative location of each soft macro. In the second step,
T Hmy | HM3 ; ;
|| @ we assign each soft macro into the layout plane.
J\ : We divide the layout plane into nine regions, as depicted
Yo HMZF |HMa | HME2~=- @ @ ="M in Fig. 3(a). Initially, each hard-macro is assigned into its
; Jl @ corresponding region according to the floorplanning result.
ST IF_ Then, we apply the force-directed algorithm [23] to determine
‘ HM5 . . S
————- l HMs the relative location of each soft macro, as shown in Fig. 3(b).
Let M = {my,---,m,} be a set of hard and soft macros.
@ (b) Let Awij = |o; — x4l Ayiy = |yi — y;|, and Ady; =
((Azi;)* + (Awzy;)*)Y/2. Let Fi (F}) be the total force
N enacted upon macticby all the other macros in thedirection
Window @ (y direction). The force equations can be expressed as
LT o i=n
M . - Fp =Y (—wij X Az +7 X Azy; [Adij) — F,, (5)
-w svz s yt
1 | . R
NG Fy =" (—wij x Aygj +7 % Ay [Adyy) - Y, (6)
j=1
© _j:rn ji=n
Fig. 3. Soft-macro placement: (a) floorplanning and soft-macro area extrafargfm = Z (—wij X A-Tij + 7 X Aﬂ?ij/Adij) m
tion, (b) force-directed-based placement, and (c) sweeping-based soft-macro G=1 j=m—+1
assignment. -
(7)
d _ern j=n
and, as = |30 > (—wi x Ayij +7 x Aysi/Ady) /m
(pods ) x (2o 2 < i=1 j=m+1
Conn,; = { “Witwi—2wi 5t U (2) -
7o, 2> (8)
. . 5,45
. ; p HTE < . . .
Crit;; = {1’ it Crit_Path(v; < v;) and m =1 (3) wherem is the number of soft macros. is the repulsion
0, else . . .
. constantr is 1 when there is no connection between macros
Cij = o Conny; + 3 Crit;, 4 andj. FZ, and F¥  are the force acted upon the set of
where all soft macros by the hard macros in theandy directions,
. . tively.
; denotes the total connection weight of ©3PE¢ . . o
Wi o 9 After computing the forces in both: and y directions
(2 .
wi; denotes the total connection Weigh{or egch soft macro, we can calculate the relativeand y
) coordinates of each soft macro on the layout plane, as shown
betweeny; and v;; in Fig. 3(c). We then apply a sweeping-based method to assign
85 denotes the size af;; in Fig. 3(c). pply a sweeping '9

fsoft macros into the available layout area, which is described
as follows. First, we estimate the width and height of each
gmacro. Since the layout area of each cell can be found in a
traveling across; and v; f:ell library data book, the total required area for a s_oft macro

is computed as the sum of layout areas of all cells in the soft

o andg two coefficients set by the user. . .
o _macro. Second, we compute the width and height of the macros
In order to eliminate small macros and prevent the formatumlsed on 1:1 aspect ratio. Third, we use a window which

of large clusters, the User can set the upper bound on the_s‘a‘ﬁfeeps from top to bottom in thedirection. The size of the
of a cluster. When the size of a new macro formed by Mergiindow can be set by the user. In our implementation, we set
two macros is larger than the upper bound, the closeness Vacwgwindow size as the average height of all macros. We then

between these two macros is zero. compute the total required area for the soft macros covered
by the window, and follow that by allocating a region on the
available layout area which is large enough to accommodate
Prior to the soft-macro placement, a floorplanning procedutige soft macros. In our implementation, we use a commercial
is invoked to determine the locations of hard macros. Thearea router for the detailed routing. According to the vendor’s
the available area for soft macros is extracted, as shownracommendation, we allocate an area of 1.15 times total cell
Fig. 3(a) (the dotted area). The main objective of the softrea to each macro in order to successfully complete the
macro placement is to determine the relative location of eantuting. Finally, we assign the soft macros into the allocated
macro on the layout plane. Soft-macro placement consistsrefjion from left to right in thex direction. The soft-macro

s IS the upper bound on the size o
a cluster set by the user;
Crit_Path(v; & v;) denotes that there is a critical pat

C. Soft-Macro Placement
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of the positive and negative slack values of all the 1/O ports
in a soft macro

POYSM) =) SlacKp,), for all Slackp;) >0  (9)
NEG(SM) = )~ SlacKp;), for all Slackp;) < 0. (10)

If there exists a negative slack value associated with any soft
macro, a timing violation occurs. In this case, we select the soft
macro with the highesEGSM,) as the candidate for resyn-
thesis because it should be the most critical one. If all timing

assignment procedure continues until all the soft macros Wgisfies the timing constraint, we select the soft macro with

assigned to the layout plane. For example, in Fig. 3(c), tlfﬁze highestPOS'SM)

sweeping window first covers one soft ma@®il which is

assigned to the top region of the layout plane. In the secoirﬁd

sweeping, the window covers two soft mac®sR andSw

as the resynthesis candidate because
resynthesizing it with relaxed timing constraints should result
a maximal area reduction. After selecting a candidate, we
use a commercial synthesis tool to resynthesize the soft macro

which will be assigned to the allocated area from left to righby specifying the 1/O-ports’ timing constraints according to

After determining the location of each soft macro, we invokﬁ]

eir slack values. Subsequently, we invoke a floorplanning

a number of commercial tools to perform placement, rou“ngrocedure to adjust the chip floorplan by preserving the

back-annotation, and post-layout timing analysis.

original relative locations of all soft and hard macros.
The proposed timing-driven soft-macro placement and

D. Soft-Macro Resynthesis in Interaction with FloorplanningresymhesiS (TSPR) method is described as

The key issues for the resynthesis process are twofold. FilBtpcedureTSPRDya1, Teonst )
how to determine which soft macro should be resynthesizdzkgin
Second, if a soft macro needs to be resynthesized, to whatDg,;. «+ HDL_Synthesi&Da1);
extent can its timing constraint be relaxed or tightened. Our Prelayouttiming_analysi$Dga¢e);
resynthesis procedure consists of two steps: 1) slack compu-Si,.. — Structuraltree.construction( D¢ );

tation and 2) soft-macro resynthesis candidate selection.

Soft macraformationSi,c. );

In the first step, we start by back-annotating the delay FloorplanningSiree, Zconst);
information for each 1/O port of soft macros. The delay SoftmacraplacementSiee, Zeonst);
information is extracted from a post-layout timing report. We Placerout§ Dgate, Tconst);
then compute the slack value for each inter-macro signal path. RC_extractioff Dgat..);

Finally, we assign a slack value for each 1/0 port of soft Postlayouttiming analysi§Dgat.);
macros. The value is computed using the following formula: SlackcomputatiofS;ee, Dgate);

SlacKp;) = MIN{SlacKp;,p;), p; € SM. andp; € SM},

while (timing constraint is violated or more area

where (p;,p;) denotes the interconnection between parts
andp,, andSM, and SM, denote two soft macros.

The slack of an I/O port is defined as the minimum slack
value of all the signal paths associated with this I/O port. For
example, Fig. 4 depicts a slack computation example between

can be reduced)

begin

POSSM,)_andNEGSM,)_computatiofS:e.);
SM, «— SoftmacracandidateselectionS;;c.);
Siree < HDL_Synthesi§SM,);

two soft macrosSML and SM2, wheredl, d3, d4, and d6
denote delays at porgsl, p2, p3, andp4, andd2, d5, andd7
denote the wiring delays. The delay at a ppystis defined

as the longest path delay reaching this port. For example,
assuming that there are two signal pathsSiML that reach

port pl, FF1 — pl and FF2 — pl, the delay at porpl is

Floorplanplaceroute ECO(Stree, Teonst);
RC_extractio Dgate );
Postlayouttiming_-analysi§Dga:. );
SlackcomputatiofSiree, Dgate);
end.of_while
end.of_procedure

defined as the longest path delay of these two paths. GiverThe inputs to the system include an HDL design description

a timing constraintl,.,.;, the slack betweeml and p2 is

Teonst — (d1 + d2 + d3) (SlacKpl, p2)), betweenpl and p5

iS Teonst — (d1 4+ d7 4 d8) (SlacKpl, p5)), and betweerp3

and p4 is Teonst — (d4 + d5 + d6) (Slackp3, p4)). Hence,
SlacKp3) andSlacKp4) are equal tdSlacKp3, p4), SlacKp1)

equalsMIN SlacKp1,p2), SlacKpl,p5), and SlacKp2) and
SlacKp5) is equal toSlacKpl, p2) and SlacKpl, p5), respec-
tively.

(Dng1) and timing constraintyZeons). Let Dgye and Syee
denote the gate-level design and structural tree. Initially, the
system performs HDL synthesis, prelayout timing synthesis,
structural-tree construction, soft-macro formation, floorplan-
ning, soft-macro placement, placement-and-routing, and post-
layout timing analysis to produce an initial chip layout. During
the resynthesis iteration, the system first computes the slack
value for each soft macro 1/0O port, and then computes the

In the second step, we use two cost functions to determisiack value for each soft macro. Following, the system selects

which soft macro should be resynthesized next so that maxineale soft-macro candidate which contributes the most in timing
area and/or timing improvement can be achieved. The cast area improvement. After resynthesizing the soft macro,
functions POSSM,) and NEG(SM,) are defined as the sumthe system performs floorplanning and placement-and-routing
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TABLE | TABLE I
CHARACTERISTICS OF THEBENCHMARKING DESIGNS COMPARISON OF THECRITICAL DELAY GENERATED BY THE DESIGN
Designs Nets | 10s | HMs | SMs(Before/After) | SMs(Cells/Gates) | Total Gates MEeTHoDoLoGY WiTHOUT/WITH (METHODL/METHOD 2) QUR PROPOSEDMETHOD
Indl 15373 | 83 ] 13 157 /22 15,086/38.240 75,000 Designs Arca(um) | Delay(ns) Method 1 | Delay(ns) Method 2 | %
Ind2 27,404 | 155 8 150/28 42,030/75,361 95,000 Ind1 5.025x5.025 225 18.35 °19
Ind3 [ 53,314 | 73 | 31 292/50 45,378/124.180 230,000 Ind2 5’306X5’275 47.9 38-25 71'9
Ind3 | 7,300%7,200 27.6 19.80 -29
spft macro Placement & Routi
1 1
HDL design location AV ANT! outing _ . ) )
description (Aquarious XO) It first imported the entire design, then flattened the soft
netlist ¥ routed database macros into a randome-logic circuit, and finally performed hard-
HDL Synthesis RC extraction macro placement. Because the three designs we used in the
Synopsys (SA“P//G;\I—SC) experiments contain analog and memory modules, an inferior
(Design Compiler) JosPr floorplan can be expected to greatly reduce chip quality.
netlist & timing Delay Caculation Hence, .after genera}tlng the initial floorplan, we consulted
y constraint (S/'}'XARNSC!;) the designers and fine-tuned the floorplan manually. In the
Soft-macro formation f SoF fourth step, we used t_he proposed performance-driven soft-
Timing Analysis macro placement algorithm to perform soft-macro placement.
SO;}JTJ?)C'O DSynop§rys In the fifth step, we used AVANT!'sAquarious XO[26] to
(Design Time) perform detailed placement and routing. In the sixth step,
B'°°c'§a';'g§3é“e”t timing report AVANT!'s STAR-R(27] was used to extract parasitic layout
(Silicon Ensemble) ming Ok & No Mors information. In the seventh step, we used AVANTBETAR-
g :
area impravement DC tool [28] to perform delay calculations and generate an
hard macro . .
y location standard delay format (SDF) file. In the eighth step, we
Re-Synthosis used SynopsysDesign Time[24] to perform post-layout
Soft-macro placement -~ Synopsys timing analysis. Finally, we applied the proposed soft-macro
ey esis | (Design Compiler) resynthesis iteration to incrementally improve the area and

timing of the layout. During each resynthesis iteration, we first
used Synopsydesign Compileto perform logic resynthesis
by supplying a relaxed or a tightened timing constraint to the
soft macros. We then applied an ECO function supported by
AVANT!'s Aquarious XOto perform placement and routing.
ECO, followed by RC parasitic extraction and post-layoutor all experiments, we provided the floorplanner (the third
timing analysis. Finally, if there is improvement, then thgtep) and the placer-and-router (the fifth step) with the most
resynthesis iteration continues. Otherwise, the system st@pgical 200 paths (generated in the first step) as the timing

Fig. 5. The experimental flow.

and reports the final chip layout. constraints.
We have conducted two experiments to further examine the
IV. EXPERIMENTS effectiveness of our proposed methods. In the first experiment,

We have tested the proposed method on three industié@ compared the layouts generated by applying our proposed
designs. All three designs are described as hierarchical, mi&sit-macro clustering and placement method (Fig. 5) and those
RTL and gate-level netlists in Verilog. Table | shows thavithout (in this case we used Cadenc&gicon Ensemble
characteristics of the designs in whidkets 1/Os, HMs, [25] to perform chip floorplanning and Cadenceéi&DS tool
SMs(Before/After)SMs(Cells/Gates)and Total Gatesdenote [25] to perform soft-macro placement). In this experiment,
the number of nets, 1/0 pins, hard macros, soft macros befove used the Taiwan Semiconductor Manufacturing Company,
and after performing clustering, cells/gates of soft macrdstd. (TSMC) 0.5um cell library [29].
and total gate-count of the design. In the three desiipu, Table Il compares the design quality without/with our pro-
contains three clock sources, amdi2 andind3 contain two posed soft-macro clustering and placement method. The delay
clock sources. In all experiments, we set the threshold valuegues are the worst path delays obtained from the post-layout
k= 2 for large-macro decomposition arf}, = 0.15,.,, for timing analysis. The results show that the design methodology
small-macro clustering. that uses our proposed method outperforms the one that does

Fig. 5 shows the experimental flow. In the first step, weot by demonstrating an average 22% reduction in the most
used SynopsysDesign Compiler[24] to convert the input critical-path delay. Figs. 6 and 7 show the most critical path
Verilog design description into a hierarchical, gate-level netlisf ind1 with and without our proposed method.
and then performed timing analysis to report the 200 mostin the second experiment, we tested the proposed timing-
critical paths. In the second step, we used our proposed sdftven resynthesis method. We have conducted two sets of
macro formation method as a preprocessing step to geneexperiments. In the first experiment, we used the TSMC 0.5-
soft-macro clusters. In the third step, we used Cadenceim cell library [29]. In the second experiment, we used the
Silicon Ensemble(Block Placement [25] to perform chip TSMC 0.25zm cell library [29]. Note thatindl and ind3
floorplanning and determine the location of hard macrosontain a phase-locked loops (PLL) module. Unfortunately, the
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TABLE 11l
THE AREA-DELAY ComPARISONS OFindl UsING THE 0.5-um LIBRARY
Iter | IO | #HM | #SM(B/A) | Gatesy | Gatery | Area(um?) | Delay(ns) | Tresyn(hr) | Tooo(hr)
1 83 13 157/22 38,240 | 75,000 | 25,250,625 18.35 6 4
2 83 13 157/22 38,279 | 75,039 | 25,251,118 15.87 5 4
3 83 13 157/22 38,260 | 75,020 | 25,252,218 13.91 4 3
TABLE IV
THE AREA-DELAY CoMPARISONS OFind2 UsING THE 0.5um LIBRARY
Iter 10 | #HM | #SM(B/A) | Gatesy | Gatery | Area{pm?) | Delay(ns) | Tresyn(hr) T...(hr)
1 155 8 150/28 75,361 | 95,000 | 27,957,500 38.25 9 7
2 155 8 150/28 73,501 | 95,140 | 28,037,599 33.71 8 5
3 155 8 150/28 75,533 | 95,172 | 28,039,765 33.30 6 4
TABLE V
THE AREA-DELAY CoMPARISONS OFind3 UsING THE 0.5zm LIBRARY
Iter | TO | #HM | #SM(B/A) | Gatesy | Gatery, | Area(um?) | Delay(ns) | Treepn(hr) | Toeo(hr)
1 73 31 292/50 124,180 | 230,000 | 52,560,000 19.83 13 9
2 73 31 292/50 124,479 | 230,299 | 52,563,260 18.95 8 7
3 73 31 292/50 124,611 | 230,431 | 52,565,788 17.64 7 6

Fig. 6. The most critical path generated without our proposed method. Fig. 7. The most critical path generated with our proposed method.

0.25um-based PLL module is not available and we could naff ind2 using the 0.5:m library. We obtained the same result
perform the experiment on the both designs using the TSMSS that ofindl, in which the timing was improved up to 13%
0.25u:m cell library. Hence, in this paper, we only present theith almost no area penalty. Table V shows the area-delay
result ofind2 using the TSMC 0.2%m cell library. comparisons ofind3 using the 0.5#m library. The results
Table Il shows the area-delay comparisonsirafl using show that the timing was improved up to 11% with almost no
the 0.5xm library, in which IO denotes the number of 1/0O area penalty. Fig. 8 shows the critical path before resynthesis
pins, #HM the number of hard macros,S¥(B/A) the (lteration1 in Table 1V). After two resynthesis iterations, the
number of soft macros before and after applying the soft maanew critical path is shown in Fig. 9tération 3 in Table V).
clustering,Gateyy the total gate count of soft macroSate,, Table VI shows the area-delay comparisonsimd2 using
the total gate countireathe chip areaDelay the worst path the 0.25zgm library. The results show that the timing was
delay, 1 the resynthesis run times in hours, &g, the improved up to 30% with 11% area penalty.
ECO run times. The results show that by resynthesizing soméMe have also compared the average delays contributed by
soft macros, the timing was improved up to 20% with almosgfates and interconnects using @& and 0.25zm technolo-
no area penalty. Table IV shows the area-delay comparisaiss. Table VII shows the average gate and interconnect delay
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TABLE VI
THE AREA-DELAY CoOMPARISONS OFind2 UsING THE 0.25um LIBRARY

Tter 10 | #HM | #SM(B/A) | Gatesar | Gatery | Area{pm?) | Delay(ns) | Tresyn(hr) Teco(hr)
1 155 8 150/28 75,361 95,000 6,250,000 27.68 10 7
2 155 8 150/28 75,610 95,249 6,388,250 25.67 9 5
3 155 8 150/28 76,922 96,561 6,566.400 21.67 9 3
4 155 8 150/28 78,169 97,808 7,022,500 19.32 8 4

Fig. 8. The initial critical path ofnd2 using the 0.5+m library. Fig. 9. The new critical path ofnd2 using the 0.5+m library after two
resynthesis iterations.

comparisons of the most critical paths iofd2. The results TABLE VII

show that using the 0.pm technology the average gate’'s THE COMPARISONS OF THEAVERAGE GATE AND INTERCONNECT
intrinsic delay and interconnect delay are 0.171 ns and 0.277  DELAYS OF ind2 USING THE 0.57:m AND 0.257:m LIBRARIES
ns, respectively. In addition, using the 0.26 technology, the Lib. | Gate Delay(ns)[A] | Interconnect Delay(ns)(B] | [B]/[A]
average gate’s intrinsic delay and interconnect delay are 0.10700;5;;7; gig; 8;72; l‘gi
ns and 0.325 ns, respectively. From the results, we observed— - : -

that the average interconnect-delay versus gate-delay ratios of
the 0.5pm and 0.25:m technologies are 1.62 and 3.04. Thig; st jteration of theind1 design (Table 111}, it took an average

indicates that interconnect delays play an important role ¥ ¢ h and 4 h to run the synthesis and P&R and ECO tasks.
deep-submicron technologies.

From the experiments, the following observations can be
made. When using the 0/ library for designsndi, ind2, V. CONCLUSION
andind3 our proposed method can improve timing from 11% In this paper, we have presented a complete chip de-
to 20% with almost no area penalty. This demonstrates th&gn method which incorporates a soft-macro placement and
by effectively relaxing the timing constraints of noncriticalesynthesis method in interaction with chip floorplanning for
modules and tightening the timing constraints of the criticalrea and timing improvements. We have conducted a series
modules we can achieve significant timing improvements witif experiments on three industrial designs. The results have
little to no increases in chip area. When using the Q:&5- demonstrated that preserving design hierarchy for soft-macro
library, our method can improve timing by 8%, 22%, and 30%lacement leads to significant improvements in circuit timing.
with 2%, 5%, and 11% increase in chip area, respectivelyurthermore, the results have also demonstrated that by effec-
We found that the 0.2pm library supports a large set oftively relaxing the timing constraints of noncritical modules
components with a wide range driven capability. This featusnd tightening the timing constraints of critical modules we
provides more design alternatives during the synthesis procesm achieve significant timing improvements with very little
The experiments were conducted on an HP-C180 workstaea penalty.
tion with 750-Mb main memory. Tables IlI-VI show the run In this study, we have shown that an integrated synthe-
times for the resynthesis and placement and routing (P&Bis, floorplanning, placement, and routing design flow al-
engineering change order (ECO) iteration. For example, in tlevs designers to perform design resynthesis and ECO-based
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placement-and-routing guided by accurate timing informatiofe2]
This method is very effective for timing improvement with

. X . . [23]
very little increase in chip area. One drawback for such a
design flow is that it is an extremely time-consuming task.
It takes close to one full-day to run one resynthesis iteratiof ¥
Shortening the iteration time will be a key factor in improvingas)
the design exploration process. One possible approach is
to move the iteration loop to a higher-level, such as t
floorplanning level. In order to make this happen, a more7]
accurate delay and area estimation method is required. AnotHét
important issue is how to determine the initial timing budgepg;
for each module before synthesis. Good initial time-budgetin
should shorten the number of resynthesis iterations and t
speed up the entire design process.
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