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Abstract—Placement is a critical step in the physical design, as
it largely determines the potential for subsequent optimization.
In this work, we propose a timing-driven detailed placement
framework: first, a simplified RC-tree model is employed for
flip-flop-buffer compensation; then, a gradient-augmented global
heuristic algorithm is incorporated; and finally, timing improve-
ment is achieved through local collaborative optimization. A
comprehensive evaluation on eight ICCAD 2015 benchmarks
demonstrates the effectiveness of our approach. Compared to
DREAMPIlace4.0-DP, a state-of-the-art timing-driven placer, our
framework achieves an average improvement of 19.60% in WNS
and 55.74% in TNS, while introducing less disturbance to the
global placement. Moreover, it delivers a 0.80% reduction in
HPWL and reduces runtime by 20.24%.

I. INTRODUCTION

With the continuous shrinkage of feature sizes in modern
Very Large-Scale Integration (VLSI) and the increasing circuit
complexity, timing closure faces growing challenges [1]. To
ensure that systems function as intended, designers must
prevent timing violations, with metrics such as Worst Negative
Slack (WNS) and Total Negative Slack (TNS) serving as
indicators of timing performance [2] [3]. Placement, a key
stage in VLSI design, determines cell locations and impacts
wirelength, power, and timing [4]. Hence, optimizing timing
during placement is essential for sign-off [5].

Placement can be divided into global placement (GP), legal-
ization (LG) and detailed placement (DP) stages, and timing
optimization can be applied to all these stages. In this flow,
GP determines cell positions but may lead to overlaps. LG
aligns cells with rows and sites to resolve these overlaps, while
DP refines the layout, ensuring legal positions and performing
direction-specific optimizations [6] [7].

Many approaches have been proposed for timing-driven de-
tailed placement. Huang et al. [8] mitigated timing violations
using Elastic Histogram Compression. Kim et al. [9] mini-
mized clock arrival times in FFs, which significantly alleviated
Early violations but also exacerbated Late violations, while
other studies [10] [11] concentrated on analytical placement
of FFs, gates, and Local Clock Buffer (LCB), improving
the quality of the solution through buffer movements. In
addition, the research [12]-[15] used Lagrangian relaxation-
based methods to guide cell repositioning.
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Previous studies have faced performance limitations due to
the high runtime overhead introduced by frequent timing anal-
ysis calls, the lack of timing compensation for distant regions,
and the impact of dual-spacing effects. To address these issues,
we introduce a simplified RC-tree and timing—wirelength
mapping model that enables timing optimization without cell
movements. In addition, we incorporate gradient information
into the heuristic framework and enhance it with local re-
inforcement to ensure both effectiveness and efficiency. Our
main contributions can be summarized as follows:

o Simplified RC-tree for wirelength—timing mapping.
We establish a mapping between wirelength and timing
through a simplified RC-tree, while dynamically recon-
figuring the LCB-FF topology via routing compensation.
This mitigates local search limitations and exploits cross-
region placement resources for enhanced optimization.

o Gradient-guided heuristic algorithm for balanced
search. We integrate gradient-based local optimization
with heuristic global exploration, formulating a pin-
criticality—driven cost function that balances exploration
and exploitation for effective placement optimization.

o Window-based timing optimization for hotspot cells.
Based on window partitioning and incremental timing
updates, we construct a timing-aware cost matrix to
achieve optimal cell-to-grid matching, enabling collab-
orative optimization of timing hotspots.

o Compared to the state-of-the-art detailed placer, our al-
gorithm eliminates Early timing violations in 7 of 8 cases
and improves Late slack. Compared to the overall place-
ment framework DREAMPIlace 4.0, it achieves average
gains of 19.60% in WNS, 55.74% in TNS, while also
being 20.24% faster with better HPWL quality.

The remainder of this paper is organised as follows. Section
II formulates the optimisation problem. Section III details our
proposed methodology. Section IV presents the experimental
results. Finally, Section V concludes the paper.

II. PRELIMINARIES

Static Timing Analysis (STA) is essential for verifying
whether a circuit meets timing requirements [16]. It models
the circuit as a directed acyclic graph (DAG) with alternating
cell and net arcs [17], where nodes store timing information
and arc directions reflect signal propagation, which introduces
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delay, slew, and skew. STA primarily includes path-based (PB)
and graph-based (GB) methods [18]: PB-STA evaluates each
path individually for high accuracy but at high computational
cost, whereas GB-STA approximates timing using worst-case
endpoint values, offering faster but less accurate analysis; thus,
GB-STA is typically used for early evaluations, with PB-STA
applied later for refined results.

During the timing-driven placement (TDP) flow, timing
performance metrics are typically represented by slack [19],
which is calculated using the required arrival time (rat) and
arrival time (at) at each endpoint, intuitively expressed as

slack(ep) = rat(ep) — at(ep). (D

However, to ensure the design meets timing constraints
under different Process, Voltage, and Temperature (PVT) con-
ditions, we often need to load multiple .lib files (typically
Early and Late) to calculate the worst-case slack value [16].
Specifically, to meet timing constraints, it is necessary to
ensure that signals are ready a certain period of time before
being captured (referred to as setup constraints) and that they
remain stable for a certain period after being captured (referred
to as hold constraints), as

SlaCksetup(ep) = Tatmin(ep) - atmaz(ep)y

2
slacknora(ep) = atin(ep) — ratmaz(€p). @

Furthermore, in the task of timing optimization, we can
further extend the above formula to obtain WNS and TNS
to represent global-level timing metrics, as

WNS = min {slacksetup/hold(n)ln € endpoints}, 3)

>

n€endpoints

TNS = min (0, slackserup/nota(n) ). (4)

To achieve better performance, it is essential to integrate
timing metrics within the detailed placement objective fol-
lowing global placement and legalization [19]. By inputting
the legalized placement into a timing-driven detailed placer,
cell positions are adjusted within legalization constraints and
displacement limits. This approach combines timing metrics
with positional information to define the problem:

>

(z4,yi)ENetlist
st. V(xi,y),(zj,y;) € Netlist,
(i < ]) VAN (yz = yj) = (l’i + wid; < ,Tj),

min w (i, ;)

&)

where the value of w (z;,y;) is
max (0, —slacki‘ﬁi’)) + maz (O, —slack(LI‘ifZi)) . (6)

(x;,y;) represents the coordinates of each cell and wid;
represents the width of the i — th cell.

Global Placement And Legalization

Simplified RC-tree
Construction
LCB-to-FF
No Timing Compensation

YES ) Global Timing
onverge’ Anal SlS

Gradient Calculation)

Gradient Calculation)

( Timing Metropolis )

Acceptance

Fast Metropolis
Acceptance

( Global Timing Analysis )

1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
Dererrereerer ' , |
( Placement ) ( Cost Matrix Construction ) i
0 ) r l
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

i Timing

e coriED

| ( Global Timing Analysis )

i 7

i Converge? No
S D —

.def Output

Fig. 1: Overall flow of our algorithm, where the dashed boxes
represent auxiliary tools invoked after completing the tasks in
the corresponding solid boxes.

III. METHODOLOGY

In this section, we propose a timing-compensated detailed
placement framework, as illustrated in Fig. 1. Based on
slack calculation, we first apply wire compensation to confine
the impact of flip-flops within a reasonable range, followed
by iterative placement. The placement process consists of a
gradient-guided global heuristic, incremental timing analysis,
and local window reinforcement for hotspot cells. These three
components complement each other, dynamically balancing
exploration and exploitation, thereby guiding timing conver-
gence more effectively.

A. LCB Reallocation Based on Wire Compensation

In STA, slack is computed from flip-flop, which sets the
Rat [20]; thus, timing optimization first adjusts the Rat to a
proper range. However, conventional scheduling methods only
consider the impact of cell load variations on transition rates,
which is merely an indirect factor influencing timing. This
approach inevitably introduces substantial additional compu-
tational overhead, significantly slowing the convergence of
placement algorithms. Moreover, traditional methods often
neglect the effect of additional interconnects introduced by
redistribution, despite such information being critical for accu-
rately deriving the mapping function between wirelength and
timing. To address these limitations, we propose a topology
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Fig. 2: An example of a simplified RC-tree: a three-pin net
is split into two two-pin nets, with Ry as driver resistance,
(' as sink load, dy as wirelength, and R,,, C', as unit-length
resistance and capacitance.

reconstruction mechanism. By reasonably re-pairing LCB-FF
connections, the method effectively compensates for timing.

Firstly, we extract the timing information of all flip-flops,
including their d-pin and g-pin, and classify them based on
the presence of violations and the type (setup/hold). This
classification initially results in 2 groups. Building on this,
we divide the above 16 groups into three categories based on
the compensatory characteristics of timing and wirelength:

(1) Neutral Type (Flip-flops without violations): This type
of flip-flop possesses slack that can be traded, thereby poten-
tially enlarging the feasible solution space under the constraint
of not introducing new timing violations.

(2) Push-Away Type (Setup violation on the D-pin or hold
violation on the Q-pin): For this type, we select an LCB
positioned farther from the initial flip-flop.

(3) Pull-Close Type (Hold violation on the D-pin or setup
violation on the Q-pin): This type is the opposite of the Push-
Away Type, requiring the LCB to be placed closer.

When both D and Q pins violate timing, the smaller value
is used as the criterion. Flip-flops with all positive values
are sorted descendingly, while those with any negative value
are sorted ascendingly to prioritize higher-criticality nodes.
Considering computational complexity and accuracy, we con-
struct a simplified RC-tree model (Fig. 2), using the Elmore
delay model [21] for 2-pin nets and decomposing multipin
nets into 2-pin segments. Within this structure, we establish
the mapping between required wirelength adjustments dy and
timing optimization targets D, as

doCl
D = Ry (C1 + doCy) + doRu <01 + =2 )
2 ™

d2R,,C.,
= RyC1 + RodoCyy + do R, C1 + 0?,

RU} Cﬂ)

d? 4+ (RoCy + RyC1) do + (RoCy — D) = 0. (8)
SN—— b

a
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Subsequently, by excluding the negative wirelength djy, we
obtain the final mapping relationship:
—b+ Vb2 — 4ac
2—)- ©))
a
For FFs of the Neutral Type, since they exhibit no timing
violations, the corresponding flip-flops possess transferable

dmaz = max(0,

Loadce, =7
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Fig. 3: A simplified example of wire compensation. For
efficiency, timing is not updated after every reassignment;
instead, the search region is limited to half the computed size,
ensuring steady optimization.

timing slack. The amount of slack that can be transferred is
defined as the minimum value among the four timing slacks
of the cell. This value is then used as the independent variable
D in Equation(9) to determine the maximum allowable range
dmay for topology reconstruction without introducing new
timing violations, as illustrated by the green diamond in Fig.3.
Within this range, the algorithm selects an LCB as the target
buffer if it has the maximum load capacitance, its fan-out is
less than npp/nycp+10, and none of its fan-out pins exhibit
timing violations. The current FF is then reassigned to this
buffer. Such a transfer strategy eliminates the need to insert
additional LCBs to satisfy potential electrical connectivity
constraints of FFs, while simultaneously reducing the number
of sibling nodes associated with FFs that actually exhibit
timing violations. Moreover, this state aligns well with the
requirements of our simplified RC-tree model, minimizing the
impact of load capacitances contributed by sibling nodes and
thereby enabling more targeted optimization for cells with
timing violations.

For the other two types, we collect the minimum positive
slack value from the FFs, which is taken as the maximum com-
pensable time of the corresponding net. Using Equation(9), we
derive the maximum Manhattan radius. Within this range, we
select the LCB whose fan-out is smaller than ngr/ncp and
that has the minimum load capacitance as the target LCB.
For push-away type FFs, the selection strategy favors LCBs
located closer to the boundary of the Manhattan ring within
the quadrants where the current FF is likely to move farther,
as illustrated by the blue diamond in Fig.3. By symmetry, the
strategy for pull-close type FFs can be derived in an analogous
manner, as illustrated by the orange diamond in Fig.3.

B. Timing-Aware Gradient Annealing

In FPGA design, prefabricated logic blocks and intercon-
nects greatly reduce constraint complexity, allowing black-



box algorithms such as simulated annealing to often suf-
fice. In contrast, VLSI design must adhere to strict physical
rules and account for clock trees, process corners, and volt-
age/temperature variations, where each cell movement incurs
significant overhead to verify whether a true optimization has
been achieved. Moreover, the million-gate scale of modern
VLSI circuits makes random search strategies that lead to
unsatisfactory performance, as they cannot balance exploration
and exploitation. To address these challenges, we propose
the Timing-Aware Gradient Annealing (TAGA) algorithm,
which incorporates a timing-aware gradient guidance mech-
anism together with fast local cost evaluation, overcoming the
efficiency bottleneck of conventional simulated annealing in
timing-driven placement.

The core idea of the algorithm is to combine the local
optimization capability of gradient descent with the global
search characteristics of simulated annealing. By employing a
timing-criticality-driven adaptive search strategy, the algorithm
enables efficient exploration of the solution space. Specifically,
it first computes the pin importance of each cell as

Q. min(0slack)y — prara
Cripin = maz(0, WS ) < (10)
0, otherwise
c Cri,., pin € endpoint (11
en ==
v S Cen_,. ., pin€ driver
Pillimp = u. (12)

2

Subsequently, the algorithm adopts a hierarchical optimiza-
tion scheme to balance computational efficiency and optimiza-
tion accuracy. In the fast simulated annealing (SA) stage, a
lightweight local cost function is employed as

Cfast(ce”apos) =0.1- Cdisplacement + Cposition (13)

where

Hpos - posoriginalHl
Dmaw

represents the displacement penalty term, D, 4, is the maxi-

mum displacement constraint, and

Cpos= D, D

pin€cell Pin€net(pin)

(14)

Cdisplacement =

dist(pos, pospin) - 0.001  (15)

denotes the position-based cost. In the precise SA stage, a
complete timing-aware cost function Ctjyning is employed. For
Late optimization, according to Equation(2), the objective is to
increase slacksesup that the value of at must be reduced when
rat remains unchanged. Therefore, our timing cost function is
defined as:

Clate _

timing

2 D

pin€ Pins sinkenet(pin,SINK)

Pilimp (sink) - max(at o (sink), atrise(sink)), (16)

where Pins denotes all the pins of the moved cell, and
net(pin, SIN K) denotes the sink — pins of the net to which

pin belongs. For the Early optimization mode, the situation is
the exact opposite of the Late case. According to Equation(2),
it is necessary to increase the value of at. Therefore, we define
the timing cost as the negative of the computed maximum
arrival time at the sink.

Next, we propose a timing-aware gradient-guided neigh-
borhood generation mechanism. Using the fast cost function
C'tqst, Which requires no invocation of timing analysis, we
compute a numerically stable and computationally inexpensive
finite-difference gradient:

_ Crast(pos + €&) — Cyasi(pos)
€

Cfa,st(pos + Ey) - Cfast (pOS)
€

V.C (17)

v,C = (18)

where € = 2 denotes the finite-difference step size used for
numerical approximation of partial derivatives, & and g is the
unit vector in the X and Y direction. After normalization, these
gradients are used to generate candidate positions as

vC
Y L 04T Dy - 1),
vel, )
(19)

where clip denotes projecting any point outside the placement
boundary back to the nearest feasible boundary point, 7" is the
current annealing temperature, and u is a random unit vector
used to preserve the exploratory nature of annealing. If the
displacement constraint is violated, the candidate position is
scaled back into the feasible region:

Dmax
lpos” — posarigl|1

In practice, cells are prioritized by severity of violation,
with the most critical ones entering the fast SA phase first,
where the acceptance criterion is determined by the differential
AC of the lightweight cost function Cfqs:. Subsequently, in
the precise phase, gradient computation remains unchanged,
but the evaluation employs the timing-aware cost function
Ctiming. In this way, the inexpensive and smooth Cp,s
efficiently guides the solution toward promising basins, while
the timing-directed cost enforces strict acceptance control. In
both phases, we adopt a modified Metropolis acceptance rule:

pos’ = clip(pos —0.67 Dpax -

(pos’ — posorig). (20)

pos’  poserig +

AC <0

1
B e 21
(accept) {exp( — AC/(T - Dpas)),  otherwise D

with the temperature updated by exponential cooling:

Thy1 = dr - Ty, (22)

where in our implementation 7y = 0.8, dr = 0.95, and
the termination threshold is set to ¢ = 1075, Incorporating
displacement scale into normalization suppresses large moves
and favors smaller ones, adaptively balancing exploration and
exploitation under displacement constraints and improving
convergence stability. After each cell iteration, local legal-
ization is performed [22], and in the precise phase an extra
local timing update is carried out. The algorithm terminates



when either no improvement is observed over five consecutive
iterations or when the WNS reaches zero.

C. Hotspot Cell Window Refinement

After the timing-aware gradient annealing phase, the algo-
rithm outputs a sequence of cells that have been successfully
placed in relatively good positions, which can be regarded as
a set of locations with both practical movability and potential
timing benefits. However, due to the pointwise acceptance and
random perturbations inherent in SA, the resulting solutions
often lack sufficient coordination. To address this issue, we in-
troduce a refinement stage applied to the sequence of accepted
cells Cell = {c1,ca,...} that is partitioned into subsets of at
most K = 5 cells (an empirically determined hyperparameter)
P ={p1,...,pr} with |p;] < KVi and then optimized jointly
within their minimum bounding box. The objective of the
algorithm within a placement window is to find an optimal
one-to-one assignment between a set of cells and the set of
available grid sites, such that the total cost is minimized.

To achieve this, our method follows several key steps. First,
the geometric positions (x;,y;) of the cells within the current
subset p; are extracted and their minimum bounding box
aligned with the axis is constructed. The bounding box is
then expanded in both x and y directions by one site width
and row height, respectively, thereby forming the placement
window Win. Within Win, a complete grid G is generated
by scanning with a step size of (Widgte, He€lrow):

g:{glaQQa"'agM}' (23)
To maintain consistency, we continue to use the cost func-
tion Cé%f/; . "% in Equation(16). For any cell ¢; and candidate

site g;, we define the incremental cost of a tentative move as

AJ(C, g) = Jnew(c — g) - Jold<c)7 (24)

where Jy4(c) denotes the cost of the cell at its original
position, and Jyew(c — g) represents the cost obtained through
the incremental timing update when c is temporarily moved
to g. Based on this, we construct the cost matrix

Cost; j = AJ(c;,g), ¢ €Cell, gj €G. (25)

When the number of candidate sites does not match the
number of cells to be assigned (typically, the number of sites
is much larger), the cost matrix must be expanded to a square
matrix M x M, and the expansion follows a specific rule:
assign a large penalty BIG to “real rows — dummy columns”
and 0 to “dummy rows — any columns,” ensuring that the
optimality of real rows is not affected. The penalty value BIG
is defined as

BIG=n- (maIreal_cost) +1, (26)

where n is the number of cells to be assigned, and
MaTreal_cost Tefers to the largest cost among all entries in
the cost matrix that map actual cells to actual candidate sites.
And Munkres algorithm is then applied to obtain the optimal
assignment. Each matched cell is moved to its target white

TABLE I: ICCAD 2015 contest benchmark statistics.

Circuit Nodes Flops LCBs Nets Max. Disp
sbl 1209716 144266 7213 1215710 400
sb3 1213253 167923 8396 1224979 400
sb4 795645 176895 8843 802513 400
sb5 1086888 114103 5704 1100825 400
sb7 1931639 270219 13510 1933945 500
sb10 1876103 241267 12063 1898119 500
sb16 981559 142543 7126 999902 400
sb18 768068 103544 5177 771542 400
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Fig. 4: Comparison of runtime (bar) and STWL (line).

space and legalized via a nearest-empty scheme. After all
windows are processed, a global timing analysis updates QoR
to capture optimization gains.

IV. EXPERIMENTAL RESULT

We implemented our flow using the open source frame-
work [23], which supports the traversal, legalization, and
incremental timing analysis. And tested it on ICCAD 2015
contest benchmarks [24] with the official timer [25]. Table I
summarizes the netlist. The experiments were carried out on
an Ubuntu machine with a 3GHz CPU and 128GB RAM.

To validate the effectiveness and efficiency of our algorithm,
we designed a three-part experiment. First, we compare our
algorithm with mainstream detailed placement algorithms on
the same task. Next, we integrate our framework with the state-
of-the-art open source global placer DREAMPlace 4.0 [7] to
assess its optimization capacity under different initial place-
ments and compare it with the global-to-detailed placement
co-optimization version of DREAMPlace 4.0 [12]. Finally, we
conduct robustness tests on various benchmarks to analyze our
algorithm’s generalization ability and optimization stability.

A. Optimization results of detailed placement

Table II presents a comprehensive comparison between our
algorithm and state-of-the-art detailed placer, all of which uti-
lize the initial global placement solution provided by ICCAD
contest. As shown in Table II, our placer achieves strong
performance across most benchmarks. Notably, we eliminated
early timing violations in 7 out of 8 cases.

In addition to timing, we evaluated runtime and Steiner
wirelength (StWL) as shown in Fig.4, omitting HPWL since
prior work only reports StWL. Although identical hardware



TABLE II: Results of the FPUSM [9], TCFFC [15], and ours, with evaluation metrics consistent with previous works.

Benchmark |_FPUSM [ TCFFC | Ours FPUSM [ TCFFC [ Ours FPUSM | TCFFC | Ours [ FPUSM | TCFFC | Ours
Late WNS(ns) Late TNS(ns) Early WNS(ps) Early TNS(ps)

sbl -4.57 -4.42 -4.38 -351.21 -323.94 -329.31 -0.43 0.00 0.00 -0.43 0.00 0.00
sb3 -8.70 -8.27 -8.07 | -1160.07 -881.59 -914.10 -5.54 329 1 000 [ -29.05 -16.50 0.00
sb4 576 -5.60 -5.54 [ -2462.93 | -2309.54 | -2341.93 0.00 313 ] 0.00 0.00 -13.30 0.00
sb5 2429 | 2470 | 2436 | -5842.28 | -6327.55 | -5943.82 | -36.77 | -1224 | 0.00 [ -268.60 -54.01 0.00
sb7 -1521 | 1521 [ -15.21 | -151079 | -145446 | -1331.84 -6.38 <735 [ -6.92 | -1858.48 [ -1820.90 | -1934.50
sb10 -16.07 [ -16.13 | -15.41 | -31518.00 | -29445.10 | -27725.59 | 2.0 -2.40 [ 0.00 -3.47 -12.50 0.00
sb16 -3.84 -3.35 345 -265.57 -209.59 -203.71 0.00 185 [ 0.00 0.00 -1.85 0.00
sb18 -3.81 -3.80 -3.69 -775.87 -701.43 -594.05 0.00 -0.02 ] 0.00 0.00 -0.02 0.00

TABLE III: The comparison is made against the state-of-the-art placer DREAMPIlace 4.0 (GP+DP) [12] for WNS (ps), TNS

(ps), max. disp. (um), HPWL (um), and runtime (s).

Benchmark DREAMPlace 4.0 (GP+DP)T [12] DREAMPlace 4.0 (GP) [7]+OURS (DP)

WNS TNS max.disp. HPWL Runtime* WNS TNS max.disp. HPWL Runtime

sbl 15087 | -6789430 6369 8.57E+07 872 16658 | -2545405 6730 9.15E+07 806.5

sb3 19020 | -5698360 7706 938E+07 1049 17031 | -2998619 6474 9.18E+07 | 753.75

sb4 14098 | -14709880 6106 6.62E+07 598 10330 | -7422230 5345 6.34E+07 | 403.519
sb5 26483 | -10591310 7464 1.05E+08 798 23606 | -4887331 7458 1.01E+08 | 449.3935
sb7 17479 | -5767843 8819 1.18E+08 1312 15465 | -2431461 8365 1.14E+08 | 1767.325

sb10 25554 | -64370109 8986 1.95E+08 2669 19325 | -43349911 8194 2.06E+03 | 1902.34
sb16 12785 | -6402584 7372 9.12E+07 1135 6867 | -1063104 7293 8.77E+07 | 884.2505
sblg 12828 | -4866836 5098 4 84E+07 563 -8083 | -2006766 5068 474E+07 | 372.167
Average Ratio 1.30x 2.63% 1.07x 1.01x 1.33x 1.00x 1.00x 1.00x 1.00x 1.00x
*RT: The runtime of [12] is scaled to reflect the machine difference: the runtime of [7] on our machine x %W

T For DREAMPlace 4.0 [12], we acquire the DEFs from its authors to evaluate.

experiments were not feasible, evaluating physical metrics
remains crucial. Our method achieves markedly faster runtime
than TCFFC [15], despite running on a CPU with 0.6 GHz
lower frequency. Since [15] does not report wirelength, we
compare with another state-of-the-art placer, demonstrating
clear performance gains with only minor wirelength variations.

B. Results of Optimization with Global Placement

Table III compares the proposed framework with the state-
of-the-art timing-driven placer DREAMPIlace 4.0 (including
GP and DP) [12]. Following [12], we input the eight initial
placement solutions into the advanced open-source placer [7],
perform global placement, and then apply our method for
further timing optimization. Compared with the DEF files
from [12], our algorithm achieves substantial improvements
in WNS (19.60% on average) and TNS (55.74% on average),
while causing minimal disruption to the global placement;
the maximum displacement is on average 5.77% smaller than
DREAMPIace 4.0 [12]. Table III also presents runtime and
HPWL comparisons, showing that our method reduces runtime
by 20.24% and lowers HPWL by 0.80% on average, indicating
that timing improvements come virtually without cost.

C. Robustness experimental results

To evaluate the robustness of our framework, we replaced
the original annealing parameters with a random seed and ran
it 10 times across various benchmarks to assess. As shown
in Fig.5, even under randomized parameters, our algorithm
consistently maintains performance within an acceptable error
range. Due to page limitations, we present only the Late TNS
data, where the most significant variations were observed, but
similar stability trends were also verified in other metrics.

Late TNS (ns)
el
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Fig. 5: The Table II data were obtained using the same
parameters reported in the papers, which may not suit all cases,
causing slight differences—hence our robustness analysis. The
orange short line shows the median, and the green triangle
indicates the mean.

V. CONCLUSIONS

This paper presents a timing-driven detailed placement
framework. It enhances timing metrics through collaborative
optimization of LCB reallocation, gradient annealing, and
hotspot cell refinement while addressing high cell density and
restricted search space issues, offering an effective solution to
timing closure challenges in complex VLSI design.
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