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ABSTRACT
With advanced semiconductor technology progressing well into
sub-7nm scale, voltage drop has become an increasingly challeng-
ing issue. As a result, there has been extensive research focused on
predicting and mitigating dynamic IR drops, leading to the devel-
opment of IR drop engineering change order (ECO) flows – often
integrated with modern commercial EDA tools. However, these
tools encounter QoR limitations while mitigating IR drop. To ad-
dress this, we propose a hybrid ECO detailed placement approach
that is integrated with existing commercial EDA flows, to mitigate
excessive peak current demands within power and ground rails. Our
proposed hybrid approach effectively optimizes peak current levels
within a specified “clip”– complementing and enhancing commer-
cial EDA dynamic IR-driven ECO detailed placements. In particular,
we: (i) order instances in a netlist in decreasing order of worst
voltage drop; (ii) extract a clip around each instance; and (iii) solve
an integer linear programming (ILP) problem to optimize instance
placements. Our approach optimizes dynamic voltage drops (DVD)
across ten designs by up to 15.3% compared to original conventional
flows, with similar timing quality and 55.1% less runtime.
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1 INTRODUCTION
As technology nodes scale down, IR drop becomes a critical, block-
ing step in design signoff. Below 7nm, high-end silicon designs,
particularly those with aggressive clock targets, tend to consume
more power and occupy more area. For correct timing analysis
and closure of these designs, dynamic IR drop simulations are per-
formed and a timing derate factor is then applied to all instances
affected by IR drops. Notably, as dynamic IR drop increases, the
timing derate factor increases, potentially leading to slower timing
(fmax) – or greater power and area (from upsizing) – in the design
outcome [16]. Therefore, to optimize power, performance, area and
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Figure 1: Discrepancy between (a) static IR drop and (b) dynamic IR
drop heatmaps for 𝑎𝑒𝑠_𝑐𝑖𝑝ℎ𝑒𝑟_𝑡𝑜𝑝 on 7nm technology, generated
with a commercial tool.

cost (PPAC) in these advanced designs, it is crucial to effectively
mitigate dynamic IR drops.

To tackle the challenge of dynamic IR drop mitigation, designers
often strengthen the power delivery network (PDN) to supply ad-
ditional current with lower resistance to instances with the worst
IR drops. However, this method is not always viable for high-end
designs. The PDN consumes routing resources, and adding more
PDN can fail when there is a shortage of these resources [16]. An-
other strategy is to consider static IR drop during various stages
(power-driven placement, clock tree synthesis (CTS), routing) of
the physical design flow. However, there can be significant dis-
crepancies between static and dynamic IR drop, as illustrated in
Figure 1. Static IR drop models cannot fully capture the complexi-
ties and transient characteristics of dynamic IR drops, risking both
underestimations and overdesign before the layout is final.

An alternative approach to mitigate dynamic IR drop involves
applying detailed placement using an ECO flow in a post-route opt
(PRO) stage. [7] proposes an ECO detailed placement method to
address dynamic IR drop at the PRO stage. Their approach employs
two integer-linear programming (ILP)-based strategies: (i) adjusting
the 𝑦-axis placement to minimize the peak current waveforms for
power and ground rails, and (ii) minimizing 𝑥-displacement within
each row. However, the approach can potentially lead to suboptimal
solutions since the 𝑥 and 𝑦 coordinates are not optimized concur-
rently. Commercial tool flows (an example is [12]) offer dynamic
IR drop-driven ECO detailed placement features. However, current
tools only imperfectly mitigate dynamic IR drop, leaving quality
of results (QoR) on the table. With this as motivation, we propose
a hybrid ECO detailed placement approach that integrates an ILP-
based detailed placer with a commercial EDA tool, and effectively
mitigates peak current demands within power and ground rails.
Our contributions are summarized as follows.

https://doi.org/10.1145/3649476.3658727
https://doi.org/10.1145/3649476.3658727
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1145/3649476.3658727


GLSVLSI ’24, June 12–14, 2024, Clearwater, FL, USA Andrew B. Kahng, Bodhisatta Pramanik, and Mingyu Woo

• We propose an ILP-based detailed placer that can be used at
the post-route opt (PRO) stage. Our approach uses a hybrid
ECO methodology that further optimizes IR drops beyond
the capabilities of traditional ECO detailed placement flows.
• To achieve scalability, we extract “clips” and formulate an
integer linear programming (ILP) problem to minimize cell
displacement and maximum peak currents for each power
and ground rail. In contrast to [7], our method concurrently
optimizes both 𝑥 and 𝑦 coordinates within a clip.
• Our proposed approach is designed to complement and inte-
grate seamlessly with existing ECO detailed placement flows
of commercial EDA tools. This compatibility makes it partic-
ularly valuable in addressing real-world design challenges.
• Experimental results show that our hybrid approach achieves
up to 15.3% reduction in DVD compared to conventional
flows, with similar timing quality and 55.1% less runtime.1

This paper is organized as follows. Section 2 reviews related
works. Section 3 discusses a linearity assumption for the demand
current waveform. Section 4 explains our hybrid ECO detailed place-
ment approach, and Section 5 gives details of our ILP formulation.
Section 6 presents experimental results and Section 7 concludes
our paper.

2 RELATEDWORKS
Placing instances to mitigate IR drop is known to be an NP-hard
problem [3]. Hence, various heuristics have been proposed in the
literature. We discuss two categories of previous works: IR drop
prediction and IR drop optimization.
IR drop prediction. [6] proposes an XGBoost-basedmachine learn-
ing model to predict the static IR drop at each power node in a de-
sign. This avoids rerunning the IR drop tool for incremental changes
in the placement or PDN. [4] proposes an XGBoost-based machine
learning model to predict dynamic IR drop, thus speeding up dy-
namic IR drop analysis in each ECO iteration. [11] improves upon
the work of [4] by proposing a CNN-based machine learning model
to predict dynamic IR drop. Compared to previous approaches, the
authors preprocess design dependent information before it is fed
to the ML model. A recent work [7] improves upon [6], [4] and
[11], and predicts both static and dynamic IR drop. The authors
use feature engineering and introduce a Random Forest (RF)-based
regression model for IR drop prediction.
IR drop optimization. [8] proposes an IR drop-aware global placer,
which considers the worst voltage drop across all cells in the design.
The authors approximate this voltage drop with a log-sum-exp func-
tion and integrate it with other placement objectives (wirelength,
congestion and timing) in the APlace placer [9]. [3] improves upon
[8] by introducing power spreading forces in the analytical placement
framework of NTUPlace3 [2]. The power spreading forces push
cells with voltage drop violations to new locations that improve the
voltage drop. [1] proposes an IR drop mitigation approach that is
applicable at the CTS stage. The authors decompose the peak cur-
rent minimization problem into many smaller subproblems. Solving
each subproblem reduces the local peak current of each via-stack in
the on-chip PDN. By greedily scheduling useful skews from unused

1This work is not intended to be, and should not be considered as, benchmarking. We
do not perform any benchmarking of commercial EDA tools.
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Figure 2: Illustration of IR drop aware detailed placement. Measured
demand current waveform at the VDD pin of instances (a) 1, (b) 2,
and (c) 3. (d) Example of cell movement: instance 2 moves from first
row to second row. (e) Current waveforms at VDD1 and VDD2 before
cell movement. (f) Current waveforms at VDD1 and VDD2 after cell
movement. The cell movement reduces the IR drop.

timing slacks, the authors demonstrate that their approach can
substantially reduce peak IR drop and peak current. [5] proposes a
dynamic programming based detailed placer that maximizes power
staple insertions to reduce IR drop. The authors show that their
approach can achieve significant reductions in IR drop with similar
WNS when compared to a standard flow. [7] proposes a machine
learning (ML)-based IR drop-aware detailed placer that uses pre-
dicted IR drop hotspots to guide cell movements. The authors show
that their approach can reduce IR drop without timing degradation.

3 LINEARITY OF THE DEMAND CURRENT
WAVEFORM

[7] introduces the concept of minimizing the maximum peak cur-
rent values using detailed placement. Following [7], in this work,
we assume that after moving an instance by one row either upward
or downward, the total demand current waveform [13] seen by
power and ground rails remains unchanged. Figure 2 illustrates the
overarching concept of current linearity in this context. The figure
is divided into the following parts for clarity.

• Parts (a), (b) and (c) show examples of current waveforms
measured at VDD pin of instances 1, 2 and 3, respectively.
In these examples, instances 1 and 2 reach their peak cur-
rents, denoted as𝑚, at timestamp 𝑡1. Instance 3 reaches its
peak current, denoted as 𝑛, at a later timestamp 𝑡2. Here, we
assume that𝑚 < 𝑛 < 2 ∗𝑚 and 𝑡1 < 𝑡2.
• Part (d) shows an example of placed instances. In this place-
ment, instances 1 and 2 are connected to the VDD1 power
rail, and instance 3 is connected to the VDD2 power rail.
• Part (e) shows a scenario prior to any cell movement. Here
the VDD1 rail has a combined maximum demand peak cur-
rent of 2∗𝑚 at timestamp 𝑡1. This is due to the accumulation
of currents from instances 1 and 2. Meanwhile, the VDD2 rail
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Figure 3: Conventional ECO DP flow and our hybrid DP flow.

shows a maximum demand peak current of 𝑛 at timestamp
𝑡2, solely attributed to instance 3.
• Part (f) depicts the scenario after cell movement. The VDD1
rail now shows a maximum demand peak current of𝑚 at
timestamp 𝑡1 because only instance 1 remains on this rail.
On the other hand, the VDD2 rail still has a maximum de-
mand peak current of 𝑛 at timestamp 𝑡2. This is due to the
accumulation of currents from instances 2 and 3. Notably,
the maximum peak current on the VDD2 rail remains the
same as before (𝑛), since the peak currents of instances 2 and
3 occur at different timestamps (𝑡1 and 𝑡2, respectively).

Our proposed detailed placement methodology is based on the
above concepts, and focuses on minimizing the peak demand cur-
rent over all power and ground rails. Cell moves during the detailed
placement are limited to enable an assumption of current linearity.

4 PROPOSED METHODS
In this section, we introduce our hybrid ECO detailed placement
flow (Figure 3). We first define three terminologies.
• Clip: A clip is a window of layout extracted from the original
layout of a netlist.
• PDN zone: A PDN zone is a region that is formed by adjacent
power and ground connections on the bottom metal layer.2
• Clip overlap violations: Clip overlap violations refer to geo-
metric overlaps between multiple clips. More details are
presented in a later subsection.

Overall flow of our hybrid ECO detailed placer. The details
of our proposed hybrid detailed placement flow are given in Al-
gorithm 1. Our flow comprises two steps: (i) ILP-based detailed
placement optimization and (ii) commercial ECO detailed place-
ment. Our flow starts by measuring the dynamic IR drop at every
cell instance (Line 1). We next determine the filtered instance set
FN according to the input DVD threshold Th, and effective DVD
[13] of all instances (Line 2). We also define the clips set C and PDN
zones set P to avoid clip overlap violations as shown in Figure 5
(Lines 3–4). If an instance 𝑖 in the routed layout has a DVD hotspot,
i.e., 𝑖 has greater effective DVD than the input DVD threshold 𝑇ℎ),
we generate a clip c at the DVD hotspot, using 𝑖’s location and
2PDN supplies the power from the top metal to the bottom. As a result, the connections
in the bottom metal layer induce IR drop independent PDN zones. More details are
presented in the Clip and PDN zones extraction subsection.

(a) (b) (c)

Figure 4: Illustration of clip and PDN zones from mpeg2_top. (a)
Heatmap of dynamic IR drop with PDN; (b) an extracted clip from
the red square in (a); and (c) PDN zones defined in (a).

𝑐’s dimensions, cw and ch (Line 7). If 𝑐 does not have clip overlap
violations, we update the clip set C (Lines 8–9). After all clips are
generated, we run the ILP-based ECO DP with inputs maxDisp
and RL (Lines 12–15); details are given in Section 5 below. We run
ECO route to restore routing correctness following the relocation
of instances by the ILP-based ECO DP (Line 16). To further im-
prove the dynamic IR drop, we run the commercial ECO DP on the
ILP-generated solution (Line 17).

Algorithm 1: Our Proposed Hybrid Detailed Placer
Input: Instance set N after RouteOpt stage of P&R,

DVD threshold Th, clip width cw, clip height ch,
max displacement maxDisp, max row limit RL

Output: IR drop-mitigated placements
1: Run dynamic IR drop simulation with DVD threshold Th
2: Define filtered instance set FN ← i ∈ N if effective DVD of i ≥ Th
3: Define clips set C← 𝜙

4: Define PDN zones set P from layout
5: // Create clip set C from FI
6: for i ∈ FN do
7: Generate clip c, centered at i with dimensions (cw, ch)
8: if c does not have clip overlap violations using C and P then
9: Insert c to C
10: end if
11: end for
12: for c ∈ C do
13: Create ILP formulation of c with maxDisp, RL and solve
14: Update instance locations from c
15: end for
16: Run ECO Route
17: Continue commercial IR drop-aware detailed placement

Clip and PDN zones extraction. [10] extracts clips for better
scalability of the ILP solver. We adopt a similar idea. We extract a
clip around any instance that violates the target Dynamic Voltage
Drop (DVD) threshold. Figure 4 gives an illustration: (a) shows a
heatmap from dynamic IR drop simulation of thempeg2_top design;
(b) shows an extracted clip from the red square in (a),; and (c) shows
howwe define three PDN zones. In Figures 4(a) and (c), it is observed
that the voltage drops across various PDN zones are independent
of each other. This is due to the vertical PDN stripes (depicted
in orange in Figure 4(a)), that are responsible for establishing the
power and ground connections. Therefore, we only consider the
𝑦-axis overlap when the clips lie within the same PDN zone.
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Figure 5: Illustration of clip overlap violations. (a) Overlap violations
occur at clip D because of a 𝑦-axis overlap with clips B and C. (b) No
overlap violations.

Table 1: ILP constants and variables.

Name Range Var/Const Meaning
𝑝𝑘
𝑖𝑟𝑞

{0,1} Const Instance 𝑖 of 𝑘𝑡ℎ placement is located in (𝑟, 𝑞) grid.
𝜆𝑘
𝑖

{0,1} Variable Instance 𝑖 of 𝑘𝑡ℎ placement is used.
𝑑𝑘
𝑖

Int Const Cell displacement for instance 𝑖 of 𝑘𝑡ℎ placement.
𝑟𝑘
𝑖

Int Const Row displacement for instance 𝑖 of 𝑘𝑡ℎ placement.
𝐼𝑃 Float Variable Max peak demand currents of all power rails.
𝐼𝐺 Float Variable Max peak demand currents of all ground rails.
𝐵𝑃𝑝𝑡 Float Const Noise of 𝑝𝑡ℎ power rail at timestamp 𝑡 .
𝐵𝐺𝑔𝑡 Float Const Noise of 𝑔𝑡ℎ ground rail at timestamp 𝑡 .
𝑊 𝑃
𝑖𝑡

Float Const Instance 𝑖’s power pin’s current at timestamp 𝑡 .
𝑊𝐺
𝑖𝑡

Float Const Instance 𝑖’s ground pin’s current at timestamp 𝑡 .

Table 2: ILP sets definitions.

Name Meaning
𝑁 Set of instances
𝑅 Set of rows
𝑄 Set of columns
𝐾𝑖 Set of placements for an instance 𝑖
𝑇 Set of timestamps from DVD simulation
𝑃 Set of rows attached to power rails
𝐺 Set of ground rails for VSS
𝑉 𝑃
𝑖𝑝

Set of placements for an instance 𝑖 , attached to 𝑝𝑡ℎ power rail
𝑉𝐺
𝑖𝑔

Set of placements for an instance 𝑖 , attached to 𝑔𝑡ℎ ground rail

Clip overlap violations. During clip generation, it is crucial that
there are no overlaps between the clips. Overlaps along the 𝑦-axis
can disrupt the optimization process for peak currents during the de-
tailed placement.3 Figure 5 presents an example. Figure 5(a) shows
a clip overlap violation scenario where clip D overlaps with clips B
and C along the 𝑦-axis. Figure 5(b) demonstrates a scenario without
any clip overlap violations. Despite clip D overlapping along the
𝑦-axis with clips A and B, clips A and B are situated in different
PDN zones. We see that taking PDN zones into account enables
generation and processing of more clips, which can lead to more
effective reduction of IR drop.

5 PROPOSED ILP FORMULATION
Wenow describe our Integer Linear Programming (ILP) formulation,
adapted from [10]. Table 1 presents definitions of all terminologies,
where Var denotes a variable and Const refers to a constant value.
Table 2 defines the various sets used in the ILP formulation. Our
ILP optimizes
3We apply our ILP to clips with no overlap violations and that lie in a given PDN zone.

min𝑂𝐵𝐽 = 𝛼 ·𝑂𝐵𝐽ird + 𝛽 ·𝑂𝐵𝐽disp (𝛼 ≫ 𝛽) (1)
where 𝑂𝐵𝐽ird denotes the objective function related to IR drop mit-
igation, and 𝑂𝐵𝐽disp denotes the objective function related to the
displacement of instances during ECO detailed placement. 𝛼 and 𝛽
denote the weights between IR drop and displacement, respectively,
as shown in Equation 1. Our goal is to effectively mitigate the IR
drop while simultaneously minimizing the perturbation caused dur-
ing the detailed placement process. To accomplish this, we assign
a higher value to 𝛼 compared to 𝛽 (𝛼 ≫ 𝛽).4 We now explain the
two components of our ILP objective function in more details.

5.1 IR Drop Mitigation
The objective of mitigating the IR drop is to minimize the maximum
peak current across every power rail (𝐼𝑃 ) and ground rail (𝐼𝐺 )
(Equation 2).

𝑂𝐵𝐽ird = 𝐼𝑃 + 𝐼𝐺 (2)

𝐼𝑃𝑝𝑡 = 𝐵
𝑃
𝑝𝑡 +

∑︁
𝑖∈𝑁

∑︁
𝑘∈𝑉 𝑃

𝑖𝑝

𝜆𝑘𝑖 ·𝑊
𝑃
𝑖𝑡 ≤ 𝐼

𝑃 ∀𝑝 ∈ 𝑃,∀𝑡 ∈ 𝑇 (3)

𝐼𝐺𝑔𝑡 = 𝐵
𝐺
𝑔𝑡 +

∑︁
𝑖∈𝑁

∑︁
𝑘∈𝑉𝐺

𝑖𝑔

𝜆𝑘𝑖 ·𝑊
𝐺
𝑖𝑡 ≤ 𝐼

𝐺 ∀𝑔 ∈ 𝐺,∀𝑡 ∈ 𝑇 (4)

The expected current value within the 𝑝𝑡ℎ power rail at time-
stamp 𝑡 (𝐼𝑃𝑝𝑡 ) is defined in Equation 3. 𝐵

𝑃
𝑝𝑡 represents the background

noise within the 𝑝𝑡ℎ power rail at timestamp 𝑡 . The term
∑
𝑖𝑊

𝑃
𝑖𝑡

indicates the sum of all current values contributed by the instances
attached to the 𝑝𝑡ℎ power rail at the same timestamp. The expected
current value for a ground rail at a given timestamp is defined
similarly (Equation 4).

5.2 Cell Displacement Minimization
The objective of minimizing the total displacement during ECO
detailed placement in the post-route opt (PRO) stage is captured in
Equation 5.

𝑂𝐵𝐽disp =
∑︁
𝑖∈𝑁

∑︁
𝑘∈𝐾𝑖

𝑑𝑘𝑖 · 𝜆
𝑘
𝑖 (5)

∑︁
𝑖∈𝑁

∑︁
𝑘∈𝐾𝑖

𝑟𝑘𝑖 · 𝜆
𝑘
𝑖 ≤ 𝑅𝐿 (6)

Minimizing total displacement during the PRO stage is beneficial
for the following reasons:
• Reduced ECO routing runtime: Minimizing cell disturbance
avoids excessive cell movements that can potentially lead to
increased ECO routing runtime.
• Stability in optimization results: Excessive cell movement can
also lead to divergent or less predictable results, after opti-
mization by commercial tools. Keeping cell displacement to a
minimum helps ensure more reliable optimization outcomes.

4In our experiments, we set 𝛼 and 𝛽 to 1012 and 1, respectively. This can be changed
if different units are applied.
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For each possible placement of instance 𝑖 , represented by the
variable 𝜆𝑘

𝑖
, there is a unique cell and row displacement value

denoted as 𝑑𝑘
𝑖
and 𝑟𝑘

𝑖
, respectively. These values quantify the extent

of movement for each cell from its original position. To improve
scalability, we use a threshold displacement value𝑚𝑎𝑥𝐷𝑖𝑠𝑝 , and
generate the 𝜆𝑘

𝑖
variables only when the displacement does not

exceed the threshold𝑚𝑎𝑥𝐷𝑖𝑠𝑝 , i.e., 𝑑𝑘
𝑖
≤𝑚𝑎𝑥𝐷𝑖𝑠𝑝 . This constraint

reduces the ILP runtime by reducing the total number of variables
and constraints in our ILP formulation.5 To further reduce the
detailed placement perturbation and preserve the assumption of
demand current linearity, we introduce a row limit, denoted as RL.
This limit is set to control the total number of row swaps allowed for
each clip (Equation 6). Consequently, the total number of instances
that can be row-swapped is bounded by 𝑅𝐿 · #𝐶𝑙𝑖𝑝𝑠 .

5.3 Detailed Placement Baseline
For our ILP-based detailed placement, we adopt the single-cell-
placement (SCP) model, which has demonstrated superior perfor-
mance in comparison to other detailed placement models (S and
RQ models) [10].6 The SCP model comprises multiple variables 𝜆𝑘

𝑖
for each instance 𝑖 , corresponding to the total number of possible
placements (|𝐾𝑖 |). The overall complexity of the model scales as
𝑂 ( |𝑁 | |𝑅 | |𝑄 |).∑︁

𝑖∈𝑁

∑︁
𝑘∈𝐾𝑖

𝑝𝑘𝑖𝑟𝑞 · 𝜆
𝑘
𝑖 ≤ 1 ∀𝑟 ∈ 𝑅,∀𝑞 ∈ 𝑄 (7)∑︁

𝑘∈𝐾𝑖

𝜆𝑘𝑖 = 1 ∀𝑖 ∈ 𝑁 (8)

The detailed placement solution must have at most one site
occupation for every cell and its associated placement (Equation 7).
For each instance 𝑖 , only a single placement must exist as enforced
by Equation 8.

6 EXPERIMENTAL RESULTS
We use IBM ILOG CPlex 12.10 as our ILP solver and run all exper-
iments on a server with an Intel Xeon(R) Gold 6148, 2.40GHz (40
cores) CPU and 256GBmemory.We use five testcases: aes_cipher_top,
des_perf, jpeg_encoder, mpeg2_top, and vga_enh_top from Open-
Cores [15]. Table 4 shows a summary of the five designs used in our
experiments.7 These are based on the 7𝑛𝑚 FinFET technology node.
In Table 4, Init FP Util and Target CP denote the initial floorplan uti-
lization and target clock periods, respectively. In our experiments,
we use: (i) Synopsys Design Compiler R-2020.09 [17] to synthesize
from RTL; (ii) Cadence Innovus v21.11-s130_1 [19] to run the P&R
flow (e.g., floorplan, placement, clock tree synthesis, and routing);
and (iii) Cadence Voltus v21.14-s111_1 [18] to measure the dynamic
IR drop at the PRO stage. We use an unnamed commercial tool for
the IR drop-aware ECO detailed placement. We build the power
mesh on metal layers M7 to M9, characterized by a width of 1.0𝜇𝑚,
5In preliminary experiments, we vary the𝑚𝑎𝑥𝐷𝑖𝑠𝑝 parameter between 0.15𝜇𝑚 and
0.75𝜇𝑚 and measure ILP runtime. These early studies indicate that setting𝑚𝑎𝑥𝐷𝑖𝑠𝑝
≤ 0.25𝜇𝑚 achieves reasonable runtime and QoR.
6The S model is known as the site occupation model, and the RQ model refers to the
row and column occupation model. Refer to Section 3 of [10] for more details.
7We performed studies using a total of ten designs, but for conciseness report on just
five here. We make available the remaining results along with runscripts to enable
reproduction of our work, in our open-sourced repo [14].

a pitch of 15.5𝜇𝑚 and an offset of 0.05𝜇𝑚. We set 7𝑛𝑠 as the dynamic
IR drop timestamp interval. The dimensions of the clip size are set
to 1.4𝜇𝑚 by 1.2𝜇𝑚, with a maximum displacement (maxDisp) of
0.25𝜇𝑚. The parameters 𝛼 and 𝛽 are set to 1012 and 1, respectively,
and Row Limit (RL) in Equation 6 is set to 5.8

6.1 Hybrid ECO DP Results
Table 3 shows a comparison of DVDs on our designs. We compare
between: (i) conventional approaches, denoted as C (one commer-
cial ECO DP iteration) and C+C (two commercial ECO DP itera-
tions), and (ii) our proposed approaches, denoted as O (one ILP
ECO DP) and O+C (a combination of our approach followed by
the commercial method). Our study does not include comparisons
with the previous state-of-the-art [7] due to unavailability of their
closed-source implementation. [5] adds power staples for mitigat-
ing IR drop whereas we perform ECO DP/DR – so we also omit
[5] from our comparisons. In most cases, the hybrid O+C approach
demonstrates superior performance across three metrics: worst
DVD, average DVD of the top 5 worst cases, and average DVD of
the top 10 worst cases. In these comparisons, the minimum counts
for each category are highlighted in bold across the four ECO DP
approaches we consider (C, C+C, O, O+C).

Our O+C hybrid flow achieves the best results in 17 out of 30
instances9 for the worst DVD, in 16 instances for the average of the
top 5 worst DVDs, and in 15 instances for the average of the top
10 worst DVDs. These results are visually represented in Figure 6,
where half of the data points correspond to Table 3. A notable ex-
ample is the jpeg2 case, under a DVD threshold of 100 mV. Here,
our proposed O+C hybrid method achieves a 15.3%10 better im-
provement in DVD reduction compared to the conventional ECO
DP flow (C+C).

6.2 ECO DP Characteristics
Table 5 presents overall characteristics for the ECO detailed placer
and our ILP-based DP. We report the total number of moved in-
stances (MInsts), total displacement (Disp), and runtime (RT ). #Clips
denotes the total number of clips generated during our detailed
placement flow, CInsts denotes the total instances considered dur-
ing the ILP-based detailed placement, andMRInsts denotes the total
row-swapped moved instances during the ILP-based detailed place-
ment. Given that we set RL to 5 as per Equation 6 in Section 5.2, the
count ofMRInsts is strictly bounded by 5 * #Clips. Since our method
avoids unnecessary cell movements, it results in lower values of
MInsts and Disp compared to the commercial detailed placement.
In terms of runtime, our proposed hybrid methods (O+C) achieve
an average of 55.1% less runtime compared to two sequential com-
mercial ECO detailed placements (C+C). Since our ILP detailed
placement does not excessively perturb the placement compared
to the conventional method, the hybrid detailed placement can
generate better results with small runtime overheads compared

8In preliminary experiments, we vary the RL parameter between 1 and 15 and measure
the correlation between the expected peak current before DP and the actual measured
peak current after the ecoRoute and DP stages. These early studies indicate that the
highest correlation is obtained when we set RL to 5.
9Tables that we present here show 15 instances = 5 testcases × 3 thresholds𝑇 . Results
for the other 15 instances are available in [14].
10The improvement is calculated as ( 𝑣𝑎𝑙𝑢𝑒−𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒

𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
) .
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Table 3: DVD QoR comparison between the conventional commercial flow and our flow. Th = input DVD threshold.𝐶 = commercial dynamic
IR-driven detailed placer.𝑂 = our ILP-based DP.𝐶 +𝐶 = running commercial dynamic IR-driven detailed placer two times.𝑂 +𝐶 = running our
detailed placer followed by commercial dynamic IR-driven detailed placer. Nominal voltage = 650 (mV). To obtain a range of IR drop-violating
instances, we sweep Th = 100/80/65 (mV). Best results are marked with bold font.

Design Th Worst DVD Average of Top Worst 5 DVDs Average of Top Worst 10 DVDs
Baseline Conventional Our Proposed Baseline Conventional Our Proposed Baseline Conventional Our Proposed

(mV) PRO C C+C O O+C PRO C C+C O O+C PRO C C+C O O+C

aes2
65

134.23
141.63 138.81 136.12 138.51

133.072
140.758 136.908 134.078 137.886

131.855
138.282 134.879 132.535 136.601

80 138.41 121.05 136.08 134.32 136.98 120.694 134.024 132.576 135.189 120.144 132.462 131.643
100 133.34 140.63 135.88 124.39 132.492 137.648 133.83 123.978 131.482 134.736 132.299 123.231

des2
65

119.7
118.25 118.16 119.85 118.4

117.344
109.632 108.63 117.322 109.758

115.653
105.04 102.732 115.694 105.882

80 117.14 117.14 119.85 117.34 108.716 108.358 117.262 106.452 104.752 103.059 115.613 101.585
100 108.67 108.67 119.85 108.51 103.986 103.986 117.26 105.502 101.345 101.345 115.617 103.15

jpeg2
65

152.27
136.93 140.54 153.68 153.49

151.832
135.054 137.712 152.67 152.324

150.215
133.355 136.429 150.138 147.428

80 150.53 153.65 153.5 150.14 146.82 150.226 152.484 147.446 142.786 147.976 149.959 144.863
100 159.04 159.77 153.38 136.39 155.414 155.52 152.312 135.148 150.705 151.884 149.738 132.537

mpeg2
65

150.63
149.63 153.65 150.43 139.75

149.122
147.79 151.75 148.96 138.236

146.423
144.161 149.555 146.399 136.464

80 149.76 146.57 150.45 144.51 147.916 144.002 148.976 142.404 144.42 142.306 146.41 138.499
100 141.76 141.57 150.49 139.84 139.52 139.65 149.02 136.368 137.367 136.523 146.474 132.517

vga2
65

105.79
102.86 103.04 110.81 110.81

105.32
101.618 101.754 109.76 109.76

104.395
98.007 99.36 107.472 107.472

80 107.05 105.19 106.18 95.38 105.706 104.336 105.84 94.948 104.799 102.419 105.219 93.688
100 105.62 105.62 106.23 100.77 104.074 104.074 105.872 99.514 101.837 101.837 105.247 99.02

Best Count N/A 5 7 1 17 N/A 5 8 1 16 N/A 5 9 1 15
Average 145.437 139.03 138.54 145.83 136.59 143.73 136.19 135.33 144.06 133.95 141.26 133.10 131.98 141.27 131.16

90

140

190

240

Worst DVD (mV, y-axis) Comparison of 10 Designs x Three Voltage Thresholds (Total 30 Runs)

PRO C+C O+CC+C:+ 4.7 %
O+C:- 7.3 %
=> 12.0 % less

C+C:+ 4.9 %
O+C:-10.4 %
=> 15.3 % less

C+C:- 0.5 %
O+C:- 9.8 %
=>  9.3 % less

Conventional Proposed
Worst DVD

(mV)

Figure 6: Visualization of Table 3 with the worst DVD (mV, 𝑦-axis) cases. O+C shows up to 15.3% improvement compared to C+C.

Table 4: Designs [15] used in our experiments (7𝑛𝑚 node).

Design #Insts #Nets Init FP Target
Util (%) CP (ns)

aes2 11.657 11,920 80 0.8
des2 13,812 13,935 70 0.5
jpeg2 50,245 50,269 70 0.35
mpeg2 11,744 11,875 60 0.45
vga2 74,521 74,618 70 0.6

to (C), and even achieves better DVD results compared to (C+C).
For a relatively larger design, vga2 with threshold = 100 (mV), our
approach reduces the ECO DP runtime by 55.9% (1212s to 534s) and
reduces the IR drop from 105.62 mV to 100.77 mV (see Table 3).

Table 6 shows a timing comparison of the four ECO DP ap-
proaches (C, C+C, O, O+C). In this table,𝑊 represents the worst
negative slack (WNS),𝑇 denotes the total negative slack (TNS), and
𝑁 indicates the number of failing endpoints (NFE). The bold font is
used to signify the minimum NFE achieved across the C, C+C, O,
and O+C approaches. Our ILP-based detailed placement considers
minimizing instance displacement in its objective. Consequently O
tends to show less timing perturbation in most cases compared to

PRO. This is particularly evident when comparing the average val-
ues between C+C andO+C, and suggests that greater cell movement
often correlates with increased timing degradation.11 Compared
to C and C+C, our approach also reduces NFE count by up to 83%.
Based on this timing comparison, we conclude that our proposed
methods, O and O+C, perturb the timing less than C and C+C.

7 CONCLUSION
We have presented a novel hybrid ECO detailed placement method
that combines commercial flows with an ILP-based detailed placer
to reduce the maximum dynamic current demands within power
and ground rails. Our hybrid method optimizes maximum current
peaks and follows commercial EDA detailed placement optimiza-
tions, outperforming conventional approaches. Our approach uses
a commercial tool to measure the voltage drop and extract cur-
rent waveforms, then formulates an ILP optimization to refine cell
placements. The hybrid method reduces maximum dynamic volt-
age drops by up to 15.3% with 55.1% less runtime compared to the
11The ranking of the number of moved instances is as follows: C+C > O+C > C > O.
This ordering aligns well with the observed changes in timing, specifically in terms of
the average NFE and TNS as presented in Table 6.
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Table 5: Overall characteristics of detailed placement. Th = input DVD threshold.𝑀𝐼𝑛𝑠𝑡𝑠 = #moved instances.𝑀𝑅𝐼𝑛𝑠𝑡𝑠 = #row-changed instances.
𝐷𝑖𝑠𝑝 = total displacement. 𝑅𝑇 = runtime. #𝐶𝑙𝑖𝑝𝑠 = #clips generated during ILP DP.𝐶𝐼𝑛𝑠𝑡𝑠 = #instances across all clips.

Design Th Conventional Our Proposed
C C+C O O+C

(mV) MInsts Disp (𝜇m) RT (s) MInsts Disp (𝜇m) RT (s) #Clips CInsts MInsts MRInsts Disp (𝜇m) RT (s) MInsts Disp (𝜇m) RT (s)

aes2
65 3297 1935.996 109 3684 2842.872 219 14 1300 228 62 37.728 35.944 3575 2188.38 181
80 2638 1081.716 104 2858 1548.198 217 11 1040 182 50 31.278 29.306 2603 972.708 179
100 1126 263.436 95 1283 382.932 198 6 570 107 28 18.228 8.014 1132 288.384 159

des2
65 1723 536.754 152 1933 745.302 500 29 1390 244 93 36.81 18.771 1760 571.134 175
80 487 110.94 139 543 130.998 287 13 697 124 46 17.592 5.52 520 110.832 167
100 79 14.394 134 79 14.394 296 4 208 35 13 4.8 1.991 95 17.58 172

jpeg2
65 8384 3015.366 421 9522 4063.86 783 107 6360 567 284 96.678 25.103 8563 3046.194 375
80 3575 1261.254 432 4173 1766.322 893 55 3075 312 162 54.588 24.677 3788 1322.106 384
100 1245 378.084 424 1412 490.59 860 29 1439 181 99 32.328 19.299 1270 388.782 386

mpeg2
65 2395 856.392 157 2947 1255.536 324 34 1344 116 61 21.024 19.618 2392 850.53 180
80 1286 445.008 151 1536 601.146 357 22 800 63 33 11.658 9.179 1324 457.092 163
100 531 162.834 164 637 221.322 377 12 364 41 20 7.614 6.781 540 168.018 165

vga2
65 8759 2606.238 539 10308 3365.496 1089 131 6679 466 239 79.578 20.25 8700 2604.69 114
80 1346 382.404 637 1502 437.568 1269 45 2348 198 98 33.222 19.8 1321 356.184 506
100 32 6.942 603 32 6.942 1212 3 152 5 5 1.2 1.678 36 7.536 534

Average 2395.3 885.93 292.93 2764.4 1234.83 599.93 33.5 1726.43 175.47 78.97 29.01 15.52 2453.1 898.7 269.6

Table 6: Timing comparison between the conventional commercial flow and our proposed flow. Th = input DVD threshold. W = Worst negative
slack (WNS). T = Total negative slack (TNS). N = #failing endpoints (NFE).

Design Th Baseline Conventional Our Proposed
PRO C C+C O O+C

(mV) W T N W T N W T N W T N W T N

aes2
65

0.000 0.000 0
-0.061 -0.467 29 -0.101 -1.131 58 0.000 0.000 0 -0.097 -0.438 28

80 -0.053 -0.062 4 -0.091 -0.312 19 0.000 0.000 0 -0.012 -0.033 4
100 0.000 0.000 0 0.000 0.000 0 0.000 0.000 0 0.000 0.000 0

des2
65

0.002 0.000 0
0.000 0.000 1 -0.001 -0.001 1 -0.013 -0.013 1 -0.014 -0.014 1

80 0.002 0.000 0 0.001 0.000 0 0.002 0.000 0 0.001 0.000 0
100 0.002 0.000 0 0.002 0.000 0 0.002 0.000 0 0.002 0.000 0

jpeg2
65

0.000 0.000 0
-0.034 -1.453 209 -0.032 -1.830 223 -0.012 -0.091 36 -0.035 -1.676 250

80 -0.033 -0.384 62 -0.033 -0.754 89 -0.012 -0.061 22 -0.023 -0.478 83
100 -0.007 -0.031 11 -0.008 -0.036 14 0.000 -0.001 4 -0.004 -0.022 17

mpeg2
65

0.000 0.000 0
0.000 0.000 0 0.000 0.000 0 0.000 0.000 0 0.000 0.000 0

80 0.000 0.000 0 0.000 0.000 0 0.000 0.000 0 -0.001 -0.001 1
100 0.000 0.000 0 0.000 0.000 0 0.000 0.000 0 0.000 0.000 0

vga2
65

0.002 0.000 0
-0.004 -0.007 4 -0.016 -0.077 9 -0.013 -0.042 11 -0.013 -0.059 12

80 0.002 0.000 0 0.002 0.000 0 -0.013 -0.037 8 -0.012 -0.020 4
100 0.002 0.000 0 0.002 0.000 0 0.002 0.000 0 0.002 0.000 0

Average 0.002 0.000 0.10 -0.018 -0.471 35.20 -0.028 -0.778 43.00 -0.001 -0.011 5.77 -0.021 -0.510 37.63

original conventional flow, across ten designs. Our future work
aims to develop a new methodology that eliminates the need for
hybrid approaches. Reducing the timing perturbation, although
challenging, remains another potential direction for improvement.
Gaining a stronger understanding of the commercial ECO detailed
placement flow will also be beneficial.
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