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Abstract. This paper addresses the problem of constructing an optimization-oriented technology mapper for
logic synthesis. We present an implementation of a cut-based technology mapper developed within the Utopia
EDA project, a prototype logic synthesis tool distributed under Apache 2.0 license. The proposed mapper is
based on Boolean matching and supports multiple optimization objectives, including area (the total area of
instantiated standard cells), power (the estimated total power consumption of the synthesized design), and
timing (the estimated critical-path delay). It should be noted that targeting one objective implies accounting for
constraints on the other two objectives. We provide a comparison with the technology mapper used in the
OpenLane flow. Experimental results obtained on a benchmark set of thirty-one RTL designs
(Verilog/SystemVerilog) demonstrate that, in the majority of cases, the proposed optimizations outperform the
Yosys-based technology mapping used in OpenLane with respect to area and power. For timing optimization,
the results are different, indicating directions for future work.
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AnHoTanms. B naHHO# cTaThe MBI HOKYCHpyeMCsl Ha MPOOIeMe TEXHOJIOTHUECKOTO OTOOpaXKEHHMS, KaK dTarna
norumdeckoro cuute3a mudppobix CBMC. B ocHOBe mojxona JICKUT COIMOCTABICHHUE YacTeH HCXOIHOU
JIOTHYECKOM CXEMBI U DJIEMEHTOB TEXHOJIOTHYECKOH OMOIMOTEKH IO Tabnuuam ucTuHHOCTH (T.H. Boolean
matching). OcoGeHHOCTBIO Mpe/IaraeMoro MoX0/1a SBISETCS BO3MOKHOCTD BBIOOPA CTPATETHH OIITHMH3AIIHH
(wromiagp — Kak CymMMa IUIOM[a[edl DK3eMIULIPOB TEXHOJOTHYECKHX SYeeK, 3aJep)Kka — Kak [JIHHA
KPUTHYECKOTO IyTH B CXeMe, NOTpebiisieMast 0TOOpayKeHHOM CXeMOW MOIIHOCTh — KaK CyMMa CTaTHYEeCKOTO K
JIMHAMUYECKOTO TOTPEOJIEHHs BHIOPAHHBIX TEXHOJIOIMYECKHUX SUEEK) MPHU YIAOBJIETBOPEHUU OTPAHUYEHUIN Ha
JBa Ipyrux napamerpa. Iloaxon peanusosad B uactpymente Utopia EDA, pacnpocTpaHseMoM 110 JHIEH3UH
Apache 2.0. B paGoTe mokaszaHbl pe3yJibTaThl MPOBEAEHHBIX dKCIEPUMEHTOB HaJ TpUALAThIO ogHol RTL-
MOJIENIBIO, pean30BaHHbIX Ha s3bikax  Verilog/SystemVerilog, ¢ wucnons3osannem CATIP OpenLane.
DKCIepUMEHTBI TIOKa3ajid, YTO peaan3alys JOCTHXKEHHs IeJeBON CTpaTerrd B paMKax HAIero MOAXOa
MO3BOJISIET B OOJBIIMHCTBE CIIYyYaeB B CTPATETUSIX «ILIOIIAIB» M «IHEPTOMOTPEOICHHE» TOCTUYD PE3yIbTaThl
Jy4IIHe 10 [eNeBoi XxapakrepucTtuke, yem nocturaet [10 Yosys, Bxomsmee B CAIIP OpenlLane B kauecTBe
CpEe/ICTBA JIOTMYECKOTO CHHTE3a W TEXHOJOTHYecKoro oTtoOpaxenums. Ciydail cTparerdu «3agepikKar
MMOKa3bIBACT HANPABJICHHE AaJbHEHIITNX padoT.

KiioueBble c10Ba: TEXHOJIOTHYECKOE OTOOpakeHHe; CBepXOobIre HHTerpaibabie cxembl CBUC; cucrembl
aBroMaTH3anuu npoextupoBanuss CATIP; noruyeckuii CHHTE3; JIOTHUecKas CXeMa; ONTHMHU3ALHS.

Jasa mutupoBanus: Yynunko M.M., Kamxun A.C., I'apses [I.P., benun E.C., Mazos I'.A., IlItpenes B.C.
ITonxox K TEXHOJOTMYECKOMY OTOOP@XEHHIO C BHIOOPOM HAmpaBiICHMs ONTHMM3ALMKM B IpOIEcce

normyeckoro cuntesa. Tpynsr UCIT PAH, tom 37, Bem. 6, gacts 4, 2025 r., ctp. 85-96 (Ha aHrmmiickoMm
s3eike). DOI: 10.15514/ISPRAS-2025-37(6)-52.
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Hay4gHOTO (hoHAa, mpoekT Ne 23-21-00313.

1. Introduction

The process of integrated circuit (IC) fabrication begins with the development of detailed
specifications that define the required characteristics and functionality of the target 1C. Based on
these specifications, a design is created using a hardware description language such as Verilog or
VHDL,; in this work, we assume the use of Verilog. The design produced at this stage is referred to
as an HDL model. The HDL model must then be verified against its specifications during the
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functional verification stage. Once verification is completed successfully, the process proceeds to
logic synthesis.

Logic synthesis produces a technology-independent representation that implements the specified
functionality. The first step of this process involves parsing the Verilog description and constructing
an internal graph-based representation. A widely used representation is the And-Inverter Graph
(AIG), which is a compact model of Boolean functions composed of two basic elements: AND gates
and inverters. In an AlG, nodes represent AND gates, while edges may be either direct or inverted,
the latter indicating logical negation. This representation is particularly well suited for efficient logic
optimization and formal verification.

After logic optimization, the next stage is technology mapping, which constitutes the main focus of
this paper. In our study, we assume a target technology based on standard cells described in the
Liberty format. We focus on functional technology mapping, in which the optimized AIG
representing the desired functionality is transformed into a new graph by matching the truth tables
of standard cells to subgraphs of the AlIG, commonly referred to as cuts. Our analysis indicates that
existing technology mappers have insufficient support for selection of optimization objectives. To
address this limitation, we propose a new method for constructing optimization-oriented technology
mappers and describe the development of its implementation.

The remainder of the paper is organized as follows. Section 2 reviews related work. Section 3
presents details of the proposed implementation. Section 4 discusses experimental results and
provides a comparison with the standard technology mapper used in OpenLane. Finally, Section 5
concludes the paper.

2. Related work

Technology mapping in digital circuit design has been shaped by numerous contributions, among
which the work of Alan Mishchenko [1] is particularly significant. The core idea of his approach
lies in the preliminary selection of an optimal cut-defined as a subset of nodes that isolates a portion
of the circuit and captures a sub-function for targeted optimization—without relying on the physical
parameters of cells from the technology library.

The algorithm begins by computing K-feasible cuts for each vertex of an AIG graph, where K-
feasible denotes a partition of the graph containing no more than K leaves. After identifying these
cuts, the vertices are processed in topological order, from the primary inputs (Pls) to the primary
outputs (POs). At this stage, the algorithm evaluates the delay associated with each cut and selects
the cut that minimizes depth, which is essential for timing optimization. Following timing
optimization, the algorithm performs area recovery to reduce the overall gate count and thus
optimize circuit area. This step employs two complementary strategies: area flow and exact local
area. Area flow promotes logic sharing across different functions, while exact local area minimizes
the number of gates within individual cuts. Once area recovery is completed, the algorithm
determines the best cover for the AIG by traversing the graph in reverse topological order, from the
primary outputs back to the primary inputs. This ensures that earlier optimization decisions are
preserved and not adversely affected by subsequent steps. The final result of this process is a mapped
netlist that specifies the optimized circuit in terms of concrete logic gates and their interconnections,
making it suitable for further simulation or fabrication.

This methodology is implemented in the open-source ABC logic optimization tool [2], which
operates in conjunction with the open-source Yosys logic synthesis framework [3]. At present,
Yosys serves as the sole logic synthesis engine employed by the open-source IC design flow
OpenLane [4].

Several other open-source tools are also available. For example, Mockturtle [5] is a C++ library for
logic synthesis and optimization that supports multiple network representations, including AlGs and
Majority-Inverter Graphs (MIGs), and provides a variety of optimization techniques. In Mockturtle,
technology mapping is performed in a manner similar to Mishchenko’s algorithm, but with notable
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extensions. In particular, Mockturtle explores multi-output cuts [6] and combines Boolean and
structural matching techniques [7].

Despite their effectiveness, existing algorithms exhibit several limitations that motivate the present
work. For instance, it is generally not possible to explicitly optimize for delay, area, or power with
guaranteed outcomes. Instead, users are restricted to selecting predefined optimization heuristics
(such as area flow), whose impact on the target metrics cannot be guaranteed. The goal of our
ongoing research is to address this limitation by developing a technology mapping framework that
provides optimization with guarantees across multiple objectives.

3. Description of the approach

The proposed technology mapping approach is presented below. It consists of a forward pass, in
which the solution space is constructed (see Fig. 1), and a backward pass, in which the best solution
is selected with respect to the target objective (see Fig. 2).

e  solution = {} — an empty mapping from cells to pairs (cost, match).
e  for each cell of the circuit (in topological order from inputs to outputs):
o ifcellisaprimary input:
= solution[cell].cost = 0;
= solution[cell].match = (IN, empty);
O  otherwise:
= solution[cell].cost = oo;
= solution[cell].match = null;

= for each subnet (from the given class) whose output is cell and for which all inputs already
have matches, i.e., solution[input].match # null:

= for each technology cell celltype corresponding to this subnet:
= cost = estimate(celltype, subnet, solution);
= jf cost < solution[cell].cost:
= solution[cell].cost = cost;
= solution[cell].match = (celltype, subnet).

Fig. 1. Forward pass (solution space construction).

e queue = {} — an empty queue of circuit cells.
e  for each primary output of the circuit:
O  queue.eng(output);
e while queue # {}:
o  cell = queue.deq();
o if solution[cell].match = null:
= error — technology mapping was not found,;
" invoke recovery mechanisms (see separate document);
O  otherwise:
L) mark the cell cell;
= for each input input of the subnet in solution[cell].match.subnet:
= jfinput has not been visited:
" queue.enqg(input);
e  for each marked cell (in topological order):

O  create a technology cell of type solution[cell].match.celltype, connecting it to the cells created for the
inputs of solution[cell].match.subnet.

Fig. 2. Backward Pass (netlist reconstruction from the solution space).
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The technology mapping implementation was developed as part of the Utopia EDA project [8],
which is distributed under the Apache 2.0 license. The design flow accepts Verilog/SystemVerilog
files as input. Verilog designs are processed using Yosys as a front end, which generates an RTL
Intermediate Language (RTL IL) representation. This RTL IL is subsequently converted into Utopia
EDA’s internal representation (IR) as an object of the Design class.
The Design object is then decomposed into instances of the Subnet class. Each Subnet contains only
combinational logic, while flip-flops and latches are stored separately. The resulting set of subnets
undergoes logic optimization and technology mapping to the target process design kit (PDK).
Sequential elements are mapped to PDK independently from subnets. After mapping, the
combinational subnets and sequential elements are recombined to produce the final netlist.
The technology mapping procedure is driven by an optimization objective, which can take one of
three possible values: area, delay, or power. Each objective is associated with a corresponding cost
function that is used to evaluate candidate matches during technology mapping.
The area cost function is defined as:

AreaFlow([input, | + --- + AreaFlow[input ] + area(c)

AreaFlow[c] = fanout(c) ’

where AreaFlow[c] denotes the area flow propagated through each fanout of cell ¢, input;is the i-th
input of cell c, area(c) is the area of cell ¢, and fanout(c) is the number of fanouts of cell c.
The power cost function follows the same flow-based principle:

PowerFlow[input, | + --- 4+ PowerFlow[input_ | + power(c)

PowerFlow[c] =

)

fanout(c)

where PowerFlow[c] represents the power flow propagated through each fanout of cell ¢, and
power(c)is the power consumption of cell c.
The delay cost function is defined in a straightforward manner:

ArrivalTime[c] = max{Arrival Time[input, ], ... ArrivalTime[input_ ]} + delay(c),

where ArrivalTime[c] denotes the signal arrival time at the output of cell ¢, and delay(c) is the
intrinsic delay of the cell.

4. Experiments results

The objective of our experiments is to evaluate the differences between the results produced by our
optimization-oriented technology mappers and those obtained using the baseline technology mapper
in OpenLane, which is based on Yosys coupled with ABC and employs various optimization passes.
We conducted a series of experiments using 31 open-source RTL designs as input circuits for
technology mapping. For each design, we estimated the worst-case arrival time (hereafter referred
to as delay), area, and power based exclusively on the results of logic synthesis, without performing
physical synthesis or place-and-route steps.

To generate the baseline netlists for each design, we used Utopia EDA as follows:

read verilog --top <top-module-name> <filel> .. <fileN>
logopt dcrx fr cp aig resyn2
write verilog netlist.v

write verilog verilog lib.v

The script above reads the design files, applies basic logic optimizations—such as dead-component
removal, functional reduction, constant propagation, AIG transformation, and a sequence of other
predefined optimizations—and produces two output files:
1. netlist.v —a Verilog file containing the elaborated top-level module;
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2. verilog_lib.v —a Verilog file containing definitions of internal types.

Since Utopia EDA uses Yosys as its Verilog front end, the read_verilog command internally invokes
the following Yosys passes: proc, opt, memory, flatten, and opt -fast.

To generate the technology-mapped netlist using Utopia EDA, the following script was applied:

read verilog --top <top-module-name> netlist.v verilog lib.v;
read_liberty <lib-file>

techmap --min-pass-num 8 --max-cut-num 6 --max-fanout 8 \
--objective <arealdelay|power> --delay-constraint <clock-period>;

[insbuf; resize;]

stat design
write verilog utopia.v;

To perform technology mapping with Yosys (ABC) the following additional passes were applied:

techmap

dfflibmap -liberty <lib-file>

abc -D <clock-period> -constr <sdc-file> -liberty <lib-file> -script <ABC-script>
stat -t <top-module-name> -liberty <lib-file>

write verilog yosys.v

For each optimization objective, a separate ABC script was used. The following definitions are
common to all three technology-mapping scripts:

set abc elab "read constr,<sdc-file>;strash;scleanup;"

set abc_fine tune "buffer,-N,8;upsize, {D};dnsize, {D}"

set abc map old dly "map,-p,-B,0.2,-A,0.9,-M,0"

set abc map new_area "amap,-m,-Q,0.1,-F,20,-A,20,-C,5000"

set abc resyn2 "balance; drw,-1; drf,-1; balance; drw,-1; drw,-1,-z; balance;
drf,-1,-z; drw,-1,-z; balance"

set abc choice2 "fraig store; balance; fraig store; S${abc resyn2}; fraig store;
S${abc_resyn2}; fraig store; ${abc_resyn2}; fraig store; fraig restore"

The final ABC command sequences used for area, delay, and power optimization are listed below:

1) set area _map "+${abc_elab};${abc_map_new_area};&get,—
n;&st;&dch;&nf; &put;${abc_fine tune}";

2) set delay map "+${abc_elab};${abc map old dly};é&get, -
n;&st;&dch;&nf; &put;${abc_fine tune}";

3) set power map
"+${abc_elab};${abc map new area};${abc choice2};${abc map new area};&ge
t,-n;&st;&dch; &nf; &put; S{abc_fine tune}";

To evaluate the characteristics of the mapped designs, we substituted the synthesized netlists in the
OpenLane flow with our mapping results and then executed the subsequent steps that generate
timing and power reports. The area of the mapped designs was extracted directly from the synthesis
tools, as all flows produce consistent area values at this stage.

Detailed results are presented in Table 1. Each design was synthesized three times using (i)
OpenLane with Yosys, (ii) Utopia EDA, and (iii) Utopia EDA with buffering. For each flow,
separate runs were performed with area-, delay-, and power-oriented optimization settings of the
corresponding logic synthesis tool (denoted in the table as the optimization objective: area, delay,
or power). The best absolute value of each characteristic is highlighted in bold. If the value obtained
with OpenLane + Utopia EDA + buffering is better than that obtained with OpenLane + Yosys, it is
additionally underlined.
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Table 1. Comparison of synthesis results between Yosys and Utopia EDA using OpenLane

Design Yosys (i) Utopia EDA (ii) Utopia+buffering (iii)| Ratio (1)/(2)

ng;ns:)er/ clk Obj. area, |delay,|power,| area, |delay,|[power,| area, [(delay,power, po-
gn per. arealdelay

name um?2 ns mw um2 ns | mwW umz2 ns [ mw wer

| 19 [area |2721369] 68,61 | 348,00 [1 635 302248,99]206,00[p 478 894] 5,27 | 96,60 [1,10[13,0 3,60

%g]Ope”Sp'ke 19 |delay |2 964 339| 68,78 | 543,00 [1 955 998/248,99|188,002 479 923 5,05 | 94,50 |1,20[13,62] 5,75

19 | power |2 717 820| 68,46 | 371,00 [1 802 526/248,99|174,002 762 806| 5,13 | 94,40 [0,98/13,35| 3,93

11 |area | 43699 | 7,62 | 10,80 | 26562 |19,00| 8,50 | 37201 | 6,67 | 594 [1.17|1,14| 1,82

2) TT06 [10] | 11 |delay | 49688 | 6,97 | 1500 | 37285 |12,03| 843 | 39762 | 7,18 6,97 [1,25]0,97| 2,15

11 |power| 42716 | 7,77 | 1020 | 30133 | 7,61 | 7,46 | 41784 | 7,05 | 7.31 [1,02|1,10] 1.4

area | 169865 | 4,17 | 21,00 | 91756 | 5,62 | 14,10 [ 102717 | 2,31 | 14,30 1,65/ 1,81 1,47

af]cgnm delay | 179357 | 4,17 | 21,00 | 102576 | 594 | 14,20 | 106 465 | 2.22 | 14,30 |1,681,88| 1,47

power| 169704 | 4,17 | 20,90 | 95555 | 8,67 | 14,10 | 103547 | 2,45 | 14,20 |1,641,70( 1,47

13 |area | 165205 | 4,65 | 48,00 | 80141 | 5,99 | 30,30 | 151 424 | 4,37 | 38,30 [1,09|1,06 | 1,25

‘[‘i;]escore 13 |delay | 208111 | 3,88 | 70,70 | 126037 | 8,19 | 52,00 | 151 366 | 4,33 | 38,30 |1,37[0,90] 1,85

13 |power| 164251 | 449 | 4870 | 91415 | 7,31 | 3550 | 166 277 | 5,01 | 40,70 [0,99]0,90] 1,20

5) ddr3 18 |area | 241549 | 599 | 18,90 | 132 428 |29,08 | 10,40 | 176 055 | 7,05 | 10,30 [1,37|0,85| 1,83

controller | 18 |delay | 247785 | 5,81 | 20,20 | 191 566 |70,38| 14,30 [ 192 259 | 6,55 | 11,00 [1,29]0,89] 1,84

[13] 18 |power| 242623 | 5,88 | 19,50 | 137 705 |50,64 | 10,10 | 162 921 | 7,16 | 10,20 | 1,49/ 0,82 1,91

15 |area | 44587 | 546 | 472 | 18004 |10,02| 2,83 | 24696 | 511 | 1,54 [1.81/1,07 3,06

g%%ii?rea 15 |delay | 55519 | 4,65 | 599 | 30030 | 9,34 | 4,46 | 28509 | 5,38 | 1,82 [1,95/0,86| 3,29

15 |power| 43805 | 550 | 4,54 | 20201 [10,99| 3,27 | 28848 | 537 | 1,62 [1,52|1,02| 2,8

12 |area | 896435 | 3,89 | 175,00 | 443 706 | 43,71 |106,00] 489 601 | 3,53 | 92,60 [1,83]1,10] 1,89

Zﬁi%eﬁ 12 |delay [1107511| 3,56 | 225,00 | 650 364 | 48,50 [167,00( 502 153 | 3,62 | 94,80 [2,21|0,98| 2,37

12 |power| 888256 | 3,95 | 173,00 | 478 959 | 44,35 [120,00| 542 962 | 3,58 | 91,20 [1,64|1,10] 1,90

19 |area | 854025 | 10,72 | 36,40 | 446 752 [145,94| 32,60 | 469 080 | 4,96 | 24,50 [1.82] 2,16 1,49

?ig]theme‘ 19 |delay | 878290 | 9,68 | 36,70 | 558 391 [145,64| 33,80 | 611 734 | 5,00 | 24,70 [1,44| 1,90 1,49

19 |power| 869 264 | 10,58 | 37,30 | 461 046 |147,21] 25,40 | 504 601 | 5,01 | 24,80 [1,72] 2,11 1,50

7 |area | 13022 | 385 | 146 | 7340 |322| 093 | 9707 |2:85| 145 [1,34]1,35] 1,01

9) i2c [17] delay | 14236 | 2,95 | 1,47 | 9687 | 275 | 1,08 | 10807 | 248/ 1,89 [1,32|1,19] 0,78

7 |power| 12711 | 488 | 144 | 7801 |548|0932| 10796 | 3,02 157 [1,18]1,62] 0,92

17 |area | 104500 | 8,28 | 12,40 | 57320 |1504| 2,61 | 81885 | 7,31 | 2,66 [1,.28|1,13 4,66

%fg]memcm 17 |delay | 115282 | 5552 | 13,90 | 74727 |11,87| 2,72 | 84152 | 6,84 | 2,72 [1,370,81] 5,11

17 |power| 103955 | 840 | 9,12 | 67102 |15.44| 2,70 | 91060 | 7,82 | 2,66 [1,14|1,07] 3,43

| 19 |area | 54794 | 7,56 | 487 | 29944 | 93 | 3,65 | 33087 | 7,85 | 2,50 |1,66]0,96] 1,95

%113]05“""0 19 |delay | 57596 | 7,56 | 4,41 | 38456 | 7,22 | 3,50 | 34733 | 7,27 | 2.58 [1,66|1,04| 1,71

19 |power| 52897 | 7,56 | 446 | 32972 | 827 | 381 | 37380 | 7,68 | 246 [1.42|0,98] 1,81

7 |area | 16426 | 349 | 441 | 8230 | 84 | 2,84 | 11027 | 372 2,11 [1,49]0,94] 2,00

;?a?rs]c[czo] 7 |detay | 17277 | 287 | 472 | 11517 |16,66| 546 | 12214 [ 4,00 1,84 [1,41]0,72| 2,57

7 |power| 16123 | 4,13 | 463 | 9215 | 887 | 332 | 12043 [ 4,11 148 [1,34]1,00] 3,13

4 |area | 21663 |11,00| 9,70 | 13858 |2570| 2,25 | 18912 [23,97| 4,05 |1,15{0,46] 2,40

E’i]oscc"ga 4 |delay | 24722 | 7,80 | 13,10 | 18939 [20,52| 2,71 | 20611 |22,95| 4,37 | 1,2 |0,34] 3,00

4 |power| 20042 |11,36| 6,87 | 15496 |28,96| 2,62 | 21502 |26,39 4.14 [0,93]0,43] 1,66

14)pei [22] | 15 |area | 266416 | 26,67 | 9,06 |139991(2878| 5,39 | 150989 | 4,40 | 5,50 [1,766,06 | 1,65
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Design Yosys (i) Utopia EDA (ii) Utopia+buffering (iii)| Ratio (1)/(2)
ngen;?;;/ rf:: Obj. | area, |delay,|power,| area, |delay,|power,| area, delay,power,area delay] po-
name uma2 ns mw um2 ns | mW um2 ns | mw wer
15 |delay | 280504 | 26,67 | 9,15 |191969 |24,49| 540 | 187823 4,24 | 5,51 [1,49]6,29] 1,66

15 |power| 268156 | 26,67 | 9,07 |144 889 |29,99| 539 | 165421 | 4,86 | 5.49 [1,62]549] 1,65

23 |area | 662995 | 21,61 | 15,70 | 540766 40,24 | 10,80 | 614 891 [15,57| 9,34 [1,08]1,30] 1,68

%g%]ra"em 23 |delay | 684271 | 21,52 | 17,50 | 566 424 |39,93| 12,20 | 631 197 [15,64| 9,46 [1,08|1,38] 1,85
23 | power| 655982 | 21,62 | 15,00 | 570710 [58,01| 9,58 | 676 731 |15,88] 9.48 [0,97]1,36] 1,58

16) 15 6 |area | 13883 | 3,00 | 6,90 | 6658 | 319|276 | 7269 |3,09]| 277 [1,91{0,97| 2,49
enconder 6 |delay | 16004 | 2,83 | 7,81 | 8553 | 251|301 | 7880 |293] 2,77 [2,03]0,97| 2,82
I 6 |power| 13771 | 317 | 7,31 | 7363 | 4,79 | 2,99 | 8658 |371] 2,63 [1,50/0,85] 2,78
4 |area | 8697 | 223 | 470 | 5037 [ 344|217 | 5449 | 256 | 201 | 1,6 [0,86] 2,34

17)sasc[25]| 4 |delay | 9139 | 205 | 484 | 5828 | 256 | 237 | 5608 |244] 2,11 [1,63(084] 2,29
4 |power| 8693 | 2,26 | 462 | 5874 | 268|271 | 6075 |283] .93 [1,43] 08 | 2,30

37 |area | 604192 | 11,43 | 6,94 |418803 [314,93| 38,20 | 656 103 |15,83| 31,70 [0,92/0,72 0,22

%ngha3 37 |delay | 643736 | 9,95 | 6,96 |578343 [160,39| 57,80 | 690 108 |15,34| 33,70 [0,93]0,65| 0,21
37 |power| 556 241 | 10,18 | 6,09 | 500 170 |474,79| 46,50 | 690 722 |16,21| 35,60 [0,81]0,63] 0,17

_ area | 10860 | 353 | 1,67 | 6371 | 328 | 094 | 7147 |249]| 101 [152|1,42 1,65
isi)EZI?]ple delay | 11139 | 2,22 | 1,69 | 7906 | 298 | 1,11 | 7757 |233| 1,01 [1,44/0,95| 1,67
power| 10785 | 360 | 1,64 | 7098 | 363|098 | 8147 |271] 1,04 [1,32[1,33] 1,58

13 |area | 35579 | 584 | 12,20 | 24327 |21,82| 3,10 | 31944 | 698 ] 4,20 [1,11|0,84] 2,9

20) spi [28] | 13 |delay | 40082 | 4,65 | 13,40 | 28217 12,77 3,15 | 32217 | 655 | 4,14 [1,24|0,71] 3,24
13 |power| 35781 | 575 | 11,60 | 29035 | 9,63 | 2,88 | 35043 | 7,56 | 4.42 [1,02|0,76] 2,62

area | 6890 | 1,85 | 2,92 | 4020 | 1,76 | 1,49 | 4202 | 16 | 1,42 [1,61|1,16] 2,06

%213]55 pem delay | 7207 | 1,70 | 384 | 4448 [ 195|154 | 4380 |174| 145 [1,66/0,98| 2,65
power| 6788 | 188 | 272 | 3877 | 2,56 | 145 | 4542 | 159 1,30 [1,491,18] 1,96

|12 ]area | 8000 | 520 | 1,06 | 4970 | 454|071 | 6281 |4,18] 022 [1,27]124] 5,18
ifg;;’s[%ic 12 |delay | 9434 | 315 | 148 | 6594 |352| 092 | 7007 | 45 | 0,24 [1,35/ 07 | 6,27
12 [power| 7147 | 438 | 107 | 5852 | 588|088 | 7032 |444] 024 [1,02|0,99] 4,48

_ area | 10028 | 504 | 1,24 | 6993 | 557 | 1,02 | 7799 |559]| 1,01 [1,29/ 09 | 1,23
fg’}]“”ygp“ delay | 10619 | 4,11 | 1,28 | 8519 | 6,89 | 1,13 | 8615 |6,06| 1,01 [1,23/0,68| 1,27
power| 9941 | 491 | 1,09 | 7311 |574| 105 | 8836 |563] 1,01 [1,13/0,87] 1,18

21 |area | 75689 | 1064 | 7,25 | 40466 |15,66| 2,04 | 57982 | 10,4 | 1,28 [1,31/1,02] 5,66

24)tv80 [32]| 21 |delay | 87644 | 7,22 | 822 | 62783 | 129 | 2,36 | 65120 | 9,6 | 1,27 [1,35|0,75| 6,47
21 |power| 74135 | 917 | 6,32 | 45869 | 18,8 | 2,05 | 64443 [1044| 129 [1,15|0,88] 4.9

26 |area | 70015 | 6,49 | 1,90 | 39533 [13,86| 1,15 | 57881 |10,27| 0,84 [1,21/0,63] 2,27

g’%]“Sbfd“ 26 |delay | 74871 | 587 | 1,80 | 57265 | 9,97 | 1,29 | 67092 |10,52| 0,84 [1,120,56 2,25
26 |power| 69114 | 694 | 1,82 | 43566 [12,75| 1,00 | 65002 |11,99] 0,84 [1,06|058] 2,17

7 |area | 168006 | 5,69 | 10,50 | 124 320 [12,03| 4,56 | 130 648 | 1,03 | 4,32 [1,20|2,95| 2,43

fgi]“Sbf“”Ct 7 |delay | 176200 | 5,54 | 14,80 | 134 491 [12,03| 4,67 | 131600 1,95 | 4,18 [1,34|2,84 3,54
7 |power| 165832 | 561 | 9,99 | 132196 |12,03| 4,67 | 144397 1,94 | 3,77 [1,15]2,89] 2,65

4 |area | 7492 | 2,05 | 289 | 4289 | 228 | 1,26 | 4592 | 1.8 | 1,25 [1,63|1,14| 2,31

gg]“prhy 4 |delay | 7646 | 191 | 326 | 4429 | 159 | 1,28 | 4882 |177| 1,27 [1,57|1,08] 2,57
4 |power| 7462 | 201 | 282 | 4478 | 234 1,33 | 5127 |[1.96] .20 [1,46|1,03] 2,35
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Design Yosys (i) Utopia EDA (ii) Utopia+buffering (iii)| Ratio (1)/(2)
ngmper/ clk Obj. | area, |delay,|power,| area, |delay,|power,| area, [delay,power, po-
esign per. area|delay|

name um2 ns mw uma2 ns | mW umz2 ns | mw wer

_ area | 7134 | 2,79 | 2,09 | 4220 | 2,07 | 1,36 | 4354 |214| 137 [164|1,30| 1,53
ﬁg?\[/;gilog 6 |delay | 9229 | 220 | 1,86 | 5137 | 1,95 | 1,60 | 4619 |214| 1,43 [2,00{1,03| 1,30
power| 7022 | 258 | 201 | 4504 | 216 | 1,50 | 4881 |267| 1.46 |1,44/097| 1,38

32 |area |1325678| 530 | 34,60 | 677 945 [215,63] 34,90 | 710511 | 4,41 | 24,40 [1,87[1,20{ 1,42

é?;]"ga led 35 [delay |1429710| 5,30 | 35,80 | 887 415 [215,56| 35,50 | 926 257 | 4.22 | 24,70 |1,54] 1,26 | 1,45
32 |power|1352916| 535 | 35,10 | 691 826 [217,27| 26,20 | 757 627 | 4,46 | 24,40 [1,79|1,20| 1,44

12 |area | 343904 | 4,90 | 42,70 | 146993 | 8,26 | 8,88 |226382 | 4,25 | 522 [1,52|1,15 8,18

nggx [36] | 12 |delay | 365484 | 497 | 50,00 | 195299 10,01 | 27,30 [ 250 342 | 432 | 587 [141|115] 852
12 |power| 338171 | 4,97 | 50,00 | 1713311594 | 9,86 |259 485 | 4,65 | 5,28 [1,30/1,07 9,47

8 |area | 55920 | 389 | 6,18 | 37744 | 7,34 | 367 | 40693 | 584 | 357 [1,37[0,67| 1,73

E’glg]Wbdma delay | 59556 | 311 | 9,69 | 38265 | 7,57 | 3,74 | 40048 | 543 | 355 (149|057 | 2,73
8 |power| 55941 | 409 | 892 | 31560 |19,13| 351 | 44748 | 6,18 | 3,53 [1,250,66] 2,53

The main conclusions drawn from the table are as follows:

1. Utopia EDA with buffering outperforms Yosys in the majority of cases when area (30 out
of 31 designs) or power (29 out of 31 designs) is the optimization objective. However, it
underperforms Yosys for delay optimization, achieving only 14 wins out of 31 cases.

2. Utopia EDA without buffering generally outperforms Yosys in terms of absolute values,
while the introduction of buffering increases area. At the same time, buffering enables
significant improvements in other characteristics, while still maintaining area results better
than those obtained with Yosys. Moreover, if these characteristics were evaluated after
physical synthesis, the apparent advantage of Utopia EDA without buffering would likely
turn into a disadvantage: physical design becomes impractical for circuits with more than
approximately 10+ outputs of cells, and buffering resolves this issue already at the logic
synthesis stage.

3. There exist several designs for which Yosys produces significantly better results (e.g.,
sha3). Such cases require deeper investigation and are a subject of future analysis.

5. Conclusion

We have developed an implementation of functional technology mapping within the Utopia EDA
framework. In experiments conducted on a diverse set of RTL models from multiple application
domains, we generated technology-mapped netlists using our approach, including variants with
additional buffering. For comparison, netlists were also generated using Yosys, and their
characteristics were evaluated using OpenLane. The experimental results show that, in the majority
of cases, the proposed functional technology mapping implementation outperforms Y osys when area
or power is the optimization objective. Future work will focus on improving performance when
delay is the primary optimization target.
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