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ABSTRACT Stage 1 Stage 2

In this paper, we propose an effective algorithm flow to handle Iarge- - Macro Placer - Standard-cell
scale mixed-size placement. The basic idea is to use floorplanning to~Placement ! Legalizer Placer
guide the placement of objects at the global level. The flow consists
of four steps: 1) The objects in the original netlist are clustered into
blocks; 2) Floorplanning is performed on the blocks; 3) The blocks
are shifted within the chip region to further optimize the wirelength;

4) With big macro locations fixed, incremental placement is applied
to place the remaining objects. There are several advantages of han-
dling placement at the global level with a floorplanning technique, !N the nanometer scale era, placement has become an extremely
First, the problem size can be significantly reduced. Second, exB@!lenging stage in modern VLSI designs. Millions of objects need
HPWL can be minimized. Third, precise object distribution can b9 P€ placed legally within a chip region, while both the interconnec-
achieved so that legalization only needs to handle minor overlaiah @nd object distribution have to be optimized simultaneously. As
among small objects in a block. Fourth, rotation and various placgl €arly step of VLSI physical design flow, the quality of the place-
ment constraints on macros can be handled. To demonstrate the &Nt solution has significant impacts on both routing and manufac-
fectiveness of this new flow, we implement a high-quality floorplari!"ng- In modern System-on-Chip (SoC) designs, the usage of Intel-
guided placer calledLOP. We also construct the Modern Mixed- [€ctual Property (IP) and embedded memory blocks becomes more
Size (MMS) placement benchmarks which can effectively represedfid more popular. As a result, a design usually contains tens or even
the complexities of modern mixed-size designs and the challendi¥dreds of big macros. A design with big movable macros and
faced by modern mixed-size placers. Compared with state-of-the-gmerous standard cells is known as mixed-size design, where the
mixed-size placers and leading macro placers, experimental resifacement of big macros plays a key role. Due to the big size differ-

show thatFLOP achieves the best wirelength, and easily obtains 1€NC€ between big macros and standard cells, the placement of mixed-
gal solutions on all circuits. size designs is much more difficult than the standard-cell placement.

Existing placement algorithms usually cannot generate a legal solu-

. . . tion by themselves. They have to rely on a post-placement legaliza-
Categories and Subject Descriptors tion process. However, legalizing big macros with wirelength mini-

B.7.2 Hardware, Integrated Circuits, Design Aids]: Placement mization has been considered very hard to solve for a long time.

and routing )
1.1 Previous Work
Most mixed-size placement algorithms place both the macros and

Figure 1: Previous two-stage approach.

General Terms

Algorithms, Design, Performance the standard cells simultaneously. Examples are the annealing-based
placer Dragon [1], the partitioning-based placer Capo [2], and the an-
Keywords alytical placers FastPlace3 [3], APlace?2 [4], Kraftwerk [5], mPLE [6
Floorplanning, Incremental Placement, Mixed-size Design and NTUplace3 [7]. The analytical placers are the state-of-the-art
placement algorithms. They can produce the best result in the best
1. INTRODUCTION runtime. But, the analytical approach has two problems. First, only

an approximation (e.g., by log-sum-exp or quadratic function) of the
*This work was partially supported by IBM Faculty Award and M&nder H_alf-Perlmete_r er_elength (HPW_L) is minimized. Second, the d_IS-
grant CCF-0540998. tribution of objects is also approximated and that usually results in a
large amount of overlaps. They have to rely on a legalization step to
resolve the overlaps. For mixed-size designs, such legalization pro-
cess is very difficult and is likely to significantly increase the HPWL.
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distributed in Step 2; 3) Placement constraints and macro orientation
optimization can be handled in Step 2. Compared with the previous
' two-stage approach, instead of starting from an illegal initial place-
ment, we use the floorplanner to directly generate a global overlap-
free layout among the big macrass well as between big macros and
small objectsIn addition, the problem size has been significantly re-
Wirelength-driven duced by clustering. A good floorplanner should be able to produce
Shifting a high-quality global layout for the subsequent incremental placer.
Furthermore, the initial positions of the small objects are not dis-
carded. We keep such information as a starting point of incremental
placement. Since the big macros have already been fixed, the placer
avoids the difficulty of legalizing the big macros.
‘ Based on the new algorithm flow, we implement a robust, effi-
Figure 2: New algorithm flow for mixed-size placement. cient and high-quality floorplan-guided placer callEdOP. It can
effectively handle mixed-size placement with all movable objects in-

. ) . . cluding both macros and standard ceR&OP can also optimize the
different techniques to improve the quality of result (QoR). Baseghacro orientation respecting to packing and wirelength optimization.

on the MP-tree representation, Chen et al. [8] used a packing-baseg, show the effectiveness BL.OP, we derive the Modern Mixed-
algorithm to place the macros around the four corners of the chip rg,¢ (MMS) placement benchmarks from the original ISPD05/06

gion. In [9], a transitive closure graph (TCG) based technique Wa§,cement Benchmarks. These new circuits can represent the chal-
applied to enhance the quality of macro placement. One main prqghges of modem large-scale mixed-size placement.

lem with the above two approaches is that the initial placement is pro-the rest of this paper is organized as follows. Section 2 describes
duced with large amount of overlaps. Thus, the initial solution mgye gyerview ofFLOP. Section 3 introduces the block formation and
not provide good indications on the locations of objects. Howevglgorplanning algorithms. Section 4 presents the wirelength-driven
the following macro-placement stage still determines the macro Igpfting technique. Section 5 describes the incremental placement
cations by minimizing the displacement from the low-quality initialy|yorithm. Section 6 describes the MMS benchmarks. Section 7

placement. Alternatively, Adya et al. [10] used an annealing-basgthsents the experimental results. Finally this paper ends with the
floorplanner to directly minimize the HPWL among the macros anglycjusion and future work.

clustered standard cells at the macro-placement stage. But, they still

have to rely on the illegal placement to determine the initial Iocatiorg OVERVIEW OF ELOP

of macros and clusters. For all of the above two-stage approach€s . L

after fixing the macros, the initial positions of standard cells have to FLOP follows the same algorithm flow as shown in Figure 2.

Block Formation

Floorplanning

Incremental
Placement

be discarded to reduce the overlaps. ~ The block formation is based on the result of recursive partition-
] ] ing of the original circuit. After partitioning, small objects in each
1.2 Our Contributions partition are clustered into a soft block and each big macro becomes

To effectively handle the complexities of mixed-size placemerf Single hard block. _ i
we present a new algorithm flow which efficiently integrates floor- !N the floorplanning stepFLOP adopts a min-cut based fixed-
planning and incremental placement algorithms. As floorplannepstiine floorplanner similar teFer[11]. In DeFer, a hierarchy of
have a good capability of handling a small number of objects [Zﬁbe block_s needs to be derived using recursive part!tlonlng. Because
we apply floorplanning on the clustered circuit to generate a globgfch @ hierarchy has already been generated during the block for-

overlap-free layout, and use it to guide the subsequent placement8fition step, it will be passed down and will not be generated again.
gorithm. This new flow is as follows (see Fig. 2). Another way to look at the flow dFLOP is that the block formation

step is merged into the floorplanning step as the first stagpebér.
1. Block Formation: The purpose of the first step is to cut down We formulate the wirelength-driven shifting problem as a linear
the problem size. We define “small objects” as small macrggogramming (LP) problem. Therefore, we can find thaimal
and standard cells. The small objects are clustered into sbfbck position in terms of the HPWL minimization among the blocks.
blocks, while each big macro is treated as a single hard block the LP-based shifting we only ignore the local netlist among small
. ) ) ) objects within each soft block.
2. Floorplanning: In this step, a floorplanner is applied on the  gecayse analytical placers have the best capability in placing a

blocks to directly minimize thexactHPWL. Simultaneously, |arge number of small objects, we use an analytical placer as the
the objects are precisely distributed across the chip region é‘ﬁgine in the incremental placement step.

guarantee an overlap-free layout.

3. Wirelength-driven Shifting : In order to further optimize the 3. BLOCKFORMATION AND FLOORPLAN-
HPWL, the blocks are shifted at the floorplan level. After shift- NING

ing, big macros are fixed. The remaining movable objects are o pigh_quality and non-stochastic fixed-outline floorplanber
assumed to be at the center of the corresponding soft block-ger \yas presented in [11]. It has been shown that, compared with

4. Incremental Placement Lastly, the placement algorithm will other fixed-outline floorplannerdeFer achieves the best success

place the remaining objects. The initial positions of such ofate: the best wirelength and the best runtime on average.
jects provided by the previous step are used to guide the incre-1€re is a brief description of the algorithm flow beFer. Firstly
mental placement. the_ original circuit is partltlc_)ned into several subcwcwts, e_a(_:h of
which contains at most0 objects. After that, a high-level slicing
Comparing this new methodology with the state-of-the-art analyticake structure is built up. Secondly, for each subcircuit an associ-
placers, we can see that it is superior in several aspects: 1) Thie exaed shape curve is generated to represent all possible slicing layouts

HPWL is optimized in Steps 1-3; 2) The objects are more precisahjthin the subcircuit. Thirdly, the shape curves are combined from



bottom-up following the high-level slicing tree. In the final shape HA HAN HA
curve at the root the points within the fixed outline are chosen for | ’; H/W=3
further HPWL optimization. At the enBeFeroutputs a final layout. \ [ b

In FLOP, we useDeFerin the floorplanning step. To make it more Y
robust and efficient for mixed-size placement, we propose somenew | A | - AT A | e ghw=13
techniques and strategies, which are described in Sections 3.1-3.3. N b N ;""\‘
3.1 Usage of Exact Net Model @ v ) v © v

We use the exact net model in [12] to improve the HPWL in par-
titioning. By applying this net model in partitioning, the cut value
becomes exactly the same as the placed HPWL, so that the parti-
tioner can directly minimize the HPWL instead of interconnections
between two partitions. IRLOP at the first3 levels of the high-level 3.2 Block Formation
slicing tree G = 3 by default), we apply two cuts on the original par-  As mentioned earlier, sindeeFer starts with a min-cut partition-
tition. One is horizontal cut, and another is vertical cut. We compa[ﬁg' FLOP merges the block formation step into the floorplanning

these two cuts and pick the one with less cost, i.e. HPWL. step. After the original circuit is partitioned into multiple subcir-

However, for a vertical/horizontal cut, the cut value returned by th@uits in each subcircuit we treat a big macro as a hard block, and
net model is only equal the horizontal/vertical component of HPchlust'er all small objects into a soft block '

So for two cuts with different directions, it is incorrect to decide a However, inDeFerthe partitioning will not stop until each subcir-

better cut direction based on the two cut values generated by thegg ontains less than or equal 10 objects. If the same stopping
two cuts. The authors in [12] avoided such comparison by fixing t"t‘?iteria is used iFLOP, then most subcircuits will contain at most

cut direction based on the dimension of the partition region. Nevy standard cells, which means by clustering we can only cut down
ertheless, this may potentially lose the better cut direction. Here problem size by at mo8t%. Nevertheless, for a typical place-

phropose? simple Z?f‘f”iStic g‘? solve the cut value comparison betwegRn problem with millions of objects, the resulted circuit size is still
the cuts from t_WOh ! erer|1t |rel():t|onsf. ) ion th too big for the floorplanning algorithm. So here we propose a more
Supposek is the total number of nets in one partition that Weyiaple stopping criteria. Let, be the total area of all objects in

are going to cut. For the horizontal cut (H-cuf)y; /Ly, IS the ,q gesign. In one partition there alg, objects of which the total
horizontal/vertical component of the HPWL of ngtthe same as area isA,, « is the area bounda( = 0.15% by default). We will

f{g‘cﬁ atnd_L%%_for tklget_verticgl cut (V-cut). So the total HPWL of the gy ctting this partition, iitherone of the following conditions is
nets in this partition are: satisfied: 1) < a;2) N, < 10.

Figure 3: Generation of shape curves for blocks.

K K
ForH-cut: Ly =Y L, +» LY 3.3 Generation of Shape Curve for Blocks

i=1 i=1 To capture the shape of the blocks, we generate an associated
shape curve for each block. For the hard block if a macro cannot
be rotated, only one point representing the user-specified rotation is
generated (see Fig. 3 (a)). Otherwise two points representing two dif-
Thus, the correct way to make the comparison between H-cut afédent rotations are generated (see Fig. 3 (b)). For the soft block we
V-cut should be: bound its aspect ratio frorh/3 to 3, and sample multiple points on
the shape curve to represent its shape (see Fig. 3 (c)). Considering
the target density constraint in the placement, we add some white
space in each soft block. In some sense, we "inflate" the soft block
based on the target density.

K K
ForV-cut: Ly =Y Ly, +» LY
i=1 i=1

if Ly > Ly = V-cutis better
if Ly < Ly = H-cutis better

As the net model only returns ;| LY, for H-cut, andy ;" | LY,

A,
for V-cut, we need find a way to estima¥é, | Lf;, and> 1", LY, . Ay = Fp % (maz((TD = 0.93),0) x 05+1) (1)
Let the aspect ratio (i.e. height/width) of the partition regiomhbe ) L ) )
When K is very big, based on statistics we can have: In Equation 1, for soft block, Aj, is the “inflated area” A, is the

total area of objects within soft bloekandT D is the target density.

K K Based on this formula, if the target density is more thaf, we add
Z L%Z Z L?,i some white space into the soft block. The purpose is to leave some
i=1 ~ =L ~ space for the analytical placer to place the small objects.
K K
L%, LYy,
2 L 2L 4. WIRELENGTH-DRIVEN SHIFTING
In FLOP the wirelength-driven shifting process is formulated as a
Thus, linear programming (LP) problem, which is the same as in [13]. We
if LV, > L} -y = V-cut s better use the contour structure [14] to derive the horizontal and vertical
if LY, < L% -~ = H-cutis better non-overlapping constraints among the blocks.

The LP-based shifting is an essential pafeirOP. In terms of the
Two reasons prevent us from applying the net model in lowg{p\wL minimization it can find the optimal position for each block,
levels & f): 1) As partitioning goes oni’ becomes smaller and and basically provides a globally optimized layout for the analyti-
smaller, which makes the approximatior)of* , L, andy-" | LY, cal placer. Since the LP-based shifting optimizes the HPWL at the
inaccurate; 2) Using the net model, we restrict the combine directi®igorplan level, it only ignores the local nets among the small objects
in the Generalized Slicing Tree [11], which hurts the packing qualitwithin each soft block. The smaller the soft block is, the less nets it
To make a trade-off we only apply the net model in the fité¢vels. jgnores, and the better the HPWL we will get at last. However, if the



soft blocks become too small, numerous nets will be consideredanademic community, two suites of placement benchmarks [18, 19]
the shifting. This would slow down the whole algorithm. Because dfave been released recently. They are directly derived from modern
this, in the partition stopping criteria we set an area boainsio that  industrial ASICs design. Unfortunately, however, in the original cir-
the soft blocks would not become too small. On the other hand, waits most macros have been fixed due to the difficulty of handling
only need the shifting step to generate a globally good layout. Rexovable macros for the existing placers. The authors in [8, 9] freed
garding the local nets within the soft blocks, the following analyticadll fixed objects in ISPD06 benchmarks and created new mixed-size
placer can handle them very efficiently and effectively. placement circuits. But seven out of eight circudts nothave any
fixed I/O objects, which is not realistic in the real designs. In order to
recover the complexities of modern mixed-size designs, we modify
5. INCREMENTAL PLACEMENT ) __the original ISPD05/06 benchmarks and derive the Modern Mixed-
_ As mentioned before, the output of the wirelength-driven shifisj;e (MMS) placement benchmarks (see Table 1). Essentially, we
ing step is a layout with legal, non-overlapping locations for the bigy5ke the following changes on the original circuits.
macros. These big macros are then fixed in place to prevent furthe nacros are freed from the original positions. In the GSRC
movement during any subsequent steps. But, there are multiple “sgfiokshelf format that the original benchmarks use, both fixed nsacro
blocks” in the layout, each containing numerous “small objects” (i-8an fixed 1/O objects are treated as fixed objects. There is no extra
small macros and standard cells). The shifting step assigns thgg@ification to differentiate them. So we have to distinguish them
small objects to the center of the corresponding soft block. In thigyy pased on the size differences. Basically, if the area of one fixed

respect, the placement step has two key tasks: 1) Spread the s@gfhct is more than\x the average area of the whole circuit, we
objects over the placement region and obtain a final overlap frgg recognize it as a macro. Otherwise, it is a fixed /O object. Be-
placement among all objects; 2) Use the initial locations of the smalyse for each circuit the average area is different, we need to use
objects as obtained by the shifting step.

To satisfy these two tasks, we use an efficient analytical incremeflsmber and suitable threshold size for the macros. There is one ex-
tal placement algorithm (see Algorithi).

Algorithm 1 Analytical Incremental Placement

a different) (see the last column in Table 1) to decide a reasonable

ception: in both circuitdbigblue2andbigblue4 there is one macro
that does not connect with any other objects. If this macro is freed,
it may cause some trouble for quadratic-based analytical placers. So

1: Phase 0: Physical and Netlist based clustering we keep it fixed. Since this macro is also very small compared with
%5 initial_objects« number_of_small_objects other macros, it would not affect the circuit property.

: set locations of small objects to center of their soft blocks Il. The sizes of all I/O objects are set to zeroln MMS bench-
4. while number_of_clusters- target_number_of_clustedo . .
5: cluster netlist using Best-choice clustering [15] marks there are two types of |/O$J_er|meter I/OsarOL_md the chip
6: use physical locations of small objects in clustering score boundary andirea-array I/Osspreading across the chip region. Gen-
g: on dsm'lzswr—"’ca“m_ center of gravity of the objects within cluster erally, the area-array 1/Os are allowed to be overlapped with other
9" end movable objects in the design. But existing placers treat all fixed

10: Phase 1: Coarse global placement

1/Os as fixed objects, so that their algorithmternally do not allow

11: generate ‘fixing forces” for clusters based on their initial locations such overlaps during the legalization. Since the macros have already

12: solve initial quadratic program (QP) : .

13:  repeat been freed in MMS benchmarks, the placers should ignore the over-

14. performCell Shifting[3] on coarse-grain clusters laps between fixed 1/0 objects and movable objects, and concentrate

%g adld Se;ead'”%fotﬁces to QP formulation on the legalization of movable objects. As we cannot change the code
. solve the adratic program . I .

17°  unti placement is roughly even of other placers, one simple way to enforce this is to set the sizes of

18:  repeat all I/0 objects to zero.

19: performiterative Local Refinemeri8] on coarse-grain clusters The target density constraints are the same as the original cir-

20:  until placement is quite even

21: uncluster movable macro-blocks

22:  legalize and fix movable macro-blocks

23: end

24: Phase 2: Refinement of fine-grain clusters

25:  while number_of_clusters: 0.5*number_of_small_objectio
26: uncluster netlist

27:  endwhile

28: performiterative Local Refinememn fine-grain clusters

29: end

30: Phase 3: Refinement of flat netlist

31:  while number_of clusters: number_of small_objectio

32: uncluster netlist

33:  endwhile

34:  performlterative Local Refinemenin flat netlist

35: end

36: Phase 4: Legalization and detailed placement

37: Legalize the standard cells in the presence of fixed macros
38:  Perform detailed placement [16] to further improve wirelength

cuits. The same scoring functidnis used to calculate the scaled
HPWL. However, since the macros are movable in the MMS cir-
cuits, we need to modify the script used in [19] to get the correct
“scaled_overflow_factor”. The modification being: Any movable
macro that has a width or height greater than the bin dimension used
for scaled overflow calculation, is now treated as a fixed macro dur-
ing scaled overflow calculation. Note that, this was the method em-
ployed by the original script onewbluel which is the only design
that has big movable macros in the original circuits. It is required to
treat big movable macros as fixed, otherwise we will get an incorrect
picture of the placement density.

We have discussed the MMS benchmarks setup with the authors
in [18, 19]. To keep the original circuit properties as much as pos-
sible, the above changes are the best we can do without accessing

39: end the original industrial data of the circuits. The MMS benchmarks are
publicly available at [20].
6. MMS BENCHMARKS 7. EXPERIMENTAL RESULTS

The only publicly available benchmarks for mixed-size designé
are ISPD02 and ICCADO4 IBM-MS [10, 17] that are derived fror’r%l
ISPD98 Placement Benchmarks. As pointed out in [18], these chi
cuits can no longer be representative of modern VLSI physical de-

All experiments were performed on a Linux machine with AMD
pteron 2.6 GHz CPU and 8GB memory. We Umdetis2.0[21]

s the partitioner an@QSopt[22] as the LP solver. The seed of
Metis2.0is set to5. Essentially, we set up four experiments.

sign. To continue driving the progress of physical design for théscaled HPWL = HPWL * (1 + scaled_overflow_factor)



[ Circuit | #Objects | #Movable Objects| #Standard Cells| #Macros | #Fixed I/O Objects] #Net [ #Net Pins [ Target Density%]| A |

adaptecl | 211447 210967 210904 63 480 221142 944053 100 70
adaptec2 | 255023 254584 254457 127 439 266009 | 1069482 100 160
adaptec3 | 451650 450985 450927 58 665 466758 | 1875039 100 650
adaptec4 | 496054 494785 494716 69 1260 515951 | 1912420 100 460
bigbluel | 278164 277636 277604 32 528 284479 | 1144691 100 120
bigblue2 | 557866 535741 534782 959 22125 577235 | 2122282 100 30
bigblue3 | 1096812 1095583 1093034 2549 1229 1123170 | 3833218 100 470
bigblue4 | 2177353 2169382 2169183 199 7970 2229886 | 8900078 100 550
adaptec5 | 843128 842558 842482 76 570 867798 | 3493147 50 440
newbluel | 330474 330137 330073 64 337 338901 | 1244342 80 2000
newblue2 | 441516 440264 436516 3748 1252 465219 | 1773855 90 190
newblue3 | 494011 482884 482833 51 11127 552199 | 1929892 80 170
newblue4 | 646139 642798 642717 81 3341 637051 | 2499178 50 400
newblue5 | 1233058 1228268 1228177 91 4790 1284251 | 4957843 50 570
newblue6 | 1255039 1248224 1248150 74 6815 1288443 | 5307594 80 650
newblue7 | 2507954 2481533 2481372 161 26421 2636820 | 10104920 80 650

Table 1: Statistics of the Modern Mixed-Size placement benchmarks.

I. To test the capability of handling the large-scale mixed-size O Fixed-outline Floorplanning
placement, we compafeLOP with five state-of-the-art mixed-size O LP-based Shifting
placersAPlace2 NTUplace3 mPLG§ Capol0.5and Kraftwerk on B Incremental Placement

MMS benchmarks.Before the experiments, we have contacted the
authors of each placer above, and they provided us their best-available
binary for MMS circuitsIn Table 2, for the ISPDO6 circuitaflaptec5
— newblueY the reported HPWL is the scaled HPWELOP is the
default mode ofFLOP with all macros rotatable, andLOP-NRre- SRS
stricts the rotation on all macrog\Place2crashed on every circuit,
so we do not report its results. For the default md&€le€)P generates
8%, 2%, 44% and26% better HPWL compared witNTUplace3
mPL6 Capol0.5and Kraftwerk respectively. About the runtime,
FLOP is 7x and3x faster thanCapol1l0.5andmPL6& Also FLOP
achieves legal solution on all circuits. Compared wWihOP-NR
FLOP generated% better HPWL by rotating the macros. )
1. To show the importance of the initial positions of small objects Figure 4: Runtime breakdown of FLOP.
in the incremental placement step, we generate the resufts@P-

NI thatdiscardssuch information and places all small objects fromOf the-art mixed-size placers and leading macro plag&r&P achieves
scratch. As shown in Table £ OP-NIproducess% worse HPWL th- b ) t HPWL ) d p ilv brod th gl Y P  for everv circuit
and17% slower tharFLOP. e bes , and easily produces the legal layout for every circuit.

1. Ve compar€LO with eaing macro placeSG, WPTana Y8 beete hee e much oon 1 urhe imorove e Qo of
XDP. Due to thelP issues, their binaries are not available. Bu{:. ’ Pie, 9

the authors sent us the benchmarks used in [9]. So in Table 3 agme the Iin_ea_tr programming formulation in order to s_p_ee_d up the
other placers’ results are cited from [9]. These benchmarks allo ofsjgg; r:)n;tltr;]ge ?(t)etgl' rtlj\rlletirilg(?not)hsee?llc)eotrh?;rltrr:ier] pzl;tétlonlpr?utsalges
the rotation of macros and do not consider the target density. s%and-alonoe clustering alaorithm i d dp' h gbl Ef .
shown in Table 3FLOP achievesl%, 12%, 7% and 14% better g algorithm Is needed in the block formation
HPWL compared wittCG, MPT, XDP andNTUplace3respectively. §t§p tq cut down the problem size before partitioning. This \.N'" def-
To show which algorithn'1 prO\;ides the best macro location, we u% jtely improve both the runtime qnd HPWL. In. the fqture, different
NTUplace3o substitute the incremental placer insIEOP (NTU- oorplanners and placers can be |_ncorporated into thls_flow to handle
place3does not support incremental placement). The results sh&wer problems, e.g. placement with geometry constraints.
that FLOP+NTUplace3generate9% worse HPWL tharCG. But
this does not meaRLOP is weaker tharCG in terms of handling ACknOWIedgment
the macros. We observe theBLOP+NTUplace3produces signifi- The authors would like to thank Dr. George Karypis, Dr. Gi-Joon
cantly worse HPWL omewblue7 However, using theamemacro  Nam, Guojie Luo, Tung-Chieh Chen and Peter Spindler for the help
locations generated biyLOP, the incremental placer insideLOP  with hMetis2.0, ISPD05/06 Placement Benchmarks, mPL6, NTU-
achieves thébestHPWL onnewblue7 We believe this is because place3 and Kraftwerk, respectively. Also thanks goes to Yi-Lin Chuang
NTUplace3is not an incremental placer. As shown earlier, nonand Dr. Yao-Wen Chang for providing us their benchmarks.
incremental placement will significantly degraleOP’s result.

IV. The runtime breakdown ¢fLOPis shown in Figure 4. We can 9. REFERENCES
see that the LP-based shifting takes almigst of the total runtime. [1] T. Taghavi, X. Yang, B.-K. Choi, M. Yang, and
This is the main bottle neck of the runtimeHh.OP. M. Sarrafzadeh. Drélg(.)n2.006: Iy?zloé:kage-’aware

congestion-controlling mixed-size placer.Pnoc. ISPD
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This paper presents a new algorithm flow for large-scale mixedf2] J. A. Roy, S. N. Adya, D. A. Papa, and I. L. Markov. Min-cut
size placement. To show the effectiveness of such flow, a high- floorplacementlEEE Trans. on Computer-Aided Desjgn
quality mixed-size placeFLOP is proposed. Compared with state- 25(7):1313-1326, July 2006.

32.40%




Circuit | __NTUplace3 [7] | mPLG [6] [ Capol05[2] | Kraftwerk[5] | FLOPNR | FLOP-NI [ FLOP |

[HPWL Time(s) | HPWL _ Time(s) | HPWL _ Time(s) | HPWL _ Time(s) | APWL _ Time(s) | HPWL _ Time(s) | HPWL _ Time(s) |
adaptecl | 80.45 630 77.84 2404 | 84.77 5567 | 86.73 285 77.18 722 85.27 931 76.83 824
adaptec2 | 136.46 1960 | 88.40 2870 | 92.61 7373 | 108.61 408 | 87.17 1219 | 86.72 1371 | 84.14 1192
adaptec3 | illegal = 180.64 5983 | 202.37 16973 | 272.76 773 | 18221 1943 | 173.07 2352 | 17599 2116
adaptecd | 177.23 1896 | 162.02 5971 | 202.38 _ 17469 | 260.96 962 | 166,55 2398 | 17567 2689 | 161.68 2427
bigbluel | 95.11 955 99.36 2829 | 11258 8458 | 130.78 348 | 95.45 1776 | 98.91 2174 | 94.92 2007
bigblueZ | 144.42 1661 | 144.37 12202 | 14954 17647 | aborted = 15066 2373 | 16240 3622 | 153.02 3110
bigblue3 | illegal = 31963 9548 | 583.37 69921 | 417.73 2369 | 372.79 7037 | 394.75 6531 | 346.24 5437
bigblued | 764.72 8182 | 804.00 23868 | 915.73  109785| 969.03 6000 | 807.53 13816 | 83953 21027 | 777.84 19671

adaptec5* | aborted — 376.30 22636 | 565.88 23957 | 402.21 1653 381.83 5048 385.07 3882 357.83 3293
newbluel* | 60.73 875 66.93 3171 110.54 3133 76.22 481 73.36 1368 71.69 1280 67.97 1012
newblue2* | aborted — 179.18 6044 303.25 8156 272.67 615 231.94 2646 190.50 2830 187.40 2414
newblue3* | aborted - 415.86 17623 | 1282.19 73339 | 374.54 578 344.71 2336 355.07 3237 345.99 2757
newblue4* | aborted - 277.69 9732 300.69 6589 291.45 1266 256.91 2575 268.46 3282 256.54 2455
newblue5* | aborted - 515.49 24806 | 570.32 16548 | 503.13 2639 516.71 8801 536.38 10546 | 510.83 9163
newblue6* | aborted - 482.44 13112 | 609.16 18076 | 651.34 2726 502.24 9450 506.99 10740 | 493.64 9563
newblue7* | aborted - 1038.66 31680 | 1481.45 43386 | illegal - 1113.07 18765 | 1101.07 27029 | 1078.18 25104
[ Norm T 1.08 078 [ 1.02 295 | 1.44 656 [ 1.26 035 | 1.04 1.00 | 1.05 1.17 ] 1 1 |

Table 2: Comparison with mix-size placers on MMS Benchmarks (* compason of scaled HPWL), HPWL(x 10e6).

Circuit | CG[9]+NTUplace3| MPT [8[+NTUplace3 | XDP [23]+NTUplace3| NTUplace3 [ FLOP+NTUplace3| FLOP |

| HPWL | HPWL | HPWL [ APWL | HPWL [ APWL |
adaptecs 29.46 3L.01 31.08 29.03 27.94 27.36
newbluel 6.23 6.50 6.32 6.06 741 7.32
newbluez 18.89 22.60 18.90 28.09 2538 23.79
newblue3 30.18 3757 37.64 53.48 31.20 3361
newblue4 2138 2377 22.01 22.83 21.03 19.72
newblues 42.92 4371 4541 39.91 3721 36.66
newblueé 44.93 50.50 46.43 4424 45.80 4187
newblue? 99.03 108.06 10221 100.06 170.00 86.96

[ Norm | T.01 [ 112 [ 1.07 [ 114 | 1.10 [ T ]

Table 3: Comparison with macro placers on modified ISPD06 benchmark§9] with default chip utilization, HPWL( x10e7).
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