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Outline
< Motivation of mixed-size 3D placement
¢ Review of analytical 3D placement

¢ Contributions

= Analyze the limitations of analytical 3D placement
= Develop a 3D placement flow for mixed-size circuits

= Use the multiple-stepsize scheme to enhance analytical solvers

¢ Experimental results

UCLAVLSICAD LAB 2



Availability of 3D Integration Technologies
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Need for 3D Physical Synthesis Tools
< Availability of 3D integration technologies
¢ Lack of 3D EDA design tools

¢ 3D mixed-size placers are needed
= Logical and physical hierarchies do not coincide [Cong, ISPD’98]

= Advantages of a flat approach [Koehl et al., ASPDAC’03]

* Possibility to perform global optimization
* Reduce complexity of the design flow and data management
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UCLA 3D Physical Design Flow (3D-Craft)
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Review of Analytical 3D Placement - the Problem

¢ Variables
u (xg:y_g:z_g): II: 1?2?"'?”

= cell 7 1s placed at (x,,y,) on layer z,

¢ Objective
« >k, WL(x,y,2)=) k,-(HPWL,(x,y)+ a5, TSV,(2))
= Weighted wirelength is capable of handling timing constraints

¢ Constraints

= For every pair of cells, either they are placed on different layers,
or they are placed on the same layer without overlaps
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Review of Analytical 3D Placement — Formulation

€ minimize ZekeWLe(x, V,Z)
subjectto 4, ., (x,y,2)=C, ., foralli j.k
A (x,y,2)=C, foralli,jk

= Use density constraints on actual layers and pseudo layers to
enforce non-overlap constraints [Cong & Luo, ASPDAC’09]

Actual layers

Affected layers
Pseudo layers by the cell
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Review of Analytical 3D Placement - the Solver

< Quter iterations — Quadratic Penalty

while ( overlaps > threshold ) s=(x,y,2)
| minimize F (s; ); F(s;u)=2 kWL(s)
increase penalty factor u; el Zsz;j( 4, ()-C, )

¢ Inner iterations — Gradient Descent  +~ ZZ”( )= Cl)
for(k=1; HVF(S(“' w|>e; k++)

(k+l) —a- VF(SUC) /l)
if ( dlverge )

reduce step size «a;

reset placement &k = 0;
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Limitations of Analytical 3D Placers

# Global placement of ibm03
Layer 1 Layer 2 Layer 3 Layer 4

O

< Analytical placers roughly satisfy area density constraints

» Remaining overlaps are left for detailed placers
* |t works fine for standard cell 3D placement
= Qverlaps between macros are difficult to remove

* The global placement will be disturbed greatly
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3D Placement Flow for Mixed-Size Circuits
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Fix Large Macros Before Analytical 3D Placement

¢ Coarsening

= By partitioning the netlist into a limited number
(100) of partitions

¢ 3D floorplanning [Cong et al., ICCAD’04]

= Performed on the coarsened netlist
* Thus, the runtime is under control
* 1-2 min. on a Pentium 4 to floorplan 100 partitions

< Uncoarsening

= Restore the original netlist

= Run 2D detailed placer layer-by-layer to optimize
macros

» Fix large macros before analytical 3D placement
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Enhancement of Analytical 3D Placement

¢ Inner iterations — Gradient Descent method

U
st = g0 _ o wF (s0): 1)

. . mPL-MS
If (diverge) (mult-2D) mPL-MS-3D
reduce step size «; fed b
reset placement k = 0; {z} are fixed by {Zi.} are
3D floorplanner variables

¢ Multiple-Stepsize Scheme
» Theoretical justification

= Experimental justification
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Multiple-Stepsize Scheme

¢ Stepsize selection in Gradient Descent
GED _ (B VF(SGC);IU)

» Uniform-size circuit: «, =, forall i
* The size of every cell and its impact to the density penalty is identical
* |tis natural to use a single stepsize in terms of overlap removal

= Mixed-size circuit: o« =a/4,. foralli
* Larger macros have larger impact to the density penalty

« Asingle stepsize scheme requires a very small stepsize
« Thus, itis very slow to converge

* The multiple-stepsize allows large stepsize for small cells
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Multiple-Stepsize Scheme: Theoretical Justification

¢ A mixed-size circuit can be decomposed to a uniform-size
circuit with additional constraints

3w

(x1yl) [ (x2,y2) | (x3,y3)

2h (x.y) >

(x4,y4) [ (x5,y5) | (x6,y6)
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Multiple-Stepsize Scheme: Theoretical Justification

+ One step of gradient descent for the macro is equivalent to

one step of gradient projection for the decomposed cells
Descent Descent & Project

Stepsize=ur6 Stepgze=1q

Based on the properties

of F(s:) and VF(s:p) efeunt
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Multiple-Stepsize Scheme: Theoretical Justification

¢ In general (applicable to 2D/3D placements)

= Given a mixed-size problem

» Formulate it as a uniform-size problem with additional constraints
* Use Gradient Projection to solve it with uniform stepsize
* Derive an equivalent stepsize in the original problem

= Gradient descent with multiple stepsizes
e oo =ATIAT
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Multiple-Stepsize Scheme: Experimental Justification

2 Rerplace |V’é‘ﬁ@[ﬁ}§lacellnenﬁ99ress've aggressive
U|tI t single, stepsize . r\ﬂlp stepsize multiple stepsizes
uality = Uéﬁ'ty’_'r'v# ter“'”‘jll #Hiter quality #Hiter

mmter — numbgr of iteraéions|to st@p (Qveriap <15%}) o1 45
ib 1100 195 1.13 200 0.97 60
ibm03 ! ‘ .99 200, 1.12 135 0.97 70
ibm04 ral§ YNyiE StefRyze 1.06 140 0.97 75
ibm®5Aggless)e® single sispsizeé 0.99 70 0.99 70
ibm06 AgakesshPl multinle®Stensizesl-00 40 1.00 40
ibmo7 ~°|  1.00 200 Ze”l.og 145 0.98 65
ibm08 1.03 200 1.04 200 0.97 70
geomean 1.01 112.88 1.06 94.17 0.99 57.58

¢ The number of iterations Is reduced
= By allowing large stepsize for a significant number of small cells

< Quality Is guaranteed
= By limiting the stepsize of large macros for stability
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Multiple-Stepsize Scheme

Single stepsize Multiple stepsizes

At 8-th iteration: At 8-th iteration:
HPWL = 2277071, HPWL = 2420926,
Logsumexp WL = 4401113, Logzumexp WL = 4B17BET,
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Multiple-Stepsize Scheme

Single stepsize Multiple stepsizes

At 16-th iteration: At 16-th iteration:
HPWL = 2BEOSETY, HPWL = 27255944,
Logsumexp WL = 4731961, Logzumexp WL = 4734788,
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Multiple-Stepsize Scheme

Single stepsize Multiple stepsizes

At 24-th iteration: At 24-th iteration:
HPWL = 3158755, HPWL = 3218276,
Logsumexp WL = q013171, Logzumexp WL = 0030143,

_T‘T'__ R EAR —"_:__:_—_T_I:.
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Multiple-Stepsize Scheme

Single stepsize Multiple stepsizes

At 32-th iteration: At 22-th iteration:
HPLL = IBROTET, HPWL = 502263,
Logsumexp WL = h22aa15, Logzumexp WL = 020ERIE,
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Multiple-Stepsize Scheme

Single stepsize

At 40-th iteration:
HPLL = 3964700,
Logsumexp WL = h4B2105,

Multiple stepsizes

At 40-th iteration:
HPWL = 3810090,
Logsumexp WL = 0408312,
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Experimental Results — Settings
¢ mPL-MS (multi-2D) / IlnitiaISD /
Placement

= {z.} are fixed by /\
3D floorplanning

mPL-MS
¢ MPL-MS-3D (multi-2D) mPL-MS-3D
» {z} are variables \/
Legalization
(layer-by-layer)
¢ Large macros are fixed l
/ Final 3D /
¢ Small macros are movable Placement
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Experimental Results (4-Layer)

mPL-MS Folding
Cireuit (Multi-2D) mPL-MS-3D [ASPDAC’07]
gp-WL[dp-WL] TSV | RT [gp-WL|[dp-WL| TSV | RT [dp-wL]| TSV
(x 109)| (x 108)|(x 103)|(min)| (x 108) | (x 106)|(x 103)|(min)| (x 10)|(x 103)
ibm01 147 | 163 | 230 [1.55] 1.49 | 1.64 | 2.39 [2.82] 1.89 | 1.88
ibm02 412 | 390 | 3.31 |4.04| 383 | 3.79 | 4.98 |5.81| 4.12 | 3.23
ibm03 546 | 524 | 4.23 |4.01| 4.89 | 4.70 | 4.36 | 9.16 | failed | failed
ibm04 6.04 | 5.88 | 490 |4.72| 5.72 | 556 | 5.46 |9.33| 6.80 | 3.36
ibm05 553 | 5.40 |13.98 [4.43| 5.72 | 5.65 | 8.26 |5.72| 6.92 | 9.41
ibm06 502 | 5.09 | 5.62 [11.90| 4.77 | 4.86 | 4.87 | 9.02 | failed | failed
ibm07 798 | 8.03 | 6.78 |7.65| 7.11 | 7.46 | 7.28 |33.49] 9.26 | 5.11
ibm08 9.65 | 10.00 | 8.95 |10.68| 8.12 | 8.48 | 9.40 |18.25| 11.79 | 7.01
qeomean 506 | 507 | 5.43 |5.17] 473 | 480 | 5.45 [9.03] - -
500 | 5.03 | 5.62 |4.69| 4.70 | 481 | 5.77 |9.01]| 5.85 | 4.36
¢ MPL-MS (multi-2D) and mPL-MS-3D achieves 14.0% and 17.9%

shorter wirelength than the folding method, respectively
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Conclusions and Future Work

¢ Conclusions

= Analyze the limitations of analytical 3D placement
= Develop a 3D placement flow for mixed-size circuits

= Use the multiple-stepsize scheme to enhance analytical solvers

¢ Future work

= TSV density constraints

= 3D physical hierarchy exploration
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THANK Youl!
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