A RTL Partitioning Method with a Fast Min-Cut Improvement Algorithm

Kenichi Kawaguchi Chie Iwasaki Michiaki Muraoka

Semiconductor Research Center, Matsushita Electric Industrial Co., LTD.
3-1-1, Yagumo-Nakamachi, Moriguchi, Osaka 570 JAPAN
Tel: +81-6-906-4933
Fax: +81-6-906-3851
e-mail: kawaguti@vdrl.src.mei.co.jp

A_b_strz_alct I= A design ro_V\_/ with registgr-transferflevel (RTL) be interconnects of different pairs of blocks.
partitioning and a RTL partitioning algorithm for efficient logic Partitioning studies at the functional level have been
synthesis and layout are described in this paper. Changing the reported[1],[2]. Partitioning in this early stage of a system
parameter of partltl_onlng opt|m|_zat|on dynamlcally, the algo- design flow is very important for a multi-chip system,
rithm improves an interconnection cost in a short CPU time. .o, o6 timing and area constraints for high-level synthesis
Experimental results on large circuits show that the algorithm and loaic svnthesis hiahlv depend on the wav of chip parti-
partitioned circuits with the large number of RTL components tionin g Hoelvever a ha%dv)\//arepstructure erfor)r/nin thg ?unc-
in a tenth to a hundredth of conventional partitioning times. . g ' . P L g .
tions is not so clear that measuring the circuit area, which
plays a principal role in partitioning for logic synthesis and
. . . ) : layout, is difficult and not accurate.

DA technology is struggling with today’s complicatec " \wjih its hardware structure clear and easy to measure, a
ASIC designs. A topdown design approach with Ha.rdwa’RTL circuit is suitable for synthesis-and-layout-oriented par-
Description Languages (HDL) and logic synthesis Njioning. Fewer objects make partitioning CPU time shorter
reduced the design term. The approach requires circuit Paihan at the netlist level. Because each object represents a
tioning to change the logical or functional hierarchy of a Cilgynctional unit, flip-flops of a shift-register come into the
cuit into the physical hierarchy proper for its hardwarggme plock when the circuit is synthesized. Nets of a bundle
|mplementat|qn. . o i . handled as a minimum unit are never assigned to different

In the design of a large digital circuit, the logical hierarg,cks.
chy.ls S0 degp and compl_lcated that it is very difficult f©  The min-cut algorithm known as the Kernighan-Lin[3]
designers tq find the bgst hierarchy that minimizes the desalgorithm interchanges two groups of nodes between two
terms of logic synthesis and layout. The hierarchy with larg,|5cks to minimize the interconnects. Fiduccia and Matthey-
_bloc_ks |s'sunableforfloorplannlng, but causes tlme—conswses[4] improved the algorithm to execute in a shorter CPU
ing iterations of syntheses. Small blocks are more approfiime_ Since the major part of partitioning time is spent in the
ate to synthesize than large ones, but the hierarchy with Shjierative improvement stage, it is important to reduce inter-
blocks results in the large number of interconnects wWhi.gnnects effectively in this stage.
makes delay and area o_f interconnection large. To solve t This paper proposes a partitioning algorithm which esti-
problem, the physical hierarchy should be constructed Winaes the number of computations for improvement, makes
proper size blocks and the small number of mterconnectlogroups for interchange efficiently, and completes the
SO that the bIock; of the circuit are appropriate for logic SYimprovement in a short CPU time. It allows designers to
thesis, floorplanning, and layout. design and partition a circuit interactively. Experimental

Our approach is to partition circuits at the RTL so that thyeg it show that the algorithm significantly improves parti-
synthesis term and the layout term are reduced. The Pationing CPU time with fewer interconnects.

tioning method reduces partitioning CPU time significanth
and minimizes the interconnects with a heuristic algorithi Il. RTL PARTITIONING

which estimates partitioning CPU time in advance of pari . ) o
tioning improvement. 1) A Design Flow with RTL Partitioning

Partitioning is popular at the netlist level because tt N @ topdown design flow, designing at the RTL is based
quality and the CPU time of layout highly depend on that ©N the function of a circuit and mgkes hardvx_/a_res clear.
the partitioning carried out beforehand. A circuit at the netliBecause data transfers between registers are visible and the
level has much more objects than at the RTL, so partitioniMinimum objects of the circuit represent functions, the cir-
takes much longer CPU time, in particular, in the partitioninCuit is able to be partitioned for synthesis and layout based on
improvement stage. Because minimum objects of a netithe functional units. Fig. 1 shows a design flow with RTL
circuit are cells or gates, it is difficult to partition the circuiPartitioning. The circuit designed at the RTL is partitioned
taking functional units into consideration. For example, flipinto some blocks with their sizes appropriate for logic syn-
flops of a shift-register could be assigned to different blockthesis and layout. Small logical blocks are merged into larger
Nets of a bundle connecting a pair of functions could turn Physical blocks, and large logical blocks are partitioned into
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smaller physical blocks to shorten the terms of synthesis ¢ [ll. PARTITIONING ALGORITHM
layout. In the RTL partitioning stage, areas of the circuit ar 1) Circuit Model
its blocks are estimated to make blocks with similar size

. . A circuit at the RTL handled in thi ists of
Logic synthesis of each block follows RTL patrtitioning. cireurt at the anced in this paper consists o

objects representing the functional units and data-transfers
2) Bundle-base Interconnection which connect some objects. Types of functional units are
Interconnects of a netlist-level circuit are nets, whilregisters, functional modules, buses, multiplexers, submod-
those of a RTL circuit are bundles of nets. From the layoules, and tables. In a partitioning process, the circuit is com-
and timing point of view, the nets within a bundle should tpiled as a hypergraph of which nodes and edges correspond
included in the same block or connect the same pair to objects and data-transfers in the circuit, respectively. Each
blocks. Fig. 2a shows a RTL circuit which has a four-bit redge is weighted with the bit width of the corresponding data
ister, a comparator, and two one-bit registers. The circuittransfer.
eas_,ily partitioned into two _blocks as sh_own in Fig. 2b. Afte 2) Partitioning Flow
logic synthesis, the partition of the circuit turns to be ¢
shown in Fig. 3a. It has four interconnects between Block o
and Block 2. If logic synthesis comes first and partitionin
second, the circuit is partitioned with three interconnects
shown in Fig. 3b. The partition in Fig. 3a has a one-larg
interconnection cost than the partition in Fig. 3b. Howeve
the layout of the circuit shown in Fig. 3a would have short
wiring delay and smaller wiring area thanks to bundle-ba

A hypergraph modeling a circuit is partitioned into some
cks. Then, the circuit is partitioned corresponding to the
hypergraph partitioning.

Hypergraph partitioning consists of two processes: initial
partitioning which partitions the hypergraph into the required
number of blocks and partitioning improvement which
reduces the interconnection cost, moving nodes from some
blocks to other blocks. In each process, a gate estimator esti-

Interconnection. mates the number of gates of blocks required for balancing
the sizes of blocks at the netlist level.
The major part of the partitioning CPU time is spent on
partitioning improvement to reduce lots of interconnects
[RTC Partiionng | generated during initial partitioning.
¢ 3) Partitioning Improvement
| Logic Synthesis| The partitioning improvement algorithm reduces inter-
connects by moving a group of one or more nodes at a time
ﬁ rather than one node to avoid a local minimum of the inter-
connection cost. The larger the upper limit of the sizes of
Fig. 1: Design Flow moving groups is, the fewer the interconnection cost is.
However, the increase of the upper limit of the sizes of mov-
ing groups makes the number of the groups to compute the
4 one-bit register 4 gains of moving larger and the CPU time for partitioning
- [ longer.
RENE REIN I@—»H—»H»o Our algorithm estimates the number of groups necessary
to compute the gains with each upper limit of the size of the
four-bit register Block 1 Block 2 groups, and gets the initial upper limit from the point of view

of the CPU time.

Fig. 4 shows our algorithm for partitioning improvement.
A node at a border is defined as the node adjacent to at least
one node of a different block. First, in Stepl, it gets the initial
upper limit of sizes of moving groups. Second, in Step2, it

(@ (b)
Fig. 2: RTL Circuit and Its Partition

D_[D"j D'[? selects one of the (unselected) nodes at the border, say node
D_LD__‘D o A, of the blocks. Third, in Step3, finding the group that
_ =T = = reduces the interconnection cost most among groups includ-
D" D? ing node A, it moves the group. Fourth, in Step4, if some
D_LD_:j :,1? Block 2 unselected nodes are left at the border, it goes back to the sec-
=3 Block 2 ond step. Otherwise, it ends.
Block 1 Block 1 If the upper limit of sizes of moving groups is fixed
@ (b) regardless of the circuit structure and the algorithm selects all
Fig. 3: Partition at Netlist Level groups with the size equal to or smaller than the upper limit,

the number of the groups grows rapidly with the increase of
the number of nodes of the circuit. That leads the increase of



partitioning CPU time.

To avoid the increase of CPU time, the algorithm selec ST Set the upper limit of sizes of moving groups 1o a
a group of nodes by picking up nodes one by one and cha selection parameter
ing the upper limit according to the number of adjacent nod S2 Select node A as tHe current node
and t_he blor::ks thiy arle a_ssr,]lgnefd to. h ith th S3 Add the current node to the selected group.
Fig. 5 shows the algorithm of moving the group with th | g4 Compute the gain of the selected group and the|sizes
largest gain including a node, say node A, at the border. of blocks when it moves to the other block
selection parameter in a step is defined as the number S5 If the sizes of blocks computed in the former step
nodes which would be assigned to the group after the step were balanced, update the best group with the lafgest
this algorithm, S7 plays the crucial role to shorten partitiol gain
ing CPU time and improve the connection cost. S7 increas S6 De(.:rease the selection parameter by one
the selection parameter by one if the number of nodes ac S7 Change the selection parameter according to the
cent to the current node is one or two. It makes the possibil number of nodes adjacent to the current node and the
of partitioning improvement higher. blocks they are assigned to
If all of the follpwing conditions are satisfied, S7 S8 If the selection parameter is zero, execute S10
decreases the selection parameter by one. S9 For all nodes adjacent to the current node, set gne of
1. Four or more nodes outside of the selected group them as the new current node, and execute S3 to S9
adjacent to the current node. one by one
2. The number of nodes adjacent to the current node S10 If the gain of the best group is one or more, move
larger than the selection parameter. the best group
3. All nodes adjacent to nodes of the selected groi :

except node A are assigned to the block which the curre
node is assigned to.
It reduces the number of computations of gains of groups.

Fig. 5: Algorithm of Moving Group

In Fig. 6, the circuit has two interconnects betwee Blockl Block2
Blockl1 and Block2. Assume the selection parameter is thr e O—O nln2 3 ne
the current node is node nl, and node nl is added to LO ~ : ;_,‘0_07
selected group as the first node of the group at S3. To red ns 14

the interconnection cost of the partitioning, the group of fiv
nodes, {n1, n2, n3, n4, n5}, should be moved to Blockl at
time. Without S7, three groups, {n1}, {n1, n2}, {n1, n2, n3},
would be computed their gains. no matter which one

moved, the interconnection cost would never be reduced. Blockl Block2
At S7, if the number of nodes adjacent to the current no ~l M ns

such as node nl is two, the selection parameter is increa R B OK
by one. Therefore, at S9, when nodes n2, n3, n4, n5 . +=0—
selected as the current node, the selection parameters ai —Qi
3, 2, 2, respectively. Thus, the group of five nodes, {n1, n n4 ng
n3, n4, n5} can be selected to compute the gain. With t :O;
largest gain, the group is moved to Blockl to reduce tl —O—

interconnection cost to one.
In Fig. 7, the circuit has one interconnect. Assume t}
selection parameter is three at S3, the current node is ni

Fig. 7: Partitioning Example 2

Without S7, thirteen groups would be computed

their

gains. No matter which one is moved, the interconnection
cost would never be reduced.
At S7 when the current node is node n2, which has six
Ng adjacent nodes, the selection parameter decreases from one

nl, and the selected group consists of a node, nl.

Stepl Get the initial upper limit of the size of mov

groups. to zero. The number of groups to compute the gain is four
Step2 Select one node at the border (say node A) of thand partitioning goes faster.
blocks.

4) Getting the Initial Upper Limit
Because the major part of the partitioning CPU time is
spent on partitioning improvement as mentioned above, par-
titioning CPU time is estimated from the number of gain
computations of groups. The algorithm gets the initial upper
limit of sizes of groups in order to complete partitioning in
time appropriate to the circuit size.

Step3 Move the initial group including node A.
Step4 If some unselected nodes are left at the bord
back to Step2. Otherwise, end.

er, g

Fig. 4: Partitioning Improvement Algorithm



The algorithm to get the initial upper limit is shown in TABLE |: EXPERIMENTAL RESULTS OF TWO-WAY PARTITIONING
Fig. 8. The sub-algorithm to estimate the number of ga [ , partitioning CPU tim&jterconnection cosks
computations of groups for T3 is shown in Fig. 9. As you se | Cireuits{#objects s (sec.)
the algorithm in Fig. 9 looks similar to the algorithm of mov

our our
K_L |algorithm| K_L | algorithm

ing the node with the largest gain in Fig. 5. The difference | #1 595| 732 8 8 35 35
it has no steps corresponding to S4, S5, and S10. #2 866| 1900 217 10 215 208
As groups of nodes don't move in the algorithm in Fi¢ |5 2243  7041| 10437 90 593 207

9, the estimated number of computations is different from t
real number. However, the difference is too small to affe

getting the initial upper limit. _ _ The amount of reduced CPU time was balanced to the
To estimate the number of computations, the algorithcpy time for estimation of partitioning time on circuit #1.
doesn’t compute gains, nor update the best selected grolgetting the upper limit of sizes of moving groups according
nor move them as shown in Fig. 9. Thus, it takes Muyg the size and construction of a circuit, our algorithm avoids
smaller amount of CPU time than partition improvemerihe explosion of CPU time. Our algorithm reduced partition-
does. ing CPU times significantly in large circuits with fewer inter-
connection costs.

#gates: 16305(#1), 24237(#2), 4751(#3)

IV. EXPERIMENTAL RESULTS

To evaluate the performance of it, we implemented tt V. CONCLUSION
partition algorithm described in 'Fhis paper. The RTL circuit | this paper, a design flow with RTL circuit partitioning
for evaluation were designed with our in-house ESDA t0Cang 3 partitioning algorithm were proposed. The algorithm
Bchart[5],[6]. We also implemented the Kernighan-Lin algcestimates partitioning CPU time in advance of partitioning
rithm (K-L algorithm) for RTL partitioning. TABLE I shows jmprovement, gets the initial upper limit of the size of mov-
the results of two-way partitioning. ing groups, and changes the upper limit dynamically accord-
ing to the local structure of the circuit. Experimental results
showed that the algorithm shortened partitioning CPU time
with fewer interconnection cost.

The difference between the proper block sizes for logic
synthesis and layout was not mentioned in this paper. In
some cases, the physical hierarchy of a circuit should be
changed when designing comes from logic synthesis to lay-
out. For example, merging some blocks for logic synthesis
into a block for layout reduces the layout term in the case that
a layout tool handles larger blocks than logic synthesis tool
Fig. 8: Getting the Initial Upper Limit does. The way to manage the hierarchies for logic synthesis
and layout should be studied.

In the future, we will extend our work to the architecture
U1 Select a node at the border of blocks as the currenor system level partitioning and complete a top-down design

T1 Fix the number of computations of gains according
to the size of circuit.

T2 Set one to the upper limit.

T3 Estimate the number of computations of gaing of
groups with the upper limit.

T4 Exit if the number of computations at T3 is reached
to the number fixed at T1.

T5 Increase the upper limit by one and go back to [I'3.

node. flow from the system level.
U2 Set the upper limit of sizes of moving groups o a

selection parameter. VI. REFERENCES
U3 Add the current node to the selected group. [1] K.Kucukcakar and A.C. Parker, “CHOP: A constraint-driven system--
U4 Increase the estimation number by one. level partitioner,"Proceedings of the 28th Design Automation Gonf.
U5 Exit if the estimation number has been reached to  pp.514-519, 1991

the fixed number at T1. [2] R. Gupta and G. De Micheli, “Partitioning of functional models of syn-

. chronous digital systemsProceedings of the International Conf. on
U6 Decrease the selection parameter by one. Computer-Aided Desigpp. 216-219, 1990

U7 Change the selection parameter according @ the (31 g.w. Kernighan and S. Lin., “An efficient heuristic procedure for par-
number of nodes adjacent to the current node{anc titioning graphs, Bell Systems Technical Journsfol.49, pp.291-307,
the blocks they are assigned to. 1970

U8 If the selection parameter is zero, execute U1L0). [4] C.M. Fiduccia and RM Mattheyses, “A Iinear-time heuri;tic for

U9 For all nodes adjacent to the current node, set the g‘;,p{‘;g'_“l%{‘eivgg;" partitions,Proc. of 15th Design Automation Cont.,
selected node as the new current node, and exgcut [5] I\/i.Matsum’oto, Y.Takai, C.lwasaki, and M.MuraokA,functional

U3 to U9 one by one. design method based on graphical representatidechnical Report of
U10 If some unselected nodes are left at the border, it [EICE, 93-ARC-98, 93-DA-65, pp. 73-80, 1993
goes back to T1. Otherwise, exit. [6] K.Nakatani, The evaluation of Bchart: a functional design system with

a graphical environment,DA Symposium '93, pp. 97-100, 1993
Fig. 9: Estimation of the Number of Computations of Gains
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