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4.2 HW/SW-Partitioning phase results with aevy good @lue forny; (1.94). Thus,

the partitioning seems to be good and speed-up estimation
was applied in order to determine the speed-up for the HW/
W-system.

We hare implemented this algorithm in C++ on an unix
workstation. Some general information about the
implementation shes table3. The SWimplementation

4.3 Speedup Estimation

(_:haraCter'St'C Value All data needed for computation of the speed-up has been
lines of C++ code 578 generated automaticalliis mentioned ah@ specification
lines of assembler code 7006 analysis and scheduling are performed before. The obtained
number of modules 104 data is gien in tables.Now the speed-up estimation can be
Table 3: Characteristics of benc - hmark cr ypt Component of estimation method Obtained data
consists out of 104 modules and ca. 7000 lines GiRER RTSW 11%
assembler code. This shethat the size of this algorithm is RTSW 18 orcl
; ; approx gcles
large enough that a HW/SVihplementation can be W
considered. And a more fine granular analysis, e.g., on data RT Schedule 6 clock steps
flow graph basis is hardly capable. But our specification Accol, 0.73
analysis can be performed rather quick. Theceeecution InstV 14
I nstSW 31
SA-Result | Note - - -
: : Table 6: Obtained data f or estimation method
R1 number of jump-operations per module
R2 number of bit-lgel-operations per modul computed easilycOD SpeedUp(crypt, fibonacci)= 8 %
R3 number of load/store-operations per modul A reasonable speed-up of the whole system of 8% has
R4 number of operations per modul been estimated. This indicates also that the generated
R5 control-dominance = (R1+R2) / R4 partitioning will speed-up the system. This could besedo
- - : by implementation and emulation of the HW/System.
R6 approximated maximal S\Wintime

Table 4: Results of static spec. anal ysis 4.4 Implementation and Emulation

o _ _ ) ) After speed-up estimation the moddibonacci_nhas
time is mainly deter_mlneq by the dynamic gnalyss.phasebeen implemented in HW using our synthesis BN
because the algorithm isxexuted seeral times with  This tool generates a multipter based Rlevel description
different inputs. The static specification analysis phase (SAf this module. The R_-description consists out of a
computes a detailed statistic about the used instructions aggntroller and a data path. The controller is necessary
derved in tablet. These results were automatically pecause the number of iteration which are needed to
computed for the crypt algorithm and are listed in taifter compute then-th fibonacci number depends on the
the most important modules. Some of these results ar§arametern. So loop unrolling is not possible. The
generated RL-VHDL description was optimized and

Module R1]R2 |[R3 R4 |RS |R6 mapped to a HW library using the Synopsys design
CompCiphring |53 |19 [65 [272 |26 |134 ervironment [19]. The optimized desigraw/transferred to
CompLralue 129 |23 197 |21 [229 a EDIF-netlist [17]. This netlist &s gien to the Concept-
contents 2 o 12 120 120 |21 S|I|c.o.n-SoftV\are' of Zycad [26]. T.hIS step is needed to

_ : partition the netlist for implementation of the emulator HW
fibonacci_n 4 |0 |14]381 |12 |18 The Zycad emulator isuiid up by tw boards. Each board
Table 5: Results of SAf or benc hmark crypt contains eight daughter boards and each daughter board

contains three FPGA components. The designer can chose
relevant for our speed-up estimation method (R3, R4, R6).aN automated partitioning process or partition the netlist
The partitioning task is based on the results of all four Manually During the last step the partitioned netlist is
specification analysis phases and classifies the modul8apping to the FPGA components (Xilinx 4010) [24]. The
fibonacci_n as suitable for HWmplementation. This complete circuit used 250Gtgs on the emulator and fits
module computes the-th fibonacci numberThe dynamic ~ into one FPGA.
analysis points out that this module consumes 11% of the Once the module is implemented runtimeeriments
system runtime. Figuré@ shavs that the memory analysis can be performed.df the same input data a speed-up of the



is  implemented in HW is  defined as:
CODSpeedUp(UUC,m) =
RTHW m InstSW(m
RTSW(m) x —Sg‘;d”'e( )+Accr§1‘é"m(m)><—'ssw( )
RT Spprox (M) Inst=¥(m)

This equation is based on three components:
o RTSW

SW: The moduleM; is transferred to HWI'he runtime

of the remaining SWpartition is reduced by the
runtime of M;. This huilds the basis for speed-up
estimation. Theoreticallythe reached speed-up cannot
exceedRT3W (Amdahl’s Lawv). An approximation of the

rel
real acceleration is determined by:

RT (hedul
—ng\‘/* £ This quotients compares dvstatic run-

RTapprox  time approximationsRTHW . = refers to
the number of control-steps on the longesfche path
through the finite state machine of the controller of the
HW-implemented moduleRTZY, . denotes the static
approximation of the »cution time of a SW
implementation. Here, the longestyalic path through
the data flav graph is rgarded. Both approximations are
static and considewrery loop only once. The quotient of

both approximations ges an rough idea of the speed-up

reached by HW implementation if no data transfers are

taken into account. But the aaiwtages of HW
implementation because of intevesiusage of inherent
parallelism etc. are tak into account. Because this is
only a static relation not garding ay influence of data

dependencies this quotient is related to the dynamic

runtime of the rgarded moduleM;. The speed-up

reduction of data transportation is captured by the last

component:
InstV . :
* AccW x : wherebyAcc3W  is determined by
I nstSW :
npt —1 representing the performance
improvement caused by data transportation. As

mentioned abee this impreement can be gative (in
relative terms AccSW <1) but this is only for data
transportation instructiongInst3V) relevant. So the
relatve improvement from data transportation is
weighted by the relate number of data transportation

instructions (nstV/InstSW) which is obtained from

performance. & this case stugywe chose a ciphering

algorithm [8] because ciphering algorithms need high
computation paer and are typical candidates. This
algorithm belongs to the class of stream ciphering
algorithms and is used for encryption of numerical
messages.

4.1 The Algorithmic Concept

The basic concept of the ciphering algorithm named
cryptis given in figured. Three nested loops aneeeuted.
The outer loop (line 1) isxecuted for each pair of inputs.
The given pair of intgers (input) is transferred into a binary
coding, e.g., the ASCII codeoFeach input a sequence of
pseudorandom numbers (PRS) is generated. The length of
this sequence determines the coding quality and can be set
by the designeke.g.,1000is a commonly used length. The
number of iterations of the first loop depends on the input
length. The second loop (line 3) handles eaheyof the

1 for each pair (n,m of integer inputs
2 conpute a pseudorandom i nt egr al
sequences N, M
3 for each value v of sequence N, M
4 converted v into a fibonacci
bi nary sequence vy, vy
5 for an appropriate t
6 performthe bitw se | ogical
sum of the central portions
of vy Vm
7 end
8 end
9 end

Figure 9. Ciphering algorithm of Filipponi
computed PRSs. Thus the number of iterations of this loop
is fixed by the sequence lengthorFeach walue a
representation as binary fibonacci sequence is computed.
This sequence contains only fibonacci numbers and the sum
of these numbers are equal to thadue in viev (v). So, this
sequence can be represented by a binecyov indicating
which fibonacci number must be summed up. The last step
is performed in the inner loop (line 5). The binary fibonacci
sequence ob both inpualues are combined by an logical
operator

That means, for the input pair (h, i) the gee pair (104,

specification analysis phase SA (compare with R3 anleS) is generated. Niothe PRS is computed, e.g., PIS(105)

R4 in tabled).

4. Speed-up Estimationdr a Ciphering
Algorithm

59922, 1914249, 5398140, 5398269, 5402268,
7924660... Each of thisalues is transformed into the
fibonacci binary sequence (FBS), e.g., FBS(222208) = (1, 0,
1,0, 1, ..., 0). The last step combines a part of these FBSs

For demonstration of our estimation method we presentby a binary operato”t has been shem in [2] that a

in this paper a case studwy this case study one algorithm
has been implemented andaeined. The estimation

method has been applied and the estimated system speed-

is compared to the xperimentally determined system

fibonacci binary sequence is unique. Based on this sequence
a fairly satishctory ciphering sequence can be generated.
Yee also [[Fi96]].



design. module. In principal, the HVgartition is lild up by seeral

modules and implemented on one special function

processarBut the presented performance model and the

estimation method capture this alse Wéfine the HW/SW

system (UUC=Unit UnderCodesign) as set of all modules

* RTRV: The percentage of a modules absolute runtime ofneeded to specify the system. The runtime of a pure SW
the eecution time of the Svimplementation of the  system can beuild up by the runtime of all modules
design. (RTSW(UUC)= & RTRN)

. mod
3.2.3 Farameter Analysis with mod OUUC. Transferring one (or more) modules

Furthermore the inteate problem comes into (M) into HW reduces the S\partition’s complexity and
perspectie. Olviously the module parameters and the .0 sw O . .
computed results also must be transferred from SW to Hw/untime Dm; MiRTmOdD' Additional runtime is consumed
and vice ersa. This may lead to a performance reduction
due to data transportationoiRthis reason we analyze also
the module parameter during the static specification
analysis phase.

* RT3 age: The aerage of all gecution times per
module found during the wholexecution of the SW

implementation of the design.

by the HWpartition itself RT™") and additional data
transportation '?TSW) must be performed. The runtime of
the HW/SWsystem can be summerized as:

HWSW = SW
3.2.4 Memory Access Analysis RT (ues= mo; MIRTmOd

Using high-leel description languages data access is + RTHW(M;) +

often described by references to memory addresses. Some DTHW(M,) —DTSW(M))
of them are local dataalues others are of global range and
stored in main memoryThe number of accesses to main  In figure8 the characteristics denoted RyHWSW are
memory can only bevaluated during runtime because of pointed out. All data transport to main memory is handled
data dependencies. In our approach the \befws by SW The HWpartition has no direct access to main
description is read by a parser and automatically modifiedmemory Due to our HW/SWnterface this data transport
in order to generate a protocol of all memory accessesan be gecuted ery eficiently. Also the memory hierargh
during the application xecution. The modified of the standard architecture is not restricted. So full cache
specification is compiled to axecutable and test pattern usage can be priled for the HW/SWsystemThe speed-
are applied. The generated data xarined during the
design &ecution and the number of local and glotedd

SW SwW

R N

accessems well as the number of local and globaite \SW W

- RAM[«—>f1  for RAM [¢—» HW
accesse$o main memory are computed and transferred to Wodul M Motul M,
the central codesign data structure (module graph). Thus an bommm
automated procedure is pided to generate all data z RTSW,
necessary for the computationrgf . (a) o (b)

All four phases of the specification analysis task are Figure 8. Data access fr om SW (a) and HW (b)
performed automatically and pfide detailed system

characteristics. Because desigeaution instead of design
simulation is used the runtime consumed by specification
analysis is ery short.

up of the HW/SWsystem is strongly influenced by data
transportation. An implementation as HW/SWétem is
only suitable if the runtime reduction by a HW
implemented module is not payed with more additional
3.3 Rerformance Model br HW/SW-Systems runtime for data transportation between the partitions. In

SW _ HW HW _ SW
The single aspects of HW/S®ystems presented aleo formal termsRT RTZH(DT DT=)

must be intgrated into a performance model. This model  The important influence of data transportatiornvident.
considers: Based on this performance model our estimation method

« the whole HW/S\system approximates thesefetts.

+ all data transports 3.4 Estimation method

« and the performance characteristic of the-Haftition. The abstract performance model is approximated by our
. ) estimation method determining the speed-up reached by a
In this paper we restrict ourselv to a HW/SW  pw/Swimplementation of the initial SWystem. Speed-
bipartitioning which contains one Spartition containing  yp js understood here as the reduction of system runtime in
several modules and one Hpértition containing only oné  percent. The computed speed-up reached per module which



Beside the type of the data access the number of datanalysis and can be performed automaticallje net
access is important. If a SiMplementation is in vig the paragraph ges a brief wervievw over the specification
analysis task. Details are presented in [11].

Implementatio Software Hardware L. .
P ! 3.2 Specification Analysis &sk
Categor local lobal | local lobal . L . L
gory g g During specification analysis a design is thought of as a
Ar chitecture R{W|R|W|R|W/ R | WP set of interacting modules. The suitability of each modul for
cache, eipelined 2| 3|23 |1]1] 6 9 HW-implementation is xamined during four phase$he
interface.
without cache 5|6 |5 6 | 1|1 9 12 %
simple interface 2 3 2 3 1|1 30 30
serial interface 2 3 2 3 1|1 2200 2200
(115 KBit/s) NU g CGNU g+ D

executab le

Table 2: Data transf er characteristics

a.read b.write
dala

time for all data transportatione{S") can be determined
as the sum of all data access weighted by the correspondin
static anal ysiIs

access time.df a HWimplementation the time for all data [ Zrrcieranal ysis|  [memory analyss | PV,
transportationsi THW) can be determined in the samayw \
Only the adequate constants describing the HW beha

are used. The fects of the diierences in data Figure 7. Specification anal ysis scenario
transportation between HWand SWimplementations

depends on the number of data access. In practice thanalysis task tasstatic aspectySA), dynamic runtime
number of main memory accesses per modidees characteristics (B), parameter transportation costs(PA)
enormously Thus the data transportation aspect mayand main memory access(MA) into account. These
decrease or increase the system performance. This can [&pecification analysis Phases result in a cestor
expressed by an fifiency coeficient ny; derived from Y = (SA DAPA MA)O IR". In figure7 the analysis
data transportation: scenario is presented.

_ DTV 3.2.1 Static Specification Analysis
Mot DTHW

) _ _ Static specification analysisamines assembler code
If Np is smaller than 1 data transportation will reduce without execution. A laver bound on thexecution time for

2,00 1 a SWimplementation is computed. Also the number of

};28: jump instructions and bitdel instructions, e.g., AND,

1,38: EXOR per module are counted because these instructions

100 can be gecuted in HW much quiek than in SWE.g., the

8:28 ] comparison of tw single bits can be done in HVEry fast

0,40 1 by only one gte. A SWimplementation e.g., for a pipelined

a0 ] architecture needs ongate at least. Hoever, in order to

e & Q@ & s q}@?’ 0&& reach a reasonable speed-up the accelerated module must be
& @’&\ M ¥ of an appropriate size. The approximated runtime of a SW

Figure 6. np; for some benc hmarks [1] implementation is interpreted as heuristic definition of the

) ) _ module size. These aspects determinestheomponent of
the system performance otherwise aifplementation of  the cost ector

this module increases system performance because of data ) e _

transportation. Our codesign architecture (cha@egris 3.2.2 Dynamic Specification Analysis

described by the parameters of the first architecture Dynamic specification analysisx@mines the runtime
(table2) due to tight coupling of processor and specific HW behaior. Profiling data generated byezution of the SW

Figure6 shavs the detailed results for some benchmarks. implementation of the design is analyzed. Considering a
Depending on the number of global data accesses a syste?ﬁngl_e mod_ule three aspects, the_ absolume,ra@e and
speed-up can be reached (KMfed, kalman, fibonacci). relative runtime of a module are &k into account:
npt IS limited by 2 due to the architecture parameters. The « RT3 : The time consumed by a module during the

abs -
computation of) 5 is subject of one phase of specification ~ whole eecution of the SWmplementation of the



because there is one communication iaieef Both the number of SFSUs. The necessary SFSU selection is
partitions may contain geral modules. A module is realized by an additional inputgister The number of
SFSU is limited because of technical reasons!fo This

SFU |« CPU |« Flggmg- SFU structure requires no modification of theteen
A A ¢ Tumt Addl’BeuSSS environment. | -
7 S 5 l l 3. Speed-Up estimation
v : t t Data Bus With respect to this codesign architecture the COD-tool
Cache Cache Cache partitions the system specification in a Hsvid a S\part
Controller T T in order to speed-up the whole system by adding a capable
and MMU Control Signals amount of HW For speed-up estimation the time for data
Mbus (64-bit multiplexed data/addess his) transportation is approxmateq and based on the resu_lts of
specification analysis the entire speed-up is determined.
Figure 4. Standar d configuration of a spar ¢ First the problem of data transportation is discussed.

architecture [3 .
3] 3.1 Data Transportation

defined by a procedure (or function in ‘C’ syntax) of the  Data transportation influences system performance
system specification. A module is understood as smallesenormously [15]. Considering a Skdplementation

unit that can be transferred from SW to HWhus the different types of access to data cause data transportation in
designer can influence the partitioning processaying some kind. &blel distinguishes four types of data access
the size and the number of modules in the systemand defines twaccess cag@ries. In addition each caiary
specification.

. . . Types of data access Access categor
2.2 Structure of the Specific Function Unit P o
_ . . _ access to global data Aql ob
The HW/SWinterface preoides fist data and instruction

. . parameter transfer A| oc
transportation. Instructions for data transfer and status —
information are implemented. Details can be found in [14]. access to data via pointer | Ag)op,
Application execution may be gided into three parts. Input access to local data AI oc

read, result computation including handling of temporary
data and writing back the output arefeliént tasks to
perform. Generallythese are not sequentiallxeguted.
Input registers, a data path computing the results, result
registers, and a controller must beyid®d. W call the data
path specific function HW (SFHW). A blockitd up of this

Table 1: Classification of data access

distinguishes a read and a write class of data access. In
practice the xecution time of these data accessayand
depend on the system memory hiergrcBut the tvo
catgyorieslocal data acces$A,,.) andglobal data access

| (Aglob) can be identified clearlyA more detailed

Pipelined | classification distinguishes first and seconelleaches and
CPU/SFU |« Specifi main memory as well aew slav secondary storage (disc,
SEU- R pecific : 4
Interface Bus HW tape). The runtime beh@r of the system memory
— hierarcly depend on the operating systene Ygard such

effects as ®ternal influences not to be considered in this
Figure 5. SFU structure contxt. However, the time characteristics of the defined
catgyories are olously not the same for HWand SW
implementations. This is a critical aspect for system
performance. Depending on the gtation concept access
from the HW to main memory can becomgremely slov
d[21,7]. We epress these architecture characteristics

four units is called specific function sutit (SFSU). In
figure5 a high-leel block diagram is gen. The number of
input and result @sters can be aried due to the
implemented application up to 32. This SFSU is connecte

to the HW/SWinterface via a 46 bitds. This lis consists . . .
concerning data transportation by eight constants related to

out of 32 data bits, tatimes 5 bit to address input and result : . .
. . both data access cgtwies and their classes. This constants
registers and some control and status bits. Such a SFSU is

. o parameterize the speedup estimation task.pésent the
complex enough for aariety of applications. But there are - ) ) . .
o X ; . characteristics of four dérent architectures in tabk This
also applications using more input or resulyisters.

parameter concept alle speed-up estimation foamying
Eﬂgﬁirtmhic;rzct{] t?]ree gp‘)zzigc HWl :::fgﬁ:ﬁ%%pg:g;ﬁcﬁxv sparc based architectures withfelient HW/SWinterfaces.



a high lerel synthesis tooBYN [9] and seeral front/back  demonstration, we apply thevadoped speed-up estimation
ends (C/C++, behdoral VHDL, RTL-VHDL, BLIF, method to a ciphering algorithm [8]. The estimated speed-
KISS). Also re-synthesis fromTRevel is supported [5, 4].  up fit the speed-up determinexperimentally

Based on this efronment an automated designvildown
to RT-level is provided. Starting the design flowith HW/
SWpartitioning the COD-tool performs geral phases of

specification analysis as described later on. The desig verview over the specification analysis task of the COD-
specification will be partitioned in order to accelerate the tool is given (chapter3.2) and the performance model for
overall computation speed. The tasks performed by CODHW/SV\/—systems is defined (chapt@3). In chapter3.4

The rest of this paper isganized as follws. First the
codesign architecture is described (cha@ernn chapter3
data transportation costs are classified (chaftd), an

@- system specificat@] the estimation method itself is presented. Our approach is
____PMOSS __ demonstrated by a case study (chap®r Finally a
| specification analysis| CODSpecAna : conclusion and some remarks to futurarkvare stated.

2. Codesign Achitecture

|
| |
—>| HW/SW - partitioning | | CODPart :
g v —— | | q : This subsection ges a shortwerview over the intended
speedup fstnmatlon | CODSpeedUp : HW/SWarchitecture. As suggested in [12] our codesign
|imp|ementation of HW| : SYN : apprc_)ach )etend;, a pwerful _standard architecture by some
S zycad T specific HW (figure3). This praides the computation
| emulation | | ConceptSilicon |
Figure 2. HW/SW -codesign flo w (a) and in volved EEEs HW
tools fr om our design en vironment PMOSS (b)
standard architecture special function unit
are shan in figure2. The HWpartition is passed to HW Figure 3. Target system ar chitecture

synthesis. Finally the synthesized HWartition is

) . f the host ipelined RISC
integrated into the tget system. Nw, the performance of power of the host processor (e.g., a pipeline

4 . processors) as well asast specific HW for special
the implemented HW/SWystem can be determined after applications. But it is important, that the features of the

|mplementat|pq, €.9. i appropr.|ate benchmarks aee e tandard architecture can be obtained also for HW/SW
cuted. But this is a time consuming process and runs out ofmplementations E.g., mararchitectures prdde a \ery
stream rather quickly if the partitioning process suggestsg Y

2. . . 99 ast cache which accelerates the data handling enormousl|
several capable partitions. This can b@ided by a priori 9 y

If a HW/SWimplementation disables the cache usage, a

performance estimation. But performance estimation mustSystem speed-up can hardly be reached. This leadety a v
regard not only the HWartition it the whole HW/SW tight coupling of the standard processor with the specific

system. At least, there are three problems which must b‘?—lw and requires a processor specific irteef between

solved: both parts. But in this &y a fist data transfer between the

1. Beside the runtime comparison of a modulé&l\W HW- and the S\Wpartition is reached.
implementation with the corresponding SW
implementationdata transportation from and to the
HW-partition must be tan into account. The specific HW and the HW/S¥iterface (figure3)

build the special function unit (SFU). The SFU is kdkio

the standard CPU by a special coprocessor port. If this port

is not supported by some processors the aterfinust be

modified and a DMA unit must be igg&ated. But e.g., the

the most important &fcts of the runtime bekir of a SMRC processor p"."des the coprocessor intack and a
HW/SW.system. stapdard conflgurathn of the pasu:_ components (each

available as single chip) and the igtation of the SFU is

3. Performance modelvaluation is rather important. All  depicted in figuret. This interfice concept alles the host
necessary data must bgtracted automatically form (standard cpu) to control the SFU. Both units can be
the HW/SWsystems specification. activated together and all data transfers are pipelined.

In this paper we suggest a solution for these prOb|em§:urthermore, his concept implies a bipartitioning of the
and present a speed-up estimation methodr F system specification into one HVEnd one SWpartition

2.1 The chosen Interface Concept

2. An accuratgperformance modelfor HW/SWsystems
is necessaryThis model must be simple enough to
handle lage systems of e.g.,\wal thousand lines of
code and it must contain all details necessary werco
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Abstract cases time constraints for real time applications can be met

if HW/SW-codesign is introduced. The aim of partitioning

HW/_SWcodesign has 'P.ee’? applied to a widage of is the acceleration of the time critical part of the application
applications. Seeral partitioning methods have been [25] Other approaches optimize a HW/SW

suggested. Thus the designer selects modules for HW ot : ; .
SWimplementation for the best possible performance implementation. This leads to a design of the sameviigha

within a set of performance and design coaistis. This _bUt with a minimized H\Aparti_tion [20.]' This is necessary
paper describes an estimation method to apimate a if the design ewvironment restrict the size c_Jf additional HW
priori the entie system performanceThe estimation ~Furtherapproaches are not constraireiriut focusonan
method has been igeated into the codesign tool COD and overall system opt_lmlzanon. The most mjnportant aspect is
first results could beeneated. The estimated speed-up has the computation time of the whole application. HW/SW
been determined for a ciphering algorithm and has beenpartitioning can raise the system performance significantly
compaed to the speed-up of the eatlW/S\Wsystem. The  and a trade-ébbetween flgibility and performance can be
estimation speed-up métes the final speedup. determined [13, 22]. This is especially interesting because
. standard components and standard architecture concepts are
1. Introduction used and x@ended by special purpose components which
During the last decade raising computingvpo and are application specific. But sal efects of HW/SW
complex synthesis tools as well as decreasing chip size duePartitioning may reduce the system performance, e.g., data
to technology impreements lead to a highervid of transfer between HWAnd SWpartitions are gry expensve
automated design combining H\Wnd SWcomponents to ~ and time consuming. Of course, these costs depend on the
HW/SWsystems. It has been pointed out that the chosen architecture as well as on the HW/htitioning
partitioning process is rather compleand diferent ~ and it is dificult to quantify the reached imprements
approaches va been suggested [23]. Some approaches usconsidering system performance a priori because not only
estimation methods to capture the problem corifgleln < System specification
[16] an estimation of the partitioning costs is presented. The (VHDL or C/G++) )\ _
estimated partitioning costs are used as partitioning criteria RN HWI SW'COdeS'gf
Derivati - VHDL cic++ |.a— | (COD)
erivations between estimated and real costs may occur du front-endl |front. end
to synthesis, compiler and communicatiofeetls. Further
estimation approaches consider the-Sakt. If constraints
form the emironment can be met by a SWiplementation
additional HW can be v@ided. Therefore a detailed re-synthesis
estimation of SWperformance is necessarin [10] an RTL-VHDL BLIF/KIS (REPART)
estimation of SWperformance is suggested. Based on a back-end | | back- end
data flav graph a delay estimation is performed. Li and
Malik use ILP to determine the bound on the running time
of a given program on a gen processor [18]. This solution the HWpartition must be in vig but the whole system.
considers all program paths implicitly and thevavacks of ~ Therefore we ivesticated in this subject and in this paper

static code \eluation are eliminated and more precise We present a me estimation method approximating the
information is obtained. speed-up of HW/SWgystems. Our estimation method is

parameterized by the characteristic of the architecture and
can therefore be applied tofeifent codesign architectures.
All data needed for speed-up estimation is generated

synthesis
(SYN)

central
da?a ase

Figure 1. PMOSS - design en vironment

Beside diferent estimation and partitioning methods
different goals of HW/SWpartitioning are in vie.. In mary

automatically by our design @imonment PMOSS [6]. This

The authors would like to acknavledge the support povided by environment (figurel) integrates a codesign to8DD [11]
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