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{57) Abstract: A system is prvided to increase the accessibility of registers and memories in a user’s design undergoing functional
verificationin a hardware-assisted design verification system. A packet-based protocol is used to perform data transfer operations
between a host workstation and ahardware accelerator for loading data to and unloading data from the registers and memories in a
target design under verification (DUV) during logic simulation. The method 2nd apparatus synthesizes interface logic into the DUV
to provide for greater access to the registers and memories in the target DUV which is simulated with the assistance of the hardware
accelerator.
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15  hardware description language has to be verified for its intended functionality before it is

compiled to generate the final netlist for manufacturing. This design verification task has
long been associated with logic simulation.
| A hardware-assisted design verification system uses a hardware accelerator to enhance
the performance of logic simulation for a class of design verification tasks that require higher
20  performance than a software-based verification system can provide. The hardware accelerator
is a specialized logic simulation machine consisting of a large number of logic processors,
each capable of shnulatmg a logic gate. For example, the U.S. patent 4,306,286 “Logic
Simulation Machine” issued December 15, 1981 to Cocke et al. discloses such a logic
simulation machine. It is noted that it is possible to perform verification without using such a
25  hardware accelerator.

One type of hardware device useful as a hardware accelerator is the Cobalt™ product
from Quickturn Design Systems, Inc., San Jose, California (the assignee of the present
invention). In a typical hardware-assisted design verification system, the hardware accelerator
is connected to a host workstation, which runs a verification contro! program to load the

30  compiled design under verification (also referred to herein as “DUV” or “nser design”) into
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small number of signals in the DUV during logic simulation. In that case, the interface

control program in the hardware accelerator first identifies the requested signals, locates them,

reads their values, and sends them back to the host workstation.

20 Signal visibilify operations usually include not only operations to examine the
intermediate value of a particular signal but also operations to deposit a logic value on the
signal for subsequent simulation steps. Using these basic operations, the user can examine the
value of a register or deposit a value on the register by accessing a group of signals
corresponding to the register bits. By accessing a group of related registers, the user also can

25  write data to or read data from a memory. ‘

In order to take advantage of the advanced semiconductor chip technologies, an
increasing number of DUVs include memories of large capacity. With the conventional

signal visibility operations, it takes a long time to load data to or unload data from the large-
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an exanmmefwpdehys.oThé diselosure of U.S. Patent No. 5,721,953 is incorporated herein by

reference in its entirety.
The output signals are assigned to the bits of the output data buffer, while the input
signals are assigned to the bits of the input data buffer. For an examine operation (i.e.,
observing or reading the value of a signal), the verification control program initiates a dat_a
20  transfer to send the signal values stored in the output data buffer to the host workstation and
selects the values of the requested signals. For a deposit operation (i.e., writing the value of a
signal), the verification control program assembles the values to deposit and initiates a data
transfer to send them to the input data buffer in the hardware accelerator. Additional wiring
and logic components required for interfacing to the DUV are synthesized when the DUV is
25  compiled for logic simulation.
The wiring and logic components synthesized for signal visibility operations are not
part of the DUV, but virtual components merged with the DUV for logic simulation. Virtual

logic components are often used for a testbench that generates inputs to the DUV and checks
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P Time—Mlﬂtiplexegd Interconnect” Fi)ss%{ed Septembe% 2%, 1999 to Sample et al., which discloses

a hardware emulation system that time-multiplexes multiple design signals onto physical logic

- chip pins and printed circuit board. Another disclosure relating to time-multiplexing is
disclosed in U.S. Patent 6,020,760, entitled “I/O Buffer Circuit with Pin Multiplexing” issued
20  February 1, 2000 to Sample et al, which discloses an integrated circuit for implementing
reconfigurable logic with an input/output buffer circuit time-multiplexing at least two signals
onto an input/output pin to increase the effective I/O pin availability. U.S. Patents 5,596,742,
5,960,191 and 6,020,760 are incorporated herein by reference in their entirety.
Although these time-multiplexing methods can effectively increase the number of
25  visible signals ﬁrough the data buffers, they do not address the performance issue in
accessing the registers and memories in the DUV. Grouping of the signals.required to access
a register or memory can reduce the overhead incurred by gathering and scattering the bit

values for the signals in a group. This signal grouping method may, however, impose severe
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An enbodi nent of the present invention uses a new packet-based protocol to
perform data transfer operations between the host workstation and the
hardwar e accel erator for | i Pa.Th% Nﬁ&@di ng data fromthe

regi sters and nenories in

An embodiment of the present invention uses a new packet-based protocol to perform
data transfer operations between the host workstation and the hardware accelerator for loading
data to and unloading data from the registers and memories in a target design under
verification (also known as the target design or user's design). The protocol may be based on
\}ariable—size request and response packets. A request packet may be an incoming packet from
the host workstation to the hardware accelerator and includes a command, an argument, and
optionally data, while a response packet may be an outgoing packet from the hardware
accelerator to the host workstation and includes read data from the target register or memory
in the DUV.

In an aspect the present invention, a method for compiling a user's design is disclosed
where all the memories and registers in the user's design are identified. After the memories
and registers are identified, accesibility logic is synthesized into the user's design. The

accessibility logic comprises access ports to the memories and registers.
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sai d oufy8icAgTae Ketodedeicirerd qammand eReqRHoNJRRIG i e m Said 36 4istEShand
decode oN I pterd 1 .Gl i Sal: i ries
B e e s R S e S gk LA

provi degesd caRiniRd detoded At fes bahign@deddde kific; as aderficetlogio intbrdgiing faid
providing access to registers and nenories in a target design when
per f or mireggstéra ned mgniiey vrafd eeget designsi ng a har dware accel erat or,

et oy | DS Ayt GhE et Savealiof, G HEROVRBS K Hlemctfb S, hEMITRE o

' packet-based protocol logic for providing access to registers and memories in a target design
when performing functional verification using a hardware accelerator, comprising:
determining fixed sizes of a request packet, said request packet comprising tag, command, and
data end fields; counting how many of the registers are present in the target design; counting
how many of the memories are present in the target design; determining a maximum
identification field size of said request packet; determining a maximum number of data bits of
the registers in the target design; determining a maximum number of data bits of the memories
in the target design; determining a maximum number of address bits of the memories in the
target design; and determining a maximum number of bits to send the register data, memory
data, and memory address to the target design to determine data field size of said request
packet.

In an embodiment of the present inventions, a unique identifier is assigned to each of

the memories and registers in the user's design.




- data end fields; counting how many of the registers are pre§§gﬁmi@%%he
target design; counting how many of the nenories are present I'n e target
design; determ ning a maxi numidentification field size of said request
packet; determ ning a maxi mum nunber of data bits of the registers in the
target design; determ ning a maxi mum nPber of data bits of the memories
in the target design; determ ning a maxi num nunber of address bits of the
menories in the target design; and determ ning a maxi num nunber of bits to
send the regys &&.rangﬁ BRAREY of fi FreseANhvERIBN, WredelsGB ity Rgid\QmifHsa$!
design to determne data field size of said request packet.” In an
enmbodi neelkctiig 1bgie. Tiieseedting Mvgiaisi adapted & teoeige theiuddniciidéntifier sndsebicgmed t o
each of the nenories and registers in the user's design. 20 April 2005 6a
In yet andichlar ormeiche memorigs or igsisisreidhe uieRy Befign, the accessibility logic

[ | ecti l.ogic.  Thi | ecti logic isS. ted t ecaeive th
unt Gue 1 dent 7t parhd Rty SEnR piGpaty ot Bree i BRRRNET hBrbRETlR  or
in the Wsehd$offs Whte tb AR g oﬁ%?ﬁfe%%ﬁ@;s ok R RES HeiE uisé}‘é?lﬁgiﬁﬁ.n, the

accessibility logic conpri'ses logic to rea romor wite to

- particul ar omeyeafanbiher embmlimest ofithe wgsent mvention, tHeacuseibilsy thesd gumprises yet
anot her enbodi nent of the present invention, the accessibjlity logic
conpr i sdgcodgdemelthat wgrives epmmeansdsdrope 3 hew #rd feriraly errcatioebreadiae athi r ol s

execution. of reading and witing.of dapa to,the nmenories and registers in
t he usewfglﬂéé%?‘g‘ﬁ.“’ %Westai}dﬁ%@?g lqﬂ{gqsgr u‘%gllgnanq response packets, a
protocol int efhaeeol RgR HBkqR&t afVRERARE BR%kA! a PRAGYOI BitdrfdtR 10Y¥i thaly e Si ze
paranmeters of the registers and nenories in the "target DUV and is

si nul at eyhthésiZedtaheorpitegirhe DY th sizemparamaters ofttlee gistdnesidzeemprics io dlod
interface Iogi c may include packet registers, a finite state machjne, a

, commnf:ltf}ié@ f |agg iscsimylatedgpith g targ Vot runsng. Thesgmthedizedprotosal and write
ont . i dat.a .l oadi i ti 0
- equest HAREIRE g RGP 8 hers TRRE L pPRELE, § Eltfmald 40U HERORC

wor kst agh@hasd dx@XE6MIRE, bikea ARATEHAhnERERE eonttd) 1646 fRMetedbadihg adche  command
is a data wite request, the protocol interface logic may wite the data in

t he packeloadinpgbperatienst Emgot daceds stegnesd packehfrom thowerification téntrd pragsarmand i s
a data read req t he protocol i

AT X N SR R TR R R
host wo E&%}Il%}lh Wk data write request, the protocol interface logic may write the data in the packet
~ into the target register or memory location. If the command is a data read request, the protocol
interface logic may read data from the target register or memory location and send it in a
response packet to the host workstation.

The above and other preferred features of the invention, including various novel
details of implementation and combination of elements will now be more particularly
described with reference to the accompanying drawings and pointed out in the claims. It will
be understood that the particular methods and circuits embodying the invention are shown by
way of illustration only and not as limitations of the invention. As will be understood by
those skilled in the art, the principles and features of this invention may be employed in

various and numerous embodiments without departing from the scope of the invention.




The above and other preferred features of the invention, in%b%cﬁrirgodéari ous
novel details of inplenentation and conbination of el ements w now be
nmor e parwod3/0e¥0y described with reference to the acconB&BESHEE#aw ngs

and pointed out in the clains. It will be understood that the particular
met hods and circuits enbodying the invention are shown by way of
illustration only and not as limtations of the invention. As will be

understood by those skilled in the ar?, the principles and features of
this invention may be enployed in various and numerous enbodi ments w t hout
departing fromthe scope of the invention il 2005 WD 02/063507
PCT/ US01/ 50388 7 BRI EF DESBREPDES R AR asnce is made to the

acconpanyi ng,dt awi ngs i i ch ar ho ilutr'v ) e i of
aspects of © ﬁé@{%@%mﬁ,t%%%cwmw%@%wm @ ﬂienah%‘)lilh%@%"gé will be
appar engmb&difnksits of adpec o HRGKvHtBA] et SfhidhibveliRhReds s Sdeditides will bat i ng

the protocol interface |ogic synthesized for an exanpl e desi gn under
veri fi ceppasamt.or DUV. Fig. 2A is a block diagramof the register blocks in

t he exanpl e coup| Wih t [ Iy . | agi - i 1S a
bl o di agr aﬂgt\)/} 5% oﬁ]g%m?tg@ﬁg@q;%&?ﬁsgé%%lgﬁﬁpﬁﬁ%pg%%qlﬁe l\%\na%eﬁ%l ?(0 t he
pr ot OCObyrkiitisied inlcRainple dobign uBdérsverifisitioaidr ®LIW) ock di agram of the packet
I/ O bl ock of _the protocol interface logic. Fig. 4 is

] ) . ftdtailed bI_ctl}<l
di agram of tRig #diot plogk diagrsn pf Geregiston lacks in thesxpmp %Pﬁ%%?@@leﬂa@ﬁ'c. €15
Fig. 51 A ock diagram of the read data bl ock of the protocol
interfaé@tq%gglﬁéﬁac%?oé%ﬁ is a chart of protocol conmands handl ed by the
prot ocol i ntPRigf 2B és 4 blpkk diagiagn of/the Snemottg bhickeih the exdmple BFVicvwfled wih conmand
decode bl ock of the protocol interface logic. Fig. 8 is a diagramof the
st atles Hhadgretoeol intesfagedogitons of the protocol interface logic. 20 Fig. 9 is

a detail ed F%%f% _is.dai GG b K Aiferabh e Rtk st 0 Bloek lof e JrBR oAl iRfeABSS

K]

i nterface
logic.

- Fig. 4 is a detailed block diagram of the memory address block of the protocol
interface logic.
15 Fig. 5 is a detailed block diagram of the read data block of the protocol interface logic.
Fig. 6 is a chart of protocol commands hqndled by the protocol interface logic.
Fig. 7 is a detailed block diagram of the command decode block of the protocol
interface logic.
Fig. 8 is a diagram of the states and state transitions of the protocol interface logic.
20 Fig. 9 is a detailed block diagram of the state control block of the protocol interface
logic.
| Fig. 10 is a detailed block diagram of the read/write control block of the protocol
interface logic.
Fig. 11A is a timing chart of the execution of register write commands in the protocol
25 interface logic.
Fig. 11B is a timing chart of the execution of register read commands in the protgcol

interface logic.




Fig. 10 is a detailed block diagramof the read/wite contr%b Hﬂﬁ#ﬁpf t he
protocol interface logic. Fig. 11Ais a timng chart of th& eXecution of
regi st er Wird2{063%dnmands in the protocol 25 interface | oBCEUSFI/HPISBIB is a
timng chart of the execution of register read commands in the protocol
interface logic. 20 April 2005 WD 02/063507 PCT/USO1/50388 8 Fig. 11 Cis
a'timng chart of the execution of nenory wite commands in the protocol
interface logic. Fig. 1 IDis a timng8chart of the execution of nenory
read conmands in the protocol interface logic. Fig. 12 is a flow chart . of
the conpile-time steps to generate the protocol interface logic. Fig. 13 is
a detail ed fFignl b0 timing dharied thexatuton of inauney wrise coomapdsindhepratogol or
the protocgol .interface logic. Fig. 14 is a detailed flow chart of the
construE??%ﬁekmg?he conponents of the protocol 10 interface logic. Fig. 15
is a flow chafd 10b id MEmAMNCHABE 1RPSAHRTT nhddior§ réad dmirRindgfin tHegrddbbolwi t h
the protocol Tnterface logic. Fig. 16 is a code listing of the definitions
and decfimgrficcedogic.of constants, variables, and functions used to describe

1ietfhg of R Thi PR BRHPER sobh SR ien WPhtuele piastoo Ml BRI (o

the projgenl interface logic. Fig. 18 is a code listing of the functions to
wite register, read register, wite nmenory, and read nempry with the
protocol i nt Big 43 3 dajpiled Sy cheriefithyrrapnutitionoidhe piotopaEfieltsizeefantheryr ni ng
to the figur h resently preferred apparatus and net hods of the
presentpml °\9F‘r$1"ﬁr}6"‘ﬁg%m 1‘? now be described. Afirst step is to identify
menori es andFige ¥ & Lddailsdeiantharioftthecdlsivuction oftiee components of the protocol

10 interface logic.
Fig. 15 is a flow chart of the run-time operations for simulation of the DUV with the

protocol interface logic.
-Fig. 16 is a code listing of the definitions and declarations of constants, variables, and
finctions used to describe the operations with the protocol interface logic. ‘
15 Fig. 17 is a code listing of the fimctions for sending packets to and receiving packets
from the protocol interface logic. | '
Fig. 18 is a code listing of the functions to write register, read register, wrile memory,

and read memory with the protocol interface logic.

20 DETAILED DESCRITPION OF THE INVENTION
Turning to the figures, the presently preferred apparatus and methods of the present

invention will now be described.
A first step is to identify memories and registers present in the DUV. In one
embodiment, this first step involves identifying all of the memories and registers of the DUV,
25  Inanother embodiment, this first step involves identifying only a subset of the memories and
registers present in the DUV. In this embodiment, the user must identify those memories and
registers that are of particular concern or interest. An advantage to only identifying a subset
of the memories and registers of the DUV is that the DUV can be compiled for verification




enbodi nent, this first step involves identifying all of thezér?\gulr%’oﬁ)g and
registers of the DUV. 25 In another enbodinent, this first B ol ves

I dent i f ywigg26as3p7a subset of the nenories and regi sters BCFASALSG3B8 t he DUV.
In this enbodi ment, the user nust identify those nenories and registers
that are of particular concern or interest. An advantage to only

I dentifying a subset of the nenories and registers of the DUV is that the
DUV can be conpiled for verification 29 April 2005 WD 02/063507

PCT/ US01/ 50388 9 nore quickly. However, by only identifying a subset of the
menories and regi sters, the advantages provided by the various enbodi nents
of the plesquitklyn¥rnieverbwohly ibentifying b eobsevof thh asmaips and registesphé es and
registers identified. As wil] be discussed in nore, detail | qw,., "pnce t he
menor i e30ARREFERO¥IdsE BY MR YATgEE F QfgWF’PtF 0L the RrEREPT TRYERTIGREW 3&‘@’3‘3‘@8 t hat
each 5 | | Fiee . Is a el ' b iih econd
step i sh%ggésﬂftﬁ%ﬁﬁgg:é@gﬁ%%a&ag%ﬁgl? 1§Méqﬁﬁe%eﬁggvégg b?%b% ‘flﬂﬁ]sg& %L“J\r/ﬁﬂﬁihefasﬂ lgﬁ?]‘?’hesi zed
| ogi ¢ wbhde the menmieies anbregistars hive beeyidentified, they mustbe hwxe@mﬂlaﬁdaeé in the

first step..The logic ,synthesized in.this second step will be discussed in
det af | ngﬁ‘aﬁﬁfpmﬁmgﬁh@}dafﬁél%s Wq'f%fignmé‘?m hesi zed logic will conprise
sel ecting | oghe sddAall stef G0\ RihbdILe MPicANS wWilldRltadbéPlo-tHe DAPS.STRs AphtRxNE SO

that a particular menory or register can be accessed for reading or
wr i t i nglogithwill prioviflesivess tosthe gistere pndmemorias idegtifiedintthe fiest sipp. Thglogicer s and

nmenories. .This.st will als e.di Scuss b reaier il I Fig. |
e b itz i iPsettnd s B B SRR S, cihenkl BolvebE % 7' 2
1 showgydapdsivel 66l a8l sompristaelevsid Tobiahit@Bccives e Wlqueidentifiepdisoudsbé | ogi c
synt hesized to 15 provide nuch better access to _the nenories and registers

of lthe Bwyes0 thatiagarticulanovemary posgistansakbe acceensd for reading of wHtiDg.a a

conmuni cati on, cha | .14 to a har r C L: s tes a
desi gn underTg%ﬁnﬁnsg%:#glhes?wﬁcr?g%gg)&&[tﬁgﬁﬁeﬁsg%% (ll?ljte}gﬁlg%e ogic 40
synt hesiZleglisb BE disbessEdM @eatbidetfT bdlewent data | oadi ng and unl oadi ng

- operations. A control program1l1l is a verification control program.that

runs on the Kigsi inwblosk diagemm ofr prsfarisd embediment of fepressat BxeHwa. &28-d from

t he regi rS ' ' t d ol hnterface
oo o A0V PR it SURER RS ffabeton OV 20, BBy Wit R AR et WL T

avaj$ abpgyvideriehQuittekideess (DM raemSy et mdBegitios.of e BXRNB). aFig. T shtwsad hgat ogr am
11 is the PowerSuiteTM sqoftware package, available from QJi ckt uiB Desi gn
Syst ensWorkstation 10 connected via a communication channel 14 to a hardware accelerator 20,

which simulates a design under verification (DUV) 30, and the protocol interface logic 40
synthesized for the DUV 30 for efficient data loading and unloading operations. A control
program 11 is a verification control program that runs on the host wotkstation 10 to load data
20  into and unload data from the registers and memories in the DUV 30 through the protocol
interface logic 40. An exemplary hardware accelerator 20 is the Cobali™ product available
from Quickturn Design Systems, Inc. An exemplary control program 11 is the PowerSuite™
software package, available from Quickturn Design Systems, Inc..
‘When the control program 11 loads data into a register or memory location in the
25 DUV 30, it first sends a write command with data into the data buffer 13 via an internal bus
12 and then initiates a data fransfer from the data buffer 13 to a data buffer 21 in the hardware

“accelerator 20 via the communication channel 14. The protocol interface logic 40 receives the




When the control program 11 | oads data into a register or @%ﬁl@ ation
in the 25 DUV 30, it first sends a wite conmand with data dat a
buf fer 1®oviz#63me7i nternal bus 12 and then initiates a daCauseEsss$er from
the data buffer 13 to a data buffer 21 in the hardware accelerator 20 via
t he conmuni cati on channel 14. The protocol interface |ogic 40 receives the
20 April 2005 WD 02/063507 PCT/US01/50388 10 wite command and wite data
fromthe data buffer 21 and executes tlHe wite command to |oad the data
into the target register or nenory |location in the DUV 30. Wen the control
program 11 unl oads data froma register or nenory |location in the DUV 30,
it fi(r]I Stvriseduhmand aridwirdrentorh todddeuffat?d abd Ekeuick3hewaitd doenrhavidgonal  bus
12 and then 5 initiates a data transfer fromthe buffer 13 to the
dat a bubﬁ@ith@tarwt‘%@étﬁ&?@ﬁ%@f%@@@w&%‘l@@ﬁ@ﬁﬁéﬂkomm cati on channel
14. The prot ' [ | t idil he
data buffer Wg%ﬁ@%ﬁ?@?@?ifgﬂ@ﬁ{f@?ﬁ%@%ﬁftS e&?@%@?ﬁ*@g}?@ir or
menory DABABD,dhfifshsdnde a Bidd Bfhnamiddntohke das buferf f3evia fik. infEhmal bag 2 stddhend i n

Comrn Gt G R e e oy s 17 dp et B erditt by (e
control a&&é@?z&%{%o]xii% M};&%nﬁﬁ%oﬁ?ﬁ%g 1412%8e ool ierBRL ?o%%lié ﬁce'ggs th¥l &

the interna | scusse protocol interfacelogic 40 is a

speci al read gomneyd fivestheddtaftoffer B amlbkecads it tmunlpaddaia filom the sdrgetregister
nmbodi t t | .int e 1 ogi c .40 | t ./ I 41,

ctate comemphapatenss MEBURERmGRbE daRiRaRRAL ST BR5HGcn Bedh B o

44, 15 PP{ahsh RARTRRA (B kR et Bufc? 19 viPRe cohmnilafek cinelThEbP@e kahsfdr O

bl ock 41 hol ds command and wite data fromthe host workstation 10 in its
i nchi nopeprticingnitiatedi bytthe cgnted prtgoam 11 wlkich recgives theclata fromdhadaserutdier 131 so
hol ds i.nfor.@%%a?ﬂ read data fromthe DUV 30 in its outgoing packet
regi steYlaPﬁeolPe St Fi g. 1). The packet I/0O block 41 receives command

and write dapgdibesiad, thegrotdcdlintdifacs fig: AsTagpecibl 18dicanathesad fdathe DXirgnal s
57 fromthe read data bl ock 46. The packet 1/0O block 41 sends _control

i nf or ma3(. o apresondls ereferred embpsimsntpprofesol interfage logiu 4@ epmprisea packsblPand and
read wr PPRC b ftnten ot A bl ee R Be B, SRR RO EReER T, O
st at® cobBin6s} adir@s biotR 450hktbrebd @atg UlocR W6, state of the protocol interface
logic 40 an The packet I/O block 41 holds command and write data from the host workstation 10

in its incoming packet register (not shown in Fig. 1). Packet I/O block 41 also holds

information and read data from the DUV 30 in its outgoing packet register (not shown in Fig.
1). The packet I/O block 41 receives command and write data signals 22 from the data buffer
20 21 and read data signals 57 from the read data block 46. The packet I/O block 41 sends
conirol information and read data signals 23 fo the data buffer 21 and command and data
signals 50 to the state control block 42, command decode block 43, read/write control block
44, memory address block 45, and DUV 30,
The state control block 42 holds the current state of the protocol interface logic 40 and
25  makes state transitions. The state control block 42 receives decoded command information
signals 51 from the command decode block 43 and command signals 50 from the packet /O
block 41. The state control block 42 generates state signals 52 to the read/write control block
44,




25 makes state transitions. The state control block 42 receizég\i) .pﬁi%ded
command information signals 51 fromthe command decode bl oC Han

comand WOgRABISOE0 from t he packet UO bl ock 41. The st aPE€TRSA/FNSE8 bl ock 42
generates state signals 52 to the read/wite control block 44. 20 April
2005 WD 02/063507 PCT/ USO1/50388 11 The command decode bl ock 43 decodes a
command fromthe packet 1/0 block 41. The command decode bl ock 43 receives
the command signals 50 fromthe packetlll/O bl ock 41 and generates the
decoded information signals 51 to the state control block 42 and read/wite
control block 44. 5 The read/wite control block 44 generates the internal
~and ext er nal Theemnmac dedotieblock A dedodss goahmand fronytba packef VO blenkt4lol bl ock

44 ' th d, i tion .signals 51 f t d
decode. ictammend Gade biopR T ARG RR e ST b e ot SR IREOERHT )
bl ock 42q @eratddeh\dcoBedRtGnaLioN $afal® 91 td SR stabecadekBlock 49 akd Ralivdite The

read/ wite  control block 44 generates read and wite control signals 53
i nt er natontwol bleek fot ocol interface 10 logic 40 and read and wite control

i gnal he .f egi d bl acks. in Lh .
addrbss bl ockesaiite ol ARy 8 el R gL ety P ™ 0L

oper at i gitrol diBRalSTETRE MeadfhHtE Sonth)] BlUck 49 réciiet WRSAFBAsd sonadsiddaformbinnal s 50
from the packet I/0O block 41 and generates current nenory address signals

55 to t#ignaifl om the cammand decodablock4dctie stateiafumption signals 32 iem e sgtef r om
the regis LS. | el

Si qnal e} Blopk 2 b it huh et 10 et AP AEROM G £C BBl k"

regi st eggntioEEock BEgneratasreRiand wrilkd etral dgmilesiiernal to dite mrstopl iateyfaéd )V 30,
and the access logic that is synthesized into the DUV 30 {o al | pé/eadi ng
andl O i ottt andrpaskand wigfesoniral sigraly 3 te the 1ogister apgrpgemogy OPSF_SG@‘%VD have
been 20,4 dentified in the first step described above. In this exanple,

regi sters REGO, REGL, and REG2 are 48-bit, 16-bit, and 32-bit registers
60, 63, and Tk meswpeaddrss bjockWihotdsal themsry address sid widates iidbr tiemory

flexibility of the various enbodi t f the present jnventi n the
DUV 30, aCaioperfie } MEPEyY adsipess Ripels 47 seceives mgmorp address %&fé?c?rﬁ%l =
signal s | HabresSagn IS5 S15HEMIE 366 to the
S b S P byl s i
15 The read data block 46 receives data signals 56 from the registers and memories in the
DUV 30 and generates selected data signals 57 to the packet I/O block 41.
Fig. 2A shows three example registers REG0, REG1, and REG2, which are present in

an exemplary DUV 30, and the access logic that is synthesized into the DUV 30 to allow

reading and writing to those registers. Registers REG0, REG1, and REG2 would have been
20  identified in the first step described above. In this example, registers REG0, REG1, and
REG2 are 48-bit, 16-bit, and 32-bit registers 60, 63, and 66, respectively, which allows
demonstration of the flexibility of the various embodiments of the present invention. In the
DUV 30, registers REG0, REG1, and REG2 receive write data and control signals 32 from the
_ DUV logic 31 and generate read data signals 56 to the DUV logic 31. Data multiplexers 61,
25 64, and 67 and control multiplexers 62, 65, and 68 are synthesized and added to the DUV 30
so that the protocol interface logic 40 can load data into and unload data frdm registers REGO,
REGI, and REG2. The multiplexers 61, 62, 64, 65, 67, and 68 are controlled by the select
signal REGS in the signal group 54 from the protocol interface logic 40. RWEO, RWEL, and




25 64, and 67 and control multiplexers 62, 65, and 68 are SéBt heﬁé@gd and
added to the DUV 30 so that the protocol interface logic 4 &5’ d data
i nt o andW@2@adp0data fromregi sters REGO, REGQ, and REGRCTTROLAI#R i pl exers
61, 62, 64, 65, 67, and 68 are controlled by the select signal REGS in the
signal group 54 fromthe protocol interface |ogic 40. RANEQ, RWEI, and 20
April 2005 WO 02/063507 PCT/US01/50388 12 RWNE2 are the register wite
control signals in the signal group 542 romthe protocol interface Ilogic
40 and are connected to the control nultiplexers 62, 65, and 68,
respectively. DIN<47:0> is a 48-bit data signal group 50 fromthe protocol
i nt er f aB&VEDgriechei@gimted virBe canroh sighals irt the sipnaligroup gﬁﬁphmhepm’twﬁmtem,e and

67. RRDO<47:0> is a 48-bi ata si.qngl. Qroup,5.fro ECO,_RRDI<15:0> is a
T6-bi ¢ Al Soagt by B Rt Bk Bake, 6RHE SR T data s gnal
group fM@?isB@%dﬁﬁ@ignaﬁﬁﬁuﬁ@%oﬁftﬁe?ﬁﬁ%&ﬁﬁﬁ&f@é16@64&&&!1%' group 56
to the DUV | ogic 31 and the protocol interface |ogic 40. Wen the sel ect

si gnal REEScled ttbe dataguuliiplgxerRbGH4, mE7. BRPORAGE>ive 48-Dit datejsignal grop and

contg ol .si [ t he L Logi o 31, n_t e cﬁgﬁ' GSis
assertt eg?mq%hézli%?ﬁﬁg&? lsa%%@g ﬂgggli %rgl%PPeﬁgg? ’aAngi gn a‘?’gﬁg%) ign%’d
control 3.§J'bﬂ:mﬁ{a~°sli_:§f£1 EfoapiioRERBGR! RRINO, RRBY,faad RRDYare cfneckdaa it sigml of t he
sel ect signal REGS, the read data signals 56 are sent to the DUV.logic 31

and t hegioup8de ¥ losie 81 apd e rrotocqdiipterfags logiodd: t wo exanpl e nmenori es

MEMO and ME ' h ; ' ' 1@@I . 30, and
t he access W&%"g t%%%%%@@r%%%ggaﬁﬁ?%iwg?g rgﬁh{)%geadi ng
and wri gatngnd Cortidd Signale 8P fio@sthe MM ldgs 3 NEWDen tisk defdet signal REGRisasietied,
identified in the first step discussed apove. MEMOis a ?‘{F\{ 70 with a
40-Hi t BE@Q,Bﬁ@lsm%REGaa%ﬁea@midﬂ@sr@&iSﬁO@é%mwlf o ke 18- bi t
data an - bj T t -SJ : 1@3@3 Q@nﬁl ect ed
S0 as .tgmﬁ%f)gisnt{crrgaggiﬁiﬂ'lig%%gql%?togtt%%%eﬁgm%ent | dﬁﬁe;rr? &?1%% to%ﬁﬁ%ﬁ% t he
type of semetoothe UV hatdic 3 handihe protssib interfaceiegiOdl. 30. I n the DUV 30, MEMO and

B e W o Ut ST 0GR Kl LI, SoRRIEL, 22,
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bit address while MEM1 is a memory 74 with an 18-bit data and 14-bit address. These data
sizes and address lengths are selected so as to illustrate the flexibility of the invention and not
to limit the type of memories that can be present in the DUV 30. In the DUV 30, MEMO and
20 MEMI receive write data, memory address, and write enable signals 34 from the DUV logic
33 and generate read data signals 56 to the DUV logic 33. Data multiplexers 71 and 75,
address multiplexers 72 and 76, and write enable multiplexers 73 and 77 are synthesized and
added to the DUV 30 so that the protocol interface logic 40 can load data to and unload data
from MEMO and MEM1. The multiplexers 71, 72, 73, 75, 76, and 77 are controlied by the
25  select signal MEMS in the signal group 54 from the protocol interface logic 41. MWEQ and
MWE1 are the memory write enable signals in the signal group 54 from the protocol interface
logic 40 and are connected to the write enable multiplexers 73 and 77, respectively.

DIN<39:0> is a 40-bit data signal group 50 from the protocol interface logic 40 and is




25 select signal MEMS in the signal group 54 fromthe prot oggl i.ﬁ@%f ace
logic 41. MAEO and MAEI are the nenory wite enabl e signal AR si gnal
group 54WKr@3MpiMe protocol interface logic 40 and are cBARASIEW3EH t he
wite enable nultiplexers 73 and 77, respectively. DIN<39:0> is a 40-bit
data signal group 50 fromthe protocol interface logic 40 and is 20 April
2005 WD 02/063507 PCT/ US01/50388 13 connected to the data nmultiplexers 71
‘and 75. MAD<13:0> is a 14-bit address Kignal group 55 fromthe protocol
interface logic 40 and is connected to the address nultiplexers 72 and 76.
MRDO<39: 0> is a 40-bit data signal group from MEMO, and MRD1<17:0> is a
18-bit damacted iqgthaldapmualfipferears/Ven 75 NRED sHH ORI 14bis addnesscdgnad geevpt he
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33. Wien the select signal S asserted, MEMO'and MEML receive wite

data si sigadlerap, froreMEY]. MBPEssd MW | aze gmmeetad avkhesignahammr S8 foihsl s 54

fromth t oC. interface,logi.c 40.. Regar dl ess of the sel ect signal
NEN@ tﬁﬁg’ﬂf' a?ngr}g‘?ﬁjr?g?cglgjg‘%;arcg?%%%%&to the DUW logic 33 and the
protocol i nt grHecAck: dedat ﬁﬁﬂﬂMEm is Dot Ssértedigh@idosids MEMB afld MEM M redeiviehe
packet 110 block 41 in the protocol interface Iogi c_40. Are st packet

in the Watedasymenory pdiressyaydwrils enablegignals Jofrer g .DINCIogictd- pibrkthe
regi ste f b il . gﬁﬁg Laent, the
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the 1- baddrdedGignalstss) ardviitelenhble sighbls 52-frdbh thelpbtoasldntéffade ogidADA fi el ds. The
I eng(tgh of these fields is not |imted tgqt hese pgrt i cul ar bggpi hs :%gd can
be Hbt aBpgaseiess afyhe splech signal MEMS, the read data sigagls og ate sektothe 9%¢He CVD,
END, 1D %I;% | : ent on signals 50 to the other blocks. The
“val ue i%n(ftﬁgp lﬁtgf%%ilgéggﬁ't 'to a 1-bit register 81, which holds the TAG
val ue of theFigr 8w odstaitsdtileck dibgramadfite Rketri/® biockAE i it mroforok interfaegi st er
80 is checked agai nst the, previoys TAG val ue stored.i he . register, 81 at
Che. oxclOBS 4o AFoayaR @atie EpinG SAB R LSRR e SERIAR K mop e et
whet her HoChEhaltfSkcBhtidnY & al Eﬁl?y g pe@imdr:, HEWNedi pagRR, t he
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exenpl a£1¥ ,aa% %tS-bllJB)ﬂT% Eelﬁsl. ’9]1;6 Q:lgth o%’thelsfe fiefds isbl(laot rfllr)tgj%dttg ?lpesg pgrltlgrﬁar
lengths and can be established by the needs of a particular system. The values in the CMD,
END, ID, and DATA fields are sent on signals 50 to the other blocks. The value in the TAG
field is sent to a 1-bit register 81, which holds the TAG value of the previous cycle. The value
20  inthe TAG field in the register 80 is checked against the previous TAG value stored in the
register 81 at the exclusive-OR gate 82 to generate NEWIN on a signal 83 to indicate whether

a new packet has arrived in the register 80. If NEWIN is one, the register 80 has received a
new packet from the data buffer 21. Although the size of the TAG field in this particular
embodiment is 1 bit in the exemplary packet I/O block 41 of Fig. 3, it can be more than 2 bits.
‘25 Inthis case, the exclusive-OR gate 82 has to be replaced by an appropriate logic block to
check the equality of the two values.
A response packet is stored in an outgoing packet register 84, and then moved on
signals 23 to the data buffer 21. In this particular embodiment, the response packet in the




25 In this case, the exclusive-OR gate 82 has to be repl ace‘iothfriﬁébos
alues. A

appropriate logic block to check the equality of the two v .
responsew&% s stored in an out goi ng packet register PEATUQHBhen noved

on signals 23 to the data buffer 21. In this particular enbodi ment, the
response packet in the 20 April 2005 WD 02/063507 PCT/US01/50388 14
register 84 is divided into three fiel g‘g 1-bit TAG 6-bit UNUSED, and
48-bit DATA fields. The length of the fields is not limted to these
particular | engths and can be established by the needs of a particular

system The value,qn signals Is._St d into the DATA fjeld ip_the
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91 selects the address increnented by an address increnmenter 92. Wien MADS
i s 15 oreplaced by ey ppprppriste fogiebloek o updaterthe FASuGeld y8luen DIN<13: 0> on signal s

50.,Jhe currept . [ .S VA 3: 0> ld.in the reqgister 90 i s sent
on Wanats sEt & FERRIGAEE0CaEmph s slreenl plctothd ibeafih o8 e Sy

pr esent hddreysdieskiFdn teastotbabbinth ek ot 400 A R&risterdidsoMs 4 M-Bitindorly0gi ¢ 40.
Three regjster read data RRDO<47: 0>, RRDI <15:0>, and RRD2<31:0> are sent

on si gnaddsessewhish gomeyihsoush am-addressimultilesesP1.0The myltiphexes sdenisignal ed by 20
S<1: i A <1]: )
rrr A R esis@Peonlidf SUBU ARRDIE cchne Bl1adu 3 HRER MARS T £6H, (5O

MRD1<17mRipexer Ot bélect theidgressd mcmentedabyraiaddyessliicfeniantdrion] d¥ksn MADSMsI ch
is control | ed %I\/RDS on signals 53. The__values 0 and 1 of MRDS sel ect
VROES anepeysmmultiplexarseispts amompey address pr SHNEhE 0> ogstgnglscife (Thegurrgild 94 are

sent t o 3RANAIrRNRATIN 8 J0B/HRIAR tREregi¥ir 9D id Sonf B LERAL 59 tPMeDET 0C!
Fig. 5 is a detailed block diagram of a presently preferred read data block 46 inthe |

protocol interface logic 40. Three register read data RRD0<47:0>, RRD1<15:0>, and
RRD2<31:0> are sent on signals 56 to a register data multiplexer 93, which is controlled by

20 RRDS<1:0> on signals 53. The values 0, 1, and 2 of RRDS<1:0> select RRDO, RRD1, and
RRD2, respectively. Two memory read data MRD0<39:0> and MRD1<17:0> are sent on.
signals 56 to a memory data milltiplexer 94, wﬁich is controlled by MRDS on signals 53. The
values 0 and 1 of MRDS select MRD( and MRD1, respectively. The data from the
multiplexers 93 and 94 are sent to another data multiplexer 95, which is controlled by a select

25  signal MRS. The values O and 1 of MRS select the output of the multiplexer 93 and the
output of the multiplexer 94, respectively. The output of the multiplexer 95 is the final read

“data sent on signals 57 to the packet /0 block 41.
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25 signal MRS. The values 0 and 1 of MRS sel ect the output gb thF 0

mul tiplexer 93 and the output of the nmultiplexer 94, respe fW@ %?sThe

out put oWOt3863MTti pl exer 95 is the final read data senPCENSSVHEHERE s 57 to
t he packet 1/0O block 41. 20 April 2005 WD 02/063507 PCT/US01/50388 15 Fig.
6 is a chart of presently preferred protocol commands decoded and executed
by the protocol interface logic 41. As illustrated in Fig. 3, a request
packet stored in the incom ng packet Idegister 80 fromthe data buffer 21
is divided into 5 fields. The 3-bit CVMD field encodes 7 conmands. The NOP
(No Operation) command is specified by CVD>=0 or 1 5 and does not do
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When t he protoc ogl c I's 1n the menory wi the WM 20
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command 1S specifl stores the nenory IDor MDin the ID
field imiode.t e Witeoyomand iegpesified by TTMDSS and wirttes the write datal methe DATAhe DATA

field i Httal(c)l i}Itg %hentearng%rt ﬁle?m%%rr Fnsc‘lfcage%q)iystrhg gnergn%ry -ﬁg ?eg?é&cllér()é 81% target write
 memory address is the address stored in the memory address register 90. When the WM
command writes the last data into the target memory, value one is put in the END field; value
zero, otherwise. When the protoco! interface logic 40 is in the memory write mode, the WM
20  command is the only command accepted and executed. The last data indication of the END
field puts the protocol interface logic 40 back in the normal non-memory mode.

The SRM (Select Read Memory) and RM (Read Memory) commands are used for
unloading data from a memory in a continuous mode. The SRM command is specified by
CMD=6 and stores the memory ID or MID in the ]D field into the memory ID register 130

25  and the start address in the DATA field into the memory address register 90. The execution
of the SRM command puts the protocol interface logic 40 in the memory read mode. The RM
command is specified by CMD=7 and reads data from the target memory indicated by the

memory ID register 130; the target read memory address is the address stored in the memory




of the SRM command puts the protocol interface logic 40 in %ngrrﬁ@rsy r ead
node. The RM command is specified by CVD=7 and reads data : t ar get
menory | Wl @&pdd7by the nmenory ID register 130; the tar §ET/USAHW3#enory
address is the address stored in the nmenory 20 April 2005 WO 02/063507
PCT/ US01/ 50388 16 address register 90. The data read fromthe target nenory
| ocation is stored in the DATA field of the outgoing packet register 84.
When the RM command reads the |ast datl® fromthe target nenory, val ue one
is put in the END field; value zero, otherw se. Wen the protocol
~interface logic 40 is in the nenory read node, the RM command is the only
commandadiresseegistaddn Thedetriené Gromlthe tdrget tmeaairy location st staned of the BAEAD fi el d

Y TEERC TN OO N N
as ill tﬁ%%?ﬁ@ﬂgjxﬂeﬂe&nemﬁhﬁ td B0 AERIRaNe 264! 8&SrviiSe. SWRER thelfirofobsl SVWM or

SRM comma comand after the SWM cormand writes the memory
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e 0" Brreblel A giesyteds 10 ast cais Rflamahe LR e Bt PR al MR Ge ¢ ne
Menory [ eadd BRkiNHeGRnae Mh-ubRofBBde/ address stored in the nmenory
address register 90, the second RM command reads the next nenory | ocation,

and so on. Fithe execitdomofieach WMbr RN skmenangd inpreraents theaeraery| addiepebi i rasd

command..decode. bl.oc 15 in the. proto | [ . 0> on
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to a degaderMBHniAdIERETIRISWR Sontiiaddwritds it manerydExibn indititedbytd on t he
signal 83 to generate the Wt command signal CVDWR at an AND gate 101, the

RR Hommemory afskess etvmringhe memarradsiress ragister $0; andsihaseenndaf M eqmmand  ovosww

SRt comatia by Ak PrecloBElaiH e IR AR ot S e Ao A A0SR
CVDRM atorafandN2a@athe ndeory dbdatise fidicaredbyghainenwny address stdred of themelmorg ks .

Fig. 8 is a diagramof the states and state transitions of thﬁﬁg\;ootocol
i nt er - agddressgegista0, therependRM ¢ommandseadsdhe neytmeagry PY)andSAPENE O y

WiLe), a0 MR PR R BT PSR ifprklleo iy
pr 01 HC0oin the pestdcat irtdriige doghd 40.0 €MID+2:0> bh eighils SOdtom theHEViIExBeldbfthe of t he
incoming packet register 80 is sent to a decoder 100 to generate 6 signals, which are ANDed
with NEWIN on the signal 83 to generate the WR command signal CMDWR at an AND gate
101, the RR command signal CMDRR at an AND gate 102, the SMW command signal
CMDSMW at an AND gate 103, the WM command signal CMDWM at an AND gate 104,
20  the SRM command signal CMDSRM at an AND gate 105, and the RM command signal
CMDRM at an AND gate 106, all sent on signals on 51 to the other blocks.
Fig, 8 is a diagram of the states and state transitions of the protocol interface logic 40.
There are three states: NM (Non-Memory), MW (Memory Write), and MR (Memory Read)
states, indicated by 110, 111, and 112, respectively. When simulation starts on the hardware

25  accelerator 20, the protocol interface logic 40 goes into the NM state. The execution of the
NOP, WR, and RR. commands does not change the state. The execution of the SWM
command in the NM state changes the state from NM to MW. The execution of a WM

command with END=0 and a NOP command does not change the state; the execution of a




NOP, WR, and RR commands. does not change the state. The exmtiagz@i? t he
SWM conmand in the NM state changes the state fromNMto Aﬂﬁ' ecution
of a WM Vbiedd@7wi t h END=O and a NOP command does not cR&EAFSITHBE8YL at e;
the execution of a 20 April 2005 WD 02/063507 PCT/ US01/50388 17 WM comrand
wi th END=1 changes the state from MNto NM The execution of the SRM
command in the NM state changes the state fromNMto MR The execution of a
RM conmmand with ENDS and a NOP commanl’ does not change the state; the
execution of a RMcommand with END=1 changes the state fromMRto NM 5
Fig. 9 is a detailed block diagramof a presently preferred state control
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y

t he neno wite enable 0 signal MAEO by CVMDWM * STATEWM * (M D = 0),
t helsrenory wFig &0 is a detailed block diagram of a presently preferred read/write control block 44
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in the protocol interface logic 40, The read/write control block 44 generates the output
control signals 54, 53, and 86 from the input signals 50, 52, and 51. ID<1:0> on the signals
50 from the ID field of the incoming packet register 80 are sent to a control logic 131 and to a
memory ID register 130. The output MID from the memory ID register 130 is also sent to the
20 control logic 131. The control logic 131 generates the register read data select signal REGS
by ( CMDWR + CMDRR ) * STATENM, the register write enable 0 signal RWEO by
CMDWR * STATENM * (ID = 0), the register write enable 1 signal RWE1 by CMDWR *
STATENM * (ID == 1), the register write enable 2 signal by CMDWR * STATENM * (ID
== 2), the memory read data select signal MEMS by STATEMW + STATEMR, the memory
25  write enable 0 signal MWEO by CMDWM * STATEWM * (MID == (), the memory write
enable 1 signal MWE1 by CMDWM * STATEWM * (MID == 1), the melilory/register select
signal MRS by MEMS, the memory address select signal MADS by ( CMDSWM +
CMDSRM ) * STATENM, the memory address enable signal MADE by MEMS + MADS,




enable 1 signal MAE1 by CVDWM * STATEWM * (M D =1), the me”?b%%g ter
select signal MRS by MEMS, the nenory address sel ect signa

CNVDSVWM +WOONIWEs)y * STATENM the nenory address enabl e siPGRAISONKBES by VEMVS
+ MADS, 20 April 2005 WO 02/063507 PCT/US01/50388 18 and NOUT by CMDRR *
STATENM + CVMDRM * STATEMR, where "+" is a logical OR operator, "*" is a

| ogi cal AND operator, and " " is an equality operator. REGS, RWEQO, RWEL,
RWE2, MEMS, MAEO, and MAEL fromthe cobrol |ogic 131 are sent on the
S|gnals 54 to the outside. MRS, MADS, and MADE fromthe control logic 131
are sent on the 5 signals 53 to the outside. NOUT fromthe control logic
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Fig. 11B is an example timing chart of the execution of register read commands in the

protocol interface logic 40. Rows 145 (POUT) and 146 (TRANSFER) show the read data
stored in the outgoing packet register 84 and the data transferred from the hardware

20  accelerator 20 to the host workstation 10, respectively. The RR command that arrives at cycle
N reads data A from the target register and stores it into the DATA field of the outgoing
packet register 84 at cycle N+1. The data transfer at cycle N+2 sends the response packet
with the register data in the outgoing packet register 84 via the data buffer 21 fo the host
workstation 10. The RR command that arrives at cycle N+3 reads data B from the target

25  register and stores it into the DATA field of the outgoing packet register 84 at cycle N+4. The
data transfer at cycle N+5 sends the response packet with the register data iﬁ the outgoing

- packet register 84 via the data buffer 21 to the host workstation 10. In this example timing

chart, it is assumed that the execution of a RR command fakes one cycle. If it takes two or




data transfer at cycle N+5 sends the response packet with t?g re@'(ﬁ?&er dat a
I n the outgoing packet register 84 via the data buffer 21 AP st

wor kst at Weno2o063s0¥n this exanple timng chart, it is ass@FEASOHINES] he
execution of a RR command takes one cycle. If it takes two or 20 April 2005
WO 02/ 063507 PCT/ US01/50388 19 nore cycles to execute a RR command, a
sinple control logic is required to block the execution of the next
command until the execution of the RRX®nmmand is conplete. The data
transfer of the response packet stored in the outgoing packet register is
initiated by the verification control program 11 running on the host
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wWth wite dﬁfg‘?‘l N ancéﬁhﬁ')le timing chart of the continuous-mode memory write operations

in the protocol interface logic 40. Rows 147 (MAD) and 148 (MEM) show the memory
address and the data of the target memory, respectively. The SWM command that atrives at

20  cycle N stores the first write memory address 10 into the memory address register 90 at cycle
N+1. The protocol interface logic 40 goes into the memory write mode at cycle N+1. The
first WM command arrives with write data A at cycle N+1. The write data A is stored at the
memory location 10 of the target memory at cycle N+1. The memory address is incremented
by 1 at cycle N+1, and the updated memory address 11 is stored into the memory address

25  register 90 at cycle N+2. The second WM command that arrives with write data B at cycle
N+2 writes data B at the memory location 11 of the target memory at cycle'N+2. The
memory address is incremented by 1, and the updated memory address 12 is stored into the

memory address register 90 at cycle N+3, The third MW command that arrives with write




N+2 wites data B at the nenory | ocation 11 of the target ngg%é%@ cycle
"N+2. The nmenory address is increnented by 1, and the updat 9
address WD @29630Dred into the nmenory address register 9BCHUSEYIBE N+3. The
~third MWcommand that arrives with wite 20 April 2005 WD 02/ 063507

PCT/ US01/ 50388 20 data C at cycle N+4 wites data C at the nenory | ocation
12 of the target nenory at cycle N+4. The nenory address is increnented by
1 at N+4, and the updated nenory addreéX¥s 13 is stored into the nenory
address register 90 at cycle N#5. In this exanple timng chart, it is
assuned that the execution of a SWM command takes one cycle and nmakes the
menory Gatadtategsle Nesityriien dhth € atthomymardicestonr Bpfthetar@ neinarinet cyekt cycl e.
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in the outgoing packet register 84 via the data buffer 21 to the host
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and] Jrekghiréss és ErRientedddr egsycieatyl, kmd the apdEed menmayl nddress23 is sigtegltatr 90 at

the next cycle. If it takes two or nore cycles to execyte a SRM command, a
cyclé N+2, The data transfer at cycle N+3 sends thé response packet with the memory data in

the outgoing packet register 84 via the data buffer 21 to the host workstation 10. Similarly,
the second RM command that arrives at cycle N+4 reads data B from the memory location 11
of the target memory and stores it into the DATA field of the outgoing packet register 84 at
20  oyecle N+5. The memory address is incremented by 1 at cycle N+4, and the updated memory
address 12 is stored at cycle N+5. The data transfer at cycle N+6 sends the response packet
- with the memory data in the outgoing packet register 84 via the data buffer 21 to the host
workstation 10. In this example timing chart, it is assumed that the execution of a SRM
command takes one cycle and makes the memory address ready in the memory address
25  register 90 at the next cycle. Ifit takes two or more cycles to execute a SRM command, a
simple control logic is required to block the execution of the next command until the
execution of the SRM command is complete. The same consideration holds for a RM

command. Again, in this example timing chart, it is assumed for simplicity that the




sinple control logic is required to block the execution of ?@g{pﬂﬁgéoc?comnd
until the execution of the SRM conmmand is conplete. The sa 8 eration
hol ds f oW@O2B50¢ommand. Again, in this exanple tining cR&EUSOVFO3BE assuned
for sinplicity that the WD 02/063507 21 20 April 2005 PCT/USO1/50388
verification control program 11 knows when to initiate the data transfer to
obtain each nenory data after sending a RM command. If the verification
control program 11 has no way to knowlhen to inititate a data transfer to
obtain a valid nenory data in a response packet, the options discussed for
a RR command are al so available for a RMcommand. 5 Fig. 12 is a flow chart
showi ng vediigation contrmd pregrpe Lldadws whge feindtiste freclatectsansian teeltaineach ogi c. The
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assi gnspbifig ey ipsp variable Ns. Step 164 calls the "ceir
functi oﬁ W t e?yﬁ%cegsgéﬂﬁta returned by the "l og2" function called with the

val ue of Ns Fig. ¢dmpadeaildicfl®ocmndfdthe siep bt 152 indtigi 12¢d compnieghepmwincol he
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calls the "findWdestMenDatas function to find the nunber of bits of the

wi st nelisapd dstigns anttigne ideifier $o cahdegisisr. gtep i1 62 callsahe equntiiimOMems St ep
167 cal kﬁlc&cr)]:? to t%:lup \évngu%%%rwg mgnchr?ess,s shown as variable “Nm”, in the netlist and assigns a

unique identifier to each memory. Step 163 calls the “max™ function to compare the values of

Nr and Nm and assigns the larger value to a variable Ns. Step 164 calls the “ceil” function
with the result returned by the “log2” function called with the value of Ns to compuie the

20  number of bits required to represent the maximum value of Ns and assigns it to a variable Nsl.
Step 165 calls the “findWidestRegData™ function to find the number of bits of the widest
register data in the netlist and assigns it to a variable “Rd”. Step 166 calls the
“findWidestMemData” function to find the number of bits of the widest memory data in the
netlist and assigns it to a variable “Md”. Step 167 calls the “findWidestMemAddress”

25  fonction to find the number of bits of the widest memory address in the netlist and assigns it
to a variable “Ma”. Step 168 calls the “max™ function to compare the valués of Rd, Md, and
Ma and assigns the.largest value to a variable Nd. Step 169 assigns 1 to la,variable sizeTag for
the TAG field size, 3 to a variable sizeCmd for the CMD field size, 1 to a variable sizeEnd for




25 function to find the nunber of bits of the w dest nenory g%gnﬁg@sin t he
netlist and assigns it to a variable "W. Step 168 calls tﬁ el

functi onWOo28639are t he val ues of Rd, Md, and Ma and as¥CHFABOVHES8 | ar gest
value to a variable Nd. Step 169 assigns | to a variable sizeTag for the
TAG field size, 3 to a variable sizeCnd for the CMD field size, 1 to a

vari abl e sizeEnd for WO 02/ 063507 22 20 April 2005 PCT/US01/50358 the END
field size, the value of NsIl to the siZeld for the IDfield size, and the
value of Nd to a variable sizeData for the DATA field size. The process
ends at 170. When applied to the exanple DUV 30 illustrated in Figs. 2A and
2B, t hetherENBSRId doaythe wdueM 3] to\Whe 2izeKsfoB theNDI fdld sike|-a08 thewkhaoof Nditelat, and
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size of _the read data 57 fr the registers and nenories. Step 177 calls
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register 90. Step 176 calls the “createReadDataBlock” function with the value of Nd to create

a read data block 46, as illustrated in Fig. 5. The value of Nd determines the maximum size of

the read data 57 from the registers and memories. Step 177 calls the
20 “createReadWriteControlBlock” finction with the values of Nsl, Nr, and Nm to create a
“read/write control block 44, as illustrated in Fig. 10, The value of Nsl determines the number
of the ID signals 50 and the size of the memory ID register 130. The values of Nr and Nm
determine the number of register write enable signals and the number of memory write enable
signals, respectively. Step 178 calls the “modifyRegBlockInDuv” function to add data and
25  control multiplexers (see e.g., multiplexers 61, 62, 63, 64, 65, 66, 67 in Fig. 2A) to the
‘ registers in the DUV if there is at least one register in the DUV. The multiﬁlexers added to
the DUV allow the protocol interface logic to have direct access to any of the registers in the
DUV, as illustrated in Fig. 2A, Step 179 calls the “modifyMemBlockinDuv” function to add




signals, respectively. Step 178 calls the "nodifyRegBl ockl n?olv" {%%gt lon to
add data and 25 control nultiplexers (see e.g., multiplexer @f’," . 63,

64, 65, @®0286350n Fig. 2A) to the registers in the DUV PETAUSBK#3$E at

| east one register in the DUV. The nultiplexers added to the DUV allow the
protocol interface logic to have direct access to any of the registers in
the DUN, as illustrated in Fig. 2A. Step 179 calls the

"nodi f yMenBl ockl nDuv" function to add 230 April 2005 WO 02/063507

PCT/ US01/ 50388 23 data and control nultiplexers (see e.g., nultiplexers 71,
72, 73, 75, 76, 77 in Fig. 2B) to the nenories in the DU if there is at
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logic. Lines 1-7 define seven constants , CND VR, CMD RR, CMD S
CIV% Wk local variable declarations om}/tteg. T%e %tprogram;mn.!ng Nag;uage 1s @ well-known . SV

programming language widely used for developing sotware. It is described, for example, in
~“The C Programming Language (2nd edition)” written by B. W. Kernighan and D. M.
Ritchie, published 1988 by Prentice Hall. In the following explanations of the code listings,
20  blank lines used only for better readability are not mentioned.
Fig. 16 is a code listing of the definitions and declarations of major constants,
variables, and functions used to describe the operations with a protocol interface logic. Lines
1-7 define seven constants CMD NOP, CMD WR, CMD_RR, CMD_SWM, CMD_WM,
CMD_SRM, and CMD_RM for seven protocol commands NOP (No Operation), WR (Write
25  Register), RR (Read Register), SWM (Select Write Memory), WM (Write Memory), SRM
(Select Read Memory), and RM (Read Memory), respectively. Line 10 defines “uinf” as
“mnsigned int.” Lines 11 and 12 declare “int” variables “sizeld” and “sizeData” to hold the

sizes of the ID and DATA fields, respectively, of the response packet. Lines 14 and 15




CVD_SRM and CVD RM for seven protocol commands NOP ( No mekﬁtiﬁ@myﬂ
(Wite 25 Register), RR (Read Register), SWM (Select Wite &8 . VM
(Wite MWOORIHISOBRM (Sel ect Read Menory), and RM (Read RERBISY130388
respectively. Line 10 defines "uint”™ as "unsigned int." Lines 11 and 12
declare "int" variables "sizeld" and "sizeData" to hold the sizes of the
| D and DATA fields, respectively, of the response packet. Lines 14 and 15
20 April 2005 WD 02/063507 PCT/ US01/ 74388 24 declare "uint" variabl es
"tagQut" and "tagln" with initial value zero to hold the TAG values for
out goi ng and i ncom ng packets, respectively., Lines 17 and 18 decl are "uint'
C
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"packet %ildéé {t‘ﬁgs(;%l?t n er@kétt’ghﬁoes’ p a%:’elﬂ%oﬂ?giiaa’gwtﬁ%ﬁgh%gdﬁﬁt bi t@ Li ne 23

decl ar etrgdhpackety Ypés derthaifirstbif posticnmf theedat bitnig thetarge packehi“sigeT indhe

Vot CoBYIRR SRR fo FofD B4, el moldsiEdta By RSfp b b Bt LRG3 1 O
nunber Eéclﬁlieéd fhe bopy b6 dBRfIasHRh rbi@nfifPio ddlfe wiBGWS rgunfentd @ cBpy bAer to the

place to hold the "Copi ed packet data. Line 24 declares the transfer
t o_Haccpickéindhe data beffenin thehasbworkistationsi void eopy_tor §hwhint sige, i ippeket )

Recel or HEF: gt s g i S f W O Pk 4 Rl Yhe pd B BB E o

total nyEReKoldhg Bhd Sackst Bilke IRRCIFdectestth@bye from_dbuff function returning no
value with two arguments to copy one packet from the data buffer in the host workstation:

void copy_from_dbuff{ int size, uint *packet ), where “size” is the total number of bits in the

20  packet to copy and “packet” is the pointer to the place to hold the copied packet data. Line 24
“declares the transfer to_haccel function returning no value with one argument to transfer a

packet in the data buffer in the host workstation to the hardware accelerator: void

transfer to_haccel( int size ), where “size” is the total number of bits in the packet to transfer.

Line 25 declares the transfer from haccel function returning no value with one argument to
25  transfer one packet from the hardware accelerator to the data buffer in the host workstaion:

void transfer_from haccel( int size ), where “size” is the total number of bits in the packet to

transfer.



Line 25 declares the transfer from haccel function returni ng P@gﬁd gr%e W th
one argunent to 25 transfer one packet fromthe hardware ac gAep c? to the
dat a bufwere2im3ssthe host workstai on: void transfer from REEASOYSWBI” size ),
where "size" is the total nunber of bits in the packet to transfer. 20
April 2005 WD 02/063507 PCT/US01/50388 25 It is assunmed for sinplicity
that the maxi num nunber of data bits is equal to or less than 32. If it is
greater than 32, The fourth argunent ®dta of the put bits function should
be a pointer to an uint array holding the data bits. Simlarly, the fourth
-argunent data of the get_bits function should be a pointer to an uint
array to hol i is imemaad forbirhslicitynihdt tiee dakibom mgmberaddetafita gneyuabto dartlesss al so

assuned for sinplicity that the nmaxi mum nunper of data bits.is al to or

oos Tt 2. P isareqtd thais e 106 R F RGOSR 0 Tbotss gl 1 ¢ pe
codes, Lt hf £ as ke [ éu% rt. Fig.

17 is aﬁ%ﬁgt%%ﬁ%%&%éﬁﬁgh%ﬁé%ﬁ &é%%ﬁaﬁga%equgg?ﬁ%ggg%t to agd

recei vi gg_bits fuesimrshoulddelegioifteriman uént @rray teclodld ithe datd bite Indlg llowinges 30- 41

definpe th endPacket 10 functi.on. returnj no value with fi a nents to
send a § cifcita A5 AHEoH T dipiety Al e Par grm Gupberaf GABIARAT (i ne

cnd, ui ﬁgaﬁ%%r 1685 Bhar 35, TrRlis Bidger Hiant320a0Re dhanBOREW to GEBnade o tHeQodédBuif i el d
I C

val ue, W IS one of the seven qormand constants defined at lines 1-7 in
Fi g. 16itis'mtd difficult hask Edidhbsesdkillediin thewrt.ndi cat e whet her the packet is the

| ast . menor cess C d, ~id'.is.the |IDf.ield value | ndj cat.e. t he
target r egiysf’%r f i&%‘f‘\?‘g@]‘@ ‘a%t“"’i I‘Encfhr?gs %"_’E? eﬂ‘i]ﬂ%gge%@td)gf’ %é% Eﬁ ?’gd ’fegélglé]%d,
"data” helsfiénst paciéaidnthk ?rat&& BigHack 16}, SRineOBPUY Asfihd1hesaidPacleyymber of
bits of the request packet by adding 5 (the total nunber of bits for the

TAG0 CMbnctiengtiEniDg ostabirs)with five argnments fo senil agpgnest pagketitn dhohardmargft " ds”

and assij Lt to.a vali e 'DpSa" . Ll .33, i t one- hi: al: of

M agou: wesangd; yid deiFapRel Gt AR pipuspl e, Q5 uinicl P B bt ¢ S

cal | s paMIbEER(vaRRS kiU ondof the sdvad Cuininahd comxants defined latiinesf1-7 wBigut " i nt o
the 20 TAG field of the request_ packet pointed hy "packetQut." Line 35

cal I's plf “pad"ss pedidPdisld bit fo indicateryjethes ﬂmkﬁtﬁﬁmﬁdﬁﬂﬁéie&‘?fy 88988 i nto t he
put b ¢ Splenche B B TDsATCHRD |RBRE op st AR Sy 5, TP AE” o5
fielsl ofurhtee of dapd dlith t@sepdetdapditioldsdhdyati pitctoatefilit Lineli2renipites dhd totaut  bi t s(
F ﬁg X ?é%{;’gﬁe\? ggbiééf tlé\g m&ug%; pt@gke% %38 %délgg 5V( leligtalol];umllag' of Ib{}::[.s (tlortﬂg’l]éa lexa, fc&\fﬁ ,d of
and END fields), the value of “sizeld,” and the value of “ds™ and assigns it to a variable *ps.”
Line 33 inverts the one-bit value of “tagOut” and stores it back to “tagOut” for the request \‘
packet, Line 34 calls put_bits{ packetOut, 0, 1, tagOut ) to copy the value of “tagOut” into the
20 TAG field of the request packet pointed by “packetOut.” Line 35 calls put_bits( packetOut, 1,
-3, cmd ) to copy the value of “cmd™ into the CMD field of the request packet pointed by
“packetOut.” Line 36 calls put_bits( packetOut, 4, 1, end ) to copy the value of “‘end” into the
END field of the request packet pointed by “packetOut.” Line 37 calls put_bits( packetOut, 5,
sizeld, id ) to copy the value of “id” into the ID field of the request packet pointed by
25  “packetOut.” Line 38 calls put_bits( packetOut, 5+sizeld, ds, data ) to copy the data bits in
“data” into the DATA field of the request packet pointed by “packetOut.” Line 39 calls

copy_to_dbuff{ ps, packetOut ) to copy the request packet pointed by “packetOut” to the data




25 "packetQut." Line 38 calls put bits(packetQut, 5+sizeld, gz\? p@g) to
copy the data bits in "data" into the DATA field of the rea F ket
poi nt ed WY 02a¥Ret Qut . " Line 39 calls copy_to _dbuff(ps, PEERKEYISE) to copy
t he request packet pointed by "packetQut"” to the data 20 April 2005 WO
02/ 063507 PCT/ US01/ 50388 26 buffer in the host workstation. Line 40 calls
transfer to haccel ( ps) to transfer the request packet fromthe data
buffer in the host workstation to the26ardware accel erator. Lines 43-54
define the receivePacket function retruning no value with two argunents to
recei ve a response packet with data fromthe hardware accel erator: void
recei velafdrén theihost warkstationi hine #0 &bl transfeerte_Hadsél( ps) toreansfer te requesler  of

bi t d " dat t toth | to hold
Che" dat BRkPLETB A s Puisih e oSy istalio 8 (4B BedhyBlR 8ol ol  nunber of
bits of the Lﬂﬁ?@ﬁ%ﬁ dBﬁﬁé‘ﬁE r@éw%f‘%ld&%ﬁcﬁ&ﬂ“ﬁhﬁ&hﬁ%o%lue&hﬁﬂvﬁb argArénts he

value of "ds" and assigns it to a variable "ps.”™ Lines 46-51 code a
"whi | e"tol recgive Drespame packst with nie@pﬁnm the l:pabvkae agaetematom yoldeteairgRacket( int

et B Ot AR R e bRl B P e ol pesns RN @ O

wor kst a]?dlﬁt%r tolth8 91a6§to Kl tife du@Pbits’ dfahe fgptinké pmm gaﬁk 45 komphites fepptabne
packet fromthe data buffer to the place poilnt packetln. " Line

49
calls gmlmlml'toé' bitpatthertsponsg, paq_ketbwagdlygﬁothéwhla@f “QIm,Id e@lndéhf‘o‘fa e “dyAG

field of e Sk ors ,, res the
val ue o"i“:l %g %Vﬁlﬁiﬂ? HE" ﬁélp%e 63??“ ag n, Wl}éoﬂ)ﬁo r?%drgga]‘?ﬁ-eﬁ%?g%l ous
"tag" Vﬁd&&,ﬁ@ﬂﬁm&wﬁ@tac&ﬂerﬁtbﬁ Liné'4vhdallle trahgfap fiofn_hbeel(Ps ) estraistor
different, i rrpl%{n?% that the received packet is new and valid; _otherw se

t helOopepngtnaske erhaxdwiye sepelerator tedasdatybufferda thehost wodkstatigs kg 48 ag”

Vo oxt r U copt 3l dbu BE pacledR)' e oG o et PR Bt dha OltR: KM pre, Dt @
store thsiiel by Opidketlpl ddge fPialksget bits(tpaeketinOal, &tag) kakitteact 26 vElug of i i s a

code listing of four functions: witeReq readRe Wltelﬁn an(% rgadvem
Li nes 6 %Pfﬁépﬁﬁ@tmaﬂteﬁébmf%w&b%ndt%thmﬁl Gompares thevalie fqgr ee

argumené%gl stﬁ%lr ugrdft“gigﬁ‘g’é tstJrésdﬂJ gfy\rldﬁ%"‘ta bRy ugaatlﬂ?oeg\’ﬂﬁrcﬁ‘th " is the

t ar get r of dafa.bits t& wite, and "data"
hol kst fwehitiitleopif tlse Yvabuesrard daﬁ"efﬁhe mplyh@hgt the nceived padiat ismeseandRali&et (
ta 25 bits

DR b e s 100 LSRR ARGtk el 2005
val ue W‘tﬁélnt”rl, fi&53 calls get_bits( packetIn, 5+sizeld, ds, data ) to extract the data bits in the

DATA field of the response packet and store them into the place pointed by the “data™

variable.

20 Fig. 18 is a code listing of four functions: writeReg, readReg, writeMem, and
readMem. Lines 60-63 define the writeReg function returning no value with three arguments:
void writeReg( uint rid, int ds, uint data ), where “rid” is the target register ID, “ds” is the
number of data bits to write, and “data” holds the data bits to write. The writeReg function
calls sendPacket{ CMD WR, 0, rid, ds, data ) to send a RW command packet with the data

| 25  bits to write at line 62. Lines 65-69 define the readReg fimction returning no value with three
arguments: void readReg( uint rid, int ds, uint data ), where “rid” is the targét register ID, “ds”
is the number of bits to read, and “data’ holds the data bits read from the target register. The
readReg function calls sendPacket( CMD_RR, o, rid, 0, NULL ) to send a RR command




argunents: void readReg( uint rid, int ds, uint data ), 38 %Osls t he
target register ID, "ds" is the nunber of bits to read, 'AB hol ds
~the dat awiei @29638ad fromthe target register. The readRegCﬂﬂs@WGéi*ﬁ calls
sendPacket( CMD RR, o, rid, O, NULL) to send a RR command 20 April 2005 WO
02/ 063507 PCT/ US01/50388 27 packet wth no data at line 67 and

recei vePacket ( ds, data) to read the data bits fromthe target register at
line 68. Lines 71-80 define the witelm function returning no value with
six arguments: void witeMen{uint md, int as, uint start, int nw, int ds,
uint *data), where "md" is the target 5 nenory ID, "as" is the nunber of
menory pgteewih ho ata at KhedT dnd mcélm?askatf ds, dgtar)ttmma;l theadbda bisfrothile tafget t he
nunber of nmenory words to wite, "ds" is the nunber of bits per nenory

wor d, a??&ls't“déﬂineﬁ% the pointer to the array to hold the nenory words to
wite. The e& MR gﬂﬁmﬁwﬁsﬁmﬁmmé nSVRuSWirth Dx aiifhen@Svoigt art)
to send a S conman e target nenmory TD and starting menory

addr essmtel\liem(euﬂﬁmdetﬁntas et start got 1oy, tistalsj wint Tdata )gat\th@ee ‘midjisthesargeiri able

"end’ at line_ 75, ,jh Wl‘ltel\/E functi dntg.a |.oo at | i nes

76- 7% | Bemepell s SRS LSO wElesd P sBh if e sAERER P e nor y

wor ds t gqqrids! 44y 1§'tﬁbenuybe§8f ﬁteﬁlﬁﬁr Watdd o Rrite, t‘@s’ﬁ?&e‘&ﬁfn‘l&?bﬁbﬂsﬁ[ﬁ&imﬁor&he

i-th iterafion is the last. Line 78 calls sendPacket ( CNDVWL{: , end, ds,
hé

data[i ]wprd,anéédwh’hsmmtmam@may tofheldtherirop rywtomdstpmﬁtﬁ th el enent

8l o WPRIEED Bk aR SR 8§et?ﬁt&§tt\t§mtﬁ?at¢%%%f"‘atose e e
nW, i Nt cétmant With HiAbrbkt meMORLIT Mdktartifg hibindr 6a@bss LD TY. mersmng is the

nunber of address bits, "start" is the starti ng menory, address,

is
thelmums@mualmwmwabb @@Hﬂthnég’f; the wiri m@@@ﬂqyfg%ﬁ g0 Befor’rrermry

wor d, the inter S read
from t o f BAE 76:1C1pyBFenh B Bp el 1BeS 71 2 S nd vt B oS L 5
0, m d, wii$. IShen? keth theSANR o@e&mﬂe%ﬂﬁﬁiédendmlfﬂleﬁhﬁltbﬁﬁgﬂis thefast. \Lth&78nd
starting nmenory address at line 85. After setting the |n|t|t§ﬂaeval ue zero

t

to a vaedlssprdPagkeil CMD WG Ogend, dp.alatalid d kasand @n WEmPEE » | oop
at lineg cﬁ%t?tjthél—gtqe?&ﬁé’ﬁoﬂfgéﬁﬁe@ tons at lines 88-90 for the nunber of
se

menory WOr the value one to the variable "end" if
the1j -th it eLaki 8092 defifkethe aeddMdni Aimclidh clthing3f whredwil kietaggu@hdntdRvpido,

end, ds, datali to send, a RMco nd to.r he i-th, r
readMem[( u;nt )rmd, int as, uint start, int ]rlnv;r,a, it ds, uint ?"gatas where cimig?hg/ target

memory ID, “as” is the number of address bits, “start” is the starting memory address, “nw” is
the number of memory words to read, “ds” is the number of bits per memory word, and “data”
is the pointer to the array to hold the memory words read from the target memory. The

20 readMem function calls sendPackei{ CMD_SRM, 0, mid, as, start ) to send a SRM commang -
with the target memory ID and starting memory address at line 85. After setting the initial
value zero to a variable “end” at line 86, the readMem function goes into a “for” loop at lines
87-91 to repeat the operaitons at lines 88-90 for the number of memory words to read. Line
88 sets the value one to the variable “end” if the i-th iteration is the last. Line 89 calls

25  sendPacket( CMD_RM, 0, end, ds, data[i] ) to send a RM command to read the i-th memory
word from the target memory. Line 90 calls receivePacket( ds, &datafi] ) to receive the i-th

memory word and store it into the i-th element of the data array.




word fromthe target menory. Line 90 calls receivePacket ( dé &dﬁoﬁsi] ) to
receive the i-th nenory word and store it into the i-th el Hﬁﬁ’f' t he
data ar r¥P0206358pri | 2005 WO 02/ 063507 PCT/ US01/ 50388 28CTAISELMEEE vy, what
has been provided is a hardware-assisted verification systemwith vastly

i nproved access to the nenories and registers of a user's design undergoi ng
functional wverification. Certain enbodi nents use a packet-based protocol
to performdata transfers between the2host workstation and the hardware
accelerator for loading data to and unloading 5 data fromthe regi sters and
menories in the target DUV. The protocol is associated with a protocol

i nterface | ofi sunspayhehatted be¢n mromided & a handwavetassisthé verificatipn sesiae #ith of t he

registers . and nmenories . in the target DUV and sinulat.ed with. t DUV
et un vy Tpred agrrsn o Iptidp BRbiewan s s et GRret mideibe Rk RO o
comand ygReQHes. Cﬁnﬁnreﬁﬂiéﬁﬁﬁqn%%g)acﬁdt%éd%pm%ll tb ipeFfbin® Haig @ahdfals program
running on the host workstation and executes it. |If the 10 request_ conmand

i's a rehdweemtherost werkstetiors andithe bandwararcsclerigrdorloading data to and wrloading

wor kst at,i on. ile.an ex | ary enphaodi f oth [ i s has
beens o SeAdombe seaiapm A Hegores L OR HrR Y I RpSAdF besb MBI AR 170,
Menor i eﬁx&&oﬁ {rltdtEeck 38 86 syrithdsi-a8 at cinplkdimSwithithe dikd parb@eiepulds wEBtbrdY
those skilled in the art that nodifications and alternatives n be 15

pract i ceutl wemeries inthe tasget QU end pialatedwith dhe tanget, DUYAL e tierHier ed net hods

and appar.atu i n - ts il ed

't o apithedFe iooed SRR G HECbucEoBiett CfuRBRAUERled B e i |

depar t i Agni the werifivation ¢emidl peogianeepiisg o thellnseworksatiomand erecutenite i then,

therefore is not to be restricted exce[ﬂtﬁé'?n 1 he spiritqﬁﬁf ttﬁgelg{)gended

cl altrs. rappesh spwERE0 is Dread gompiand, iHergds JaIB@IesReasPagk el io] Shimed is: |
A net %ﬂ(g{aqircncorrpi ling a user's design to allow greater access for

readi ng an Witing to nenories and registers in the user's design,

conpri si ng; Widktanfexemglaay Embdditeat efthopiessnt anentiephasttees disolosddingetal s

desi gn; for an example DUV with three registers and two memories as illustrated in Figs. 2A and 2B,

it will be appreciated by those skilled in the art that modifications and alternatives can be

15  practiced within the spirit of the invention. Thus, while preferred methods and apparatus have
been described, as would be apparent to those skilled in the art, many more embodiments and
applications are possible without departing from the inventive concepts disclosed herein. The

invention, therefore is not to be restricted except in the spirit of the appended claims.




5 synthesizing accessibility logic into the user's design, 2ﬂ| d . 0
accessibility logic creating access ports to the nenories (f‘prr'la%ﬂ éters.
2. The nBMh@P6d307cl aim 1 further conprising the step of REIFA/HEPSH uni que
identifier to each of the nmenories and registers in the user's design. 10
3. The method of claim2 wherein said accessibility logic conprises
selecting logic, said selecting |logic adapted to receive said uni que
identifier and select a particular one29 of the nenories and registers in
the user's design. 15 4. The nethod of claim 3 wherein said accessibility
| ogic conprises logic to read fromor wite to said particular one of the
menor i es and Wisgistlaimediin t he user's design. 5. The nmethod of claim4

Commands {1 ol nacell MU SR EROR b1 PSRy ot PEBEER o 1o

the 20 Ith Bfendiids bEUieplstdrSin the LR’ sURSIgnScogiistp; 6. A hardware- assisted
design verification ;ft emfor verifying a target desjgn, said :
veri fi cati onidpptifyang #ihof the memnsies and)rqgsq%%rsnbﬁhemer@cﬂmi cation with a

har dware accel.erator, the.l.ar . j .| S reqi.: ries,
the Post wor ROERTARE fostuitiB288k 115 Theltr TRkt g sobEblRy ol HoliEle”

regi st ehéceddSbrivaoid :Bemofieyaidiregifgis. pr ot ocol | ogi ¢ synthesized into the
logic circuit, said protocol logic conprising: an incom ng packet register
in conmunication with said host workstation; an outgoing packet register

i N conmuni cati on w i I.on; I : 063507
PCT/ US01/ 50368 30%%%?@%%2%&%%?@“?%3@@%%% st §alv%| ¢ decodi ng
a conmaidéniifier i8 @kch offthoMichpripaakiteglstys Bitthe used’siddsighi fy a particul ar

operation, register or nenory location in said target design; wite
co nd execution logic to wite data stored in said incom ng packet 5

regi ster intq sai | o e Yin } } Ji &gh’ n for a
wite cormag'd degggg:%ﬂ%:dqgac%mcoméﬁlgs eg%g@%%ﬁg@@%ﬂ%gﬁgn gxecuti on
| ogi ¢ t bogicasiddelectify logicudapted gicsdies sadd unignoidentifiraat iselacti apastadudartone get

design a store,said data iin_sai d_ outgoin acket register for a
d OP 816 memories a.n((ii reg?sters in the user’s &Iesggn. gp g st

15 4, The method of claim 3 wherein said accessibility logic comprises lo gic to read

from or write to said particular one of the memories and registers in the user’s design.

5. The method of claim 4 wherein said accessibility logic comprises decode logic
that receives commands from a host and controls execution of reading and writing data to the

20  memories and registers in the user’s design.

6. A hardware-assisted design verification system for verifying a target design,
said verification system having a host workstation in communication with a bardware
accelerator, the target design comprising registers and memories, the host workstation loading

25  datato or unloading data from the registers and memories, comprising:

protocol logic synthesized into the logic circuit, said protocol logic 'comprising:

an incoming packet register in communication with said host workstation;

an outgoing packet register in communication with said host workstation;




read command decoded at said command decode |ogic; and 10 i ﬁirf.laz%ﬁ | ogi c
interfacing said registers and nenories in said target desig Apil Z0PRe

har dwar ewasiosiserl desi gn verification system of clai m 6, PGEAISeI/5938%i d
protocol logic includes |ogic to determ ne whether data from said i ncom ng.
packet register is new and control activation of command decodi ng and
execution. 15 8. A nethod of synthesizing a packet-based protocol |ogic for
providing access to registers and nefdries in a target design when
perform ng functional verification using a hardware accel erator,
conprising: determning fixed sizes of a request packet, said request
packet conpri si ngcamamand Q@ode)lugfmadaidaqmmdge@dé legie depodingn ermupgndiow many

of the registers are present .in the t et _design; ..counti f
Che. enor | es54) BepraERkFopE: fligul §Briiar Spih g o MehdRlY, ©
identificati gRafdfinGaRita@etdesipal d request packet; determ ning a maxi mum

nunber of data bits of the registers in the target Qesi_gn; 25 determning a
maxi mum nunber of Wik conrnend executing loginde Weite date siprediin sgdtinepaxng packet

determ ni ng a maxi.num nunber  of dr it i i.-n the target
desiyn; and _%%ﬁ’i"tps ggsww?‘g%@%%@&ﬁfﬁ@ﬁ%ﬁ%%%et e{rém' ning a
maxi mum numbggnufhndidcddéPaiseiddoriifandetbsdedlogidat a, nenory data, and nmenory
address to the target desi'gn to determne data field size of said request

packet. 9. The neteaégommaaf sxepution jogie ieapadditifpmy sl registes PEREMOHY, 5

nar dwar e acioBnRPpap R Bl oo Bl Slonf BHPLAL d B8 BN pel Rl B2 7

out put dat a fudf bemniand dbsded arkait comaanbdeeddd lopic; atidat i ng a comrand decode
bl ock to decode a conmand.in said incom ng packet 10.register;, creating an

exebition | ogic tHietase lngic miehemgfaidiesisapodmangresde sgd Lmgpislersang

7. The hardware-assisted design verification system of claim 6, wherein said
protocol logic includes logic to determine whether data from said incoming packet register is
~ new and control activation of command decoding and execution.
15 7
&. A method of synthesizing a packet-based protocol logic for providing access to
registers and memories in a target desigh when performing functional verification using a
hardware accelerator, comprising:
- determining fixed sizes of a request packet, said request packet comprising tag,
20 command, and data end fields;
counting how many of the registers are present in the target design;
counting how many of the memories are present in the target design;
determining a maximum identification field size of said request packet;
determining a maximum number of data bits of the registers in the target design;
25 determining a maximum number of data bits of the memories in the target design;
| determining a maximum number of address bits of the memories in the target design;

and




creating interface logic to access the registers and nmenori § i n iLd
target design. 10. The nethod of claim9, further conprising fﬂ@“@ﬁ%ps of
15 creatiwog2aesenory identification register to identifyPCRAUSKENSSS es in
the target design; creating a nenory address register to provide a current
menory address for access; increnmenting said current nenory after a nenory
read command or a nenory wite command is executed; creating a finite
state machine to indicate that the paddet-based protocol logic is in 20
~either non-nenory node, continuous nenory wite node, or continuous nenory
read node; and creating a state transition control that selects said
nan- menory na@tenﬂﬂmtrg aSAidmuaomniniiet 08 Bitsmensend thepegister data,aneroryshaialand at e
transition control farther se]ecting saia COE{Lnuo S. Jrenor i fe node
when samemesneddaess e thedaget desien e defsarpine daia field sizg of sof u%ép b state
transition control further selecting said continuous nmenory read node when
said continuous nenory read operation is initiated.

' 9. The method of claim 8, further comprising the steps of:

5 creating an incoming packet register coupled to an input data buffer in the hardware
accelerator;
creating an outgoing packet register coupled to an output data buffer in the hardware
accelerator;
creating a command decode block to decode a command in said incoming packet
10 register;
' creating an execution logic to execute a command decoded at said decode block; and

creating interface logic to access the registers and memories in said target design.

10.  The method of claim 9, further comprising the steps of:

15 creating a2 memory identification register to identify the memories in the target design;
creating a memory address register to provide a current memory address for access;
incrementing said current memory afier a memory read command or a memory write

command is executed;
creating a finite state machine to indicate that the packet-based protocol logic is in
20  either non-memory mode, continuous memory write mode, or continuous memory read mode;
and ‘
creating a state transition control that selects said non-memory mode when said
- continuous memory operation ends, said state transition control further selecting said
continuous memory write mode when said continuous memory write operation is initiated,
25  said state transition contro] further selecting said continuous memory read mode when said

continuous memory read operation is initiated.




