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Type General information where the data entering components into a component library is provided,
information space is (e,g., User, Supervisor, This was done by organizing the components structure as
10, Memory). shown in Figure I.

Word Size of the information transfer (e.g., 8, 16, Every component has capabilities represented by
32 bits). capability schemata. The data transfer capability has

Direction The direction of data transfer (e.g., Read). different types of information transfer associated with it.
Width Which signals will be used to transfer the Each information transfer is associated with a state-timing

data information (e.g., DO-D7). specification that is linked to the capability schema through
Delay Informs the initiator how long to wait before different types of has-spec relations. Each state-timing

.sendi.n~ ~he terminate transition. .specification consists in turn of a timing schema and a state
The devIce that Imtlates the data transfer IS called a schema. All the instances of the schemata just: discus~ed are

master. The master may generate the Request, Address, Type, related through a is-a relation to a prototype schema that
Word and Direction information. The device receiving the contains information that is common to all schemata of this
request is called a slave and it may generate the Width and type. Each of the prototype schema has a model schema that
Delay information. gives the allowed and recommended slot values for each of the

slots of the prototype schema. The model schema is used to
MASTER SLAVE assist in the entry of components into the component
INmAToR library.

3. INTERFACE DESIGN
Interface design concerns with how data transfer signals
representing similar types of information are connected, All
devices have a request signal and all information transfers are
synchronized to this request signal. In order for all
information transfers to proceed properly between the
devices, the request signals will have to be connected
together. Connecting the request signal directly makes it

.possible to synchronize the timing of one type ofInfonnatlon transferred between Master and Slave information signal between the two devices without

I ~ .b .d h ' I. .h considering other information signals. In practice the requestf n o~m~tlon can ~ ~am~ .on t fe ~Igna ~~res Inf th e signal will usually have a delay associated with it which must

?rms o t ~ states an ~ ~ ~Immgs o, t e transltlo~S o t e be taken into account when finalizing the timing design. The
sIgnals. ThIs natural dIvIsIon was Incorporated Into the d t ' I d t .. d . d . d . d '

th.., e al e Imlng eslgn proce ure IS Iscusse In e
component model where each InformatIon type IS represented .

[ I 0]..accompanyIng paper .by state and tImIng separately. ..
In most cases all the InformatIon sent from the master

will be received by the slave and vice versa. However, quite

hasJsPeC frequently both the slave and master do not have receptors or
~ transmitters for some of the information. The only

STATE- information absolutely required is the request information
TIMING- from both the master and the slave. Therefore, to accomplish
SPEC d f . bevlce cOnnectIon, any mIssIng In ormatlon must e

uses-tlming uses-state generated and any extra information must be used in a
~ ~ consistent way by the interface logic. For example, often the

master has more address information than the slave can
TIMING STATE handle, such as the master may produce 20 address lines while

the slave only requires 12. In this case, a hardware decoder
The request can be represented by a signal that has uses the extra master address signals to produce a 'select'

transitions for the initiate event and the terminate event. signal.
Every information timing will be constrained to this request During the interface design process, similar information
signal. The specification of this constraint is called a timing. signals are connected after converting the states to
This type of organization allows the timing of all signals to compatible s~ates. and the ~imings to com~atibl~ ti~ings.
be treated the same, be it the timing of an address signal, or State conne~tlon,ls accomplIshed by t-ranslatIon crrcult~y, If
the timing of an acknowledge signal that controls the delay. the translatl.on I~volve~ only asserted or ne~ated slg~al
For more information on the timing aspect, refer to the states, c?mblnatonal lo~IC can be used (the state translatIon
accompanying paper on modeling data transfer signal usually Involves an n-Input to m-output decoder). If other
timings [10]. states must be obtained, such as tristate, specialized hardware

The component model must represent information for the must be utilized. How to use extra or generate missing
data transfer in a structured and consistent way for efficient information signals is a design choice. Many variations are

manipulation. In KnowledgeCraftTM this is accomplished possible ~ith tradeoffs in complexity, speed, cost and power
using schemata and relations. Inheritance can be used for consumptIon.
instances of schemata to inherit properties from their parents 3.1 Interface blocks
automatically. A method for a structured and flexible way for In our design approach, all information transfer signals are
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.IHT-SUB-BLK-.l-HK.'l IHT-SIGHAL 5 ..IHT-SUB-BLK-.l-HK.,l IHT-TIMIHG

.IHT-SUB-BLK-59-HK611.-CE-IHT-SIGHAL 5 ..IHT-SUB-BLK-59-HK.'16-CE-IHT-TIMIHG

.IHT-SUB-BLK-57-HK611.-0E-IHT-SIGHAL e ..IHT-SUB-BLK-57-HK6116-0E-IHT-TIMIHG

.IHT-SUB-BLK-55-HC.BOOO-DTACK-IHT-SIGHAL ...IHT-SUB-BLK-55-HC.9000-DTACK-IHT-TIMIHG

.IHT-SUB-BLK-49-ACC-DEL-IHT-SIGHAL-S-l 5 ..IHT-SUB-BLK-51-DELAY-IHT-TIMIHG-S-2

.IHT-SUB-BLK-51-DELAY-IHT-SIGHAL e ..IHT-SUB-BLK-51-DELAY-IHT-TIMIHG

.IHT-SUB-BLK-.9-ACC-DEL-IHT-SIGHAL 5 ..IHT-SUB-BLK-49-ACC-DEL-IHT-TIMIHG

.IHT-SUB-BLK-.2-ACCESS-IHT-SIGHAL e ..IHT-SU8-BLK-.2-ACCESS-IHT-TIMIH"

.IHT-SUB-BLK-37-TYPE-IHT-SIGHAL e ..IHT-SU8-BLK-37-TYPE-IHT-TIMIHG

.IHT-SUB-BLK-31-READ-IHT-SIGHAL 5 ..IHT-SUB-BLK-31-READ-IHT-TIMIHG

.IHT-SU8-BLK-29 ITE-IHT-SIGHAL e ..IHT-SU8-9LK-29"",.ITE-IHT-TIMIHG

.IHT-SUB-BLK-2.-BLOCK-ADD-IHT-SIGHAL e ..IHT-SU8-BLK-2.-BLDCK-ADD-IHT-TIMIH"

.IHT-SUB-BLK-1S-ADD-IHT-SIGHAL e ..IHT-SU8-BLK-15-ADD-IHT-TIMIHG

.IHT-SUB-BLK-'"",ORD-IHT-SIGHAL , ..IHT-SU8-BLK-'"",ORD-IHT-TIMIHG

.IHT-SU8-BLK-4-REQUEST-IHT-SIGHAL , ..IHT-SUB-BLK-4-REQUEST-IHT-TIMIHG
~ ~ .COHHECTI OH-SU8-REQUEST -4

.COHHECTIOH-REQUEST-1 .COHHECTIOH-SUB-REQUEST-3

IHT-BLK-1-I&J-COHHECT .COHHECTIOH-SUB-.EQUEST-2

.COHHECTIOH-5U8-REQUEST-1
.IHT-SUB-BLK-61-.116"",R-IHT ...IHT-SUB-BLK-74-COtN-SS

.IHT-SUB-BLK-59-HK.116-CE-IHT ...IHT-SU8-BLK-75-COHV-SS

.IHT-SUB-BLK-57-.'1.-0E-IHT ...IHT-SU8-BLK-7.-COtN-SS

.IHT-SUB-BLK-55-HC.9000-DTACK-INr ...IHT-SU8-BLK-77-COtN-SS

.IHT-SUB-BLK-51-DELAY-IHT ...IHT-SU9-BLK-53-COtN-SS

.IHT-SUB-BLK-.2-ACCESS-INr

.IHT-SUB-BLK-37-TYPE-IHT

.IHT-SUB-BLK-31-READ-IHT

.IHT-SU8-BLK-29 ITE-IHT

.IHT-SUB-BLK-24-BLOCK-ADD-IHT

.IHT-SU8-BLK-17-USE-IH-ADD F .
3.IHT-SU8-BLK-15-ADD-IHT 19ure

.IHT-SUB-BLK-11-USE-IH"",ORD MC68000 to Mk6ll6 Interface Block

.IHT-SUB-BLK-'"",ORD-IHT

.IHT-SUB-BLK-4-REQUEST-IHT

.IHT-SU8-BLK-2-TIM-CHST.HT

.IHT-SU8-BLK-1-DEL-STO.

..l.tlon K.".: (3) COHHECTIOH-REQ (6) HAS-SU8-.EQUEST
(1) IHSTAHCE.IHV (.) COHTAIHS-SU8-BLOCK
(2) HAS-IHTERHAL-SIGHAL (5) USES-TIMIHG
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connected using interface blocks. An interface block is a The timings of the individual signals entering an interface
hardware circuit that generates the proper states and the block are adjusted using timing converters (e.g., buffers,
proper timing required by the slave's information input, from delays or latches). The states are matched using a
the specification of the master's information output. For combinatorial network. The signal expander supplies signals
example, the figure 2 shows interface blocks that could be to several input information locations and connector blocks
generated to connect a master and a slave. Note that this is are used to obtain the final implementation constraints (e.g.,
one implementation of many. propagation delay).

MASlER 4. STATUS
WDirec nl li.o: ,i In DAME's design hierarchy, once components are chosen in

o ...' .0 .

uesti ti the Functional Block Design phase, an interface between the
ress i i components is to be produced during the Integration phase.

This interface can then be fed to the Implementation phase
infO in using various existing VLSI and PLD tools to produce the

idth. actual hardware. To accomplish the interface design
lay i effectively, a component model and rules for the design

procedure must be developed. The model for data transferData info Data info treats each of the information exchange as a primitive,

Typical Master-SIave O>nned Intetf*" BkJCks consisting of both timing and state information. The design
Figure 2 procedure must assure that the correct states and timing

relationships among the signals are maintained. It must also
In general, information signals are connected using be able to handle missing or extra information provided by a

interface block to accomplish the following tasks: device.
i. Information signals from different sources are combined The component model has been developed and integrated

to generate internal signals for information transfer. into the KnowledgeCraftTM environment. Several
ii. Internal signals are decoded to generate the correct output components have been entered into the component library

states. including MC68000, MC68020, Z80, and 8088
iii Information input signals are supplied with the correct microprocessors, and several static RAMs and EPROMs.

timing. Rules have been written for the design of data transfer
A typical interface block is organized as follows: interface. This interface design process is initiated by a
Info1~ ~ higher level connection request that also specifies the001 S2 S4 components chosen. The interface designer currently

C-OOal Signal ss :0 produces a network of schemata representing the interface
:02S~3 Timing Networ1t Ex~ S6 circuit. Such a design describing the control signal

Converter connection for a MK6116 2k*8 static RAM and a MC68000

InlelfaceBlodtCOOlell'-' ';::::""' microprocessor is shown in Figure 3.
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