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Abstract— With increasing levels of integration of multiple a metar_nodelin% framework which enables retargetable code
processing cores and new features to support software func- generation and facilitates creating models at differevelieof
tionality, recent generations of microprocessors face difficult apstraction, without tying them to any specific programming
validation Cha”enges. The SyStematIC validation approach starts |anguage Thls |anguage_|ndependent representatlonlw’]ab

with defining the correct behaviors of the hardware and software ¢, ; ;

=t v ! ; : e analysis and transformation of the models uniforml
components and their interactions, This requires a new modeling into varigus validation collaterals. It also allows a malnuay
paradigm that supports multiple levels of abstraction. Mutual :

consistency of models at adjacent levels is crucial for manual refinement methodology and enforces consistency within and

refinement of models from the full chip level to production RTL, across abstraction levels. As an example, we model a 32 bit

which is likely to remain the dominant design methodology of RISC processor at the system level, as well as architecture

complex microprocessors in the near future. In this work, we and microarchitecture levels to illustrate MMV's modeling

Phrgts%r;tanl\gV, se\éatlgi%trlggtgnr\]lqlg%rglgeg bgﬁgdsog brr;ctartgépggellénge,ls capability and discuss how to extract constraints for test
u varioy i v i i

and to generate most of the important validation collaterals, generation at each of these levels of abstraction.

viz., simulators, checkers, coverage and test generation tools.

We illustrate the functionalities in MMV by modeling a 32 bit Il. BACKGROUND

RISC processor at the system, instruction set architecture and . .

microarchitecture levels. We show by examples how consistency . The design teams pass through many levels of abstraction,

across levels is enforced during modeling and also how to generatefrom system to microarchitecture, when designing a miaepr

constraints for automatic test generation. cessor. They develop functional specifications for eacél lel/
abstraction which then becomes the standard documentsagain
|. INTRODUCTION which the implementation of the processor is validated. The

Increasing design complexity, shrinking time to markegoal of functional validation is to ensure that the micrceod
and high cost of fixing a bug’in a released product mak&TL and the fabricated product in silicon implement the
validation of microprocessors a key ingredient in the pmddubehavior defined in the system, architecture, microcode and
development cycle. The complexity and hence the cost wificroarchtiecture specifications [2]. .
validating a microprocessor increases from one generétion Simulation based validation is widely used to validate
the next, makm? it a very important and challenging problemicroprocessors in the industry. A traditional simulatizased
for current and future designs. validation framework is shown in figure 1(a). In this frame-

Designers model the microprocessor at different levels wfork, the models of the microprocessor at different levels
abstraction. The comﬁlexny of models increases as we gb abstraction is manually derived from the specification
down the abstraction hierarchy. Validation complexity fa t document. These models act as reference models against whic
microarchitecture level of abstraction dwarfs the comityeat the RTL/microcode/silicon of the processor is validatedest
higher levels of abstraction because of the additionalfeat plan document, which describes the scenarios that needs to b
introduced in the microarchitecture to supportdperforneand:ested during validation is manually derived from the sfiemi
optimizations like out-of-order, superscalar and spdiuga tion. The test plan acts as the reference document for mignual
execution. Hence most of the validation effort is spent ili- va guiding the test generators and coverage analysis tooks. Th
dating the functionality introduced in the microarchitget generated tests are run on the RTL/microcode/silicon aad th
This trend may change in the future generations of mulwalidated processor models. The results produced by the tes
core processors which are designed with multiple cores insacompared for a mismatch.
single die and with hardware support for software appliceti  There are several drawbacks in the traditional validation
like virtualization [1]. This shift in design paradigm ie@ases environment. First, most of the models and tools are gener-
the validation complexity aall levels of abstraction of the ated from the specification document or the test plan. The
processor. For example, in Intel processors, eight complexguage in the documents could be ambiguous and could
Instructions and two modes of operation are added to the mis-interpreted by validators developing different eled
Instruction Set Architecture (ISA) to support virtualiwat. and tools. Secondly, the rapid changes in the specificasion i
Multiple cores and the associated communication protocasmmon durin? the design and development process. These
increase the complexity at the system level abstraction.  changes should be manually propagated into the different

In order to deal with the increasing complexity in processonodels and tools making it an erroneous process. Thirddy, th
validation, there is a need for a modeling and validatiomodels in a traditional validation environment are devetbjn
environment in which all levels of abstraction of the prams a modeling framework that depends on the target usage of the
can be modeled in a unified manner. The modeling envirodel. For example, models used to generate simulators are
ronment should support stepwise manual refinement (e.g., tggically written in programming languages like C/C++ and
architects, designers and validators) from one level tdraarp those for test generation are written in specification |laygs
enforcing consistency of refinements to a predefined degréke 'Specman e’. Modeling in a specific ﬁ_rogrammlng lan-
The environment should also support creation of tools f%leage makes the modeling process to be highly dependent on
model analysis at any level of abstraction for the purposkee artifacts specific to the underline programming fran&wo
of generating validation collaterals like simulators, e@mge For example, modeling frameworks based on C/C++ are
analysis tools and test content. _ ~operational in nature. They do not offer formal semantias fo

Inthis paper we propose a visual Microprocessor Modelingfinement of the models and there is no proof of correctness
and Validation Environment (MMV). MMV is built on top of for the defined refinement maps.
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(a) Traditional Validation Environment (b) Proposed Metamodeling Based Microprocessor Modeling
and Validation Environment

Fig. 1. This figure shows the traditional and the proposed simulation based mocesgsor modeling and validation environments. Note that
in the traditional environment all the models and tools are derived maniuatty the specification document. In the proposed environment
only the modelsare derived ma_nuall?/ from the specification. Alkthe tools that are usedervaltidation environment are automatically
generated from the models using plug-in's. Further more, the modefimigoement ensures that the models in different abstractions “are
consistent with one another.

[1l. MICROPROCESSORVIODELING AND VALIDATION B. Generic Modeling Environment (GME)
ENVIRONMENT (MMV) The Generic Modeling Environment (GME) [3] is a con-

TheMMV environment facilitates microprocessor modelinggurable toolkit that facilitates the easy creation of dama
across various abstractions and uniformly generates date ©Pecific modeling and program synthesis environment. GME
can be targeted towards various validation platforms asshoh@s a set of generic conce t|$ that can be CUStOH"Zed to create
in Figure 1(b). The requirements for such an environment agnéw domain specific modeling environment. The customiza-
(i) language-independent modeling syntax and Semam,):s,r&?n is accomplished through metamodels which specify the
a uniform way to capture the various modeling abstractionf&odeling language (syntax & semantics) of the domain.

(iii) a way to express rules that enforce well-defined model The generic concepts describe a system as a graphical,

construction in each abstraction level and consistencgsacr Multi-aspect, attributed entity-relationship (MAER) gram,

abstractions, (iv) a visual editor to facilitate the modgli Which mternaIIK. are UML diagrams. The generic concepts

based on the specified syntax & semantics and to enforce &ported are hierarchy, multiple aspects, sets, refeseand

modeling rules through checkers during design-time anyl (@XPlicit constraints, which are described using the comssr

finaIIP/ the capability to plug-in code generafors/intetpre  SUCh as<<Atom>>, <<Model>>, <<Connection->, etc

to allow for model analysis and translation into executapledetailed in [t3].Constra|_ntsm GME are articulated based on

validation collaterals, test plans, coverage tools, ete Key (he predicate expression language called Object Constrain

enabling capability forMMV is metamodeling which is Language (OCL). OCL constraints are used to express rela-
rovided through the generic modeling environment (GME@.O“Sh'p restrictions, rules for containment hierarchyl dhe

[n this paper, we demonstrate the mu?ti-abstrac.tilon mageliValues of the static semantics of the domain.

Iga;aneet\./vork and code generation for one specific vali atlctzi Microprocessor Metamodel (MMM)

There are two types of users of MMV namely the modeler The domain-specific syntax and some required static se-
and the metamodeler. The metamodeler customizes MMiantics for modeling microprocessors in different levels o
based on the requirements of the processor modeling aisbtraction is captured as a metamodel in MMV. The meta-
validation domain and also creates code generators for difodel is built in GME using UML constructs and OCL
ferent validation targets. The modeler creates micromsme constraints. It depicts four distinct modeling abstractiof
models in MMV and uses the code generators to generate \almicroprocessor and provides a unified language to enable
idation targets. When dealing with complex microprocessoithe specification process. The usage of UML to construct
scalability of a visual modeling tool is a concern. Thereforthe microprocessor modeling syntax and semantic provides
MMV allows two modehr&g modes: (i) Vlsu_all>|/_ based on thdang(uage—md?endence_and as well as interoperabilioyitfr
microprocessor metamodel (MMM) and (ii) Textually basedn XML-based intermediate representation/exchange mediu
on the microprocessor description language (MDL). Havirlg alleviates the language-specific artifacts such as point
a textual input addresses the scalability issue with visuaanipulation, strong typing In C/C++ as well as overcomes
modeling tools and allows the modeler to take advantage tbe modeling restriction of languages such as VHDL/Verilog

MMV’s validation tools and checkers. with object-orientated features embedded within them.
~The abstractions are: (i) System-level view, (ii) Architeal
A. Metamodeling Framework view, (iii) Microcode view and (iv) Microarchitecture view

The modeling language provides a refinement methodology

A metamodeling frameworfacilitates the description of an across abstraction levels where the syntactic-level foams-
application domain by capturing the domain-specific syntdion are well-defined and enforced during refinement. Each
and static semantics into an abstract notation calledrtéi&- of these abstractions correspond to a view of the metamodel
model This metamodel is then used to generatmadeling and is described using the notion of aspects in GME. In the
framework that the designer can use to construct domaifsllowing subsection, we outline the metamodel descriptio
specific models. Static semantics refer to the well-fornesdn for some of these abstractions. ) .
of syntax in the modeled language, and are specified asl) System-level view (SV)This abstraction provides a
invariant conditions that must hold for any model creatddais protocol-level description of various microprocessorttieas,
the modeling framework. The modeling framework M which can be thought of as a software model for the proces-
is built on top of GME’s metamodeling framework. sor component. The modeling framework at this abstraction



provides a high-level algorithmic specification capafpilill
the entities used to describe the high-level model need not
refined to the lower abstraction, since they may not have
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Fig. 2. System-level View of MMM A constituent of thePlatform not seen in SV is théSA

, ) ) entity, which is only relevant at the architectural abgicac
Another important constituent of th®latform is the and provides the language to describe the instruction set.
Main _Memory entity, which is used to model the memorg Another refinement in this AV is the definition of the
b¥ capturing” information on the address size, and numbestruction set architecture by using the ISA entity. The
of bytes/location. In SV, memory is virtual with no physicalSA provides an instruction-level abstraction of a process
existence, therefore the attributes are only configuralble snd is modeled using thiastruction entity. The attributes
lower abstractions. This is enforced as a constraint taicést Operand] Operand2 Operand3and Opsizeare used to char-
the users from mixing the abstractions inconsistently. Vh Sacterize the instruction by describing the operands anu the
we have the notion of function calls, which is modele thlhvu%iée. Thegroupattribute has a set of categories that a modeled
ports, in order to capture the communication between thgstruction belongs to, which allows the framework to enéor
memory and the core. The core haports that could be constraints and flag an illegal instruction. For examples oh
input or output specified througl® _accessand the memory the category is shift and rotate and a constraint enforced on
has me\rlry:)orts that could be specified as read or write porisistructions’in this group is that the destination’s adsireg
usingRW _accessPoint-to-point communications are modelegnode must be immediate and cannot be a register or memory.
using these ports. We also allow for bus-based communigati@imilarly, a set of constraints have been written for eacthef
which is enabled through th8US and busport entities. instruction group and based on the value chosen fogtbep
The_entitiesMemory2Core and BusConnectionare of type attribute, the constraints are activated and enforcednguri
<<Connection-> in GME, which captures the communica-modeling.
tion between the memory and core as well as their commu-The Instruction entity of the MMM provides the modeler
nication through a bus by instantiating ports. The metarhodgith a language to describe the instruction behavior, whi$
also has an entity which is a place holder for some block thednstructs to write functions, statements and define ifiers
models external ‘interaction with the processor and memory.3) Microarchitecture View (MV):The virtual memory is
The block models a functionality at the protocol-level sash made concrete by defining the memory map using Rl
arbitration and scheduling and is described uglognponent  cation entity providing the physical address. The core on the
cport and Component2Core The protocol specification is other hand undergoes a refinement, where the registers dlefine
caEtured using a variant of hierarchical finite state mahinin AV is bound using a map function. In the MV, we provide a
(HESM). _ ) RegisterMap entity to map the defined registers to addresses
2) Architecture view (AV):Figure 3 shows a snapshot ofcorresponding to th&egisterFile During the refinement of
the ‘architectural aspect of the microprocessor metamodel. the Core, invalid register map functions need to be avoided,
In AV, the memory abstraction is similar to SV and does nafince the registers are defined in a different abstractius, t
undergo a refinement but useem_arch_port to communica- inconsistency is common. Therefore, the refinements are en-
tion with the core. The core undergoes a refinement to inclufigced as constraints and the modeler is required to conform
register definitions that is described using tRegisterFile these to arrive at a consistent description of the micragssor
entity with a Size attribute, which is shown in Figure 4.across the abstractions. Furthermore, a new constituent is
This attribute is used in the later abstractions to map theserted as a refinement, which is tiRipeline entity. A
registers to the physical address. Thecconnection->s in  Pipeline acts a collection dbtagesand instruction registers
this abstractions are not shown due to lack of space. (IRegisters). ) ) )
The registerFile allows for three type of registers namely Pipeline communicates with the memory to read & write
() general purpose registeGPR), (i) segment registerR) data and address, however this communication should not be



visible at SV. TheMain _Memory should not grant read/write  Definition 4.1: Constraint Satisfaction Problem (CSP)[5]
access to the pipeline through theemport, since it is meant Let X = {z1,z2,...z»} be a set of variables. Each; is associated
exclusively for system-level communication with the pregm@r with a finite set of possible values from; the domain ofz;. A
core. As a result, théMain_Memory entity has a new set constraintC on z1, s, ...z, is a subset oD; x ... x D,. A CSP
of ports namelymem._march_ports, which renders this com- is formally defined a set of constraints restricting the values that the
munication possible only at M\Pipeline also communicates variables inX' can simultaneously.
with its internal stages acting as an interface to readéwrif solution to a CSP is the assignment of a value to every
the memory and provide it to/from the different stages. The@riablez; in X from its domainD;, such that all constraints
ipeline registers are modeled using tRegister entity. The are satisfied. Consider the behavior of a hypothetical instr
Punctiona_lity of the stages of a pipeline vary widely, buncation foo and its corresponding constraints shown in Figure 5
be described using some basic building blocks such as MU an illustration for CSP generation in MMV. Hezeand b
ALU and adders. The MV is the most complex level in MMVare the inputs and is the output. Let the variables, by, co
and various distinctly across processors based on whétaer fiepresent the values afb andc before the execution dbo.
execution is speculative, out-of-order, etc. Therefore, do The outputc can get a new value during the execution of the
not provide a framework with the such elaborate modelirigstruction that is captured by introducing a new variagle
capability. However, one of the foremost advantage of Ehe constraint states that if the conditiany > 1 && by < 2)
metamodeling-driven modeling framework such as MMV & true thenc, is set to2 elsec; is set toc.
the ease of extension. As a result, MMV’s microarchitecture

view can be quickly extended to in-cooperate memory arrays Behavior: i(fi?nstrginltsa& b <o )

a c1 =
and state machines to model re-order buffers and register | if?a 188 b<2)c=2 it > 1 && by < 3) Ver = co
tables. '{wo poszsib e teslt cases:0 )

. -ap = 4,00 = 1,¢c0 =Y, 1 =
D. Code Generation 2.a0 = 1,bp = 3,c0 =0,c1 =0

During modeling, the metamodel entities are instantiatedlg. 5. Behavior & Constraints corresponding to instruztioo and test
characterized and connected to describe the micropraceggge generation
model. These entity instances and connections are callecte The test generator will solve the CSP and generate values
and populated into a model database. GME provides .ghBLao,bO,c andc; such that the two constraints are satisfied.

ropriate API calls to interface with the database, whi o example test cases generated by the test generatoes giv
acilitates easy access to model elements and a way to perfgy ipe Figure 5. In the first exampley = 2 andby = 1. These
analysis. In MMV, model interpretation is carried out anga|yes satisfy the first constraint and hengeis set t02.
the result is a translation of the model into some targefin take any value from ita domain. In this example it takes
that allows microprocessor validation. Some of the comm@Re yajye. Yn the second example, the values assigned for
targets are functional simulators, test generator, c@eeraols , “andp, satisfies the second constraint. This implies that

]

etc. During translation the model is analyzed in its curre i i i i
abstraction as well as across abstractions and the elem no;[ergrcggﬁ?sbgftg]rethnestg;(g%%g% OHj?OnOcegﬁbmg Ygﬁ??ﬁ%

are extracted into homogeneous sets. These sets are tr ; ;
uniformly during target-specific code generation. Them@fo Xamﬁ‘;cg(’) ttg?(g’éj‘ 't‘heeo\fgﬁgogen&hﬁeeﬁfe? tgl)googos%igljﬂégl.s
our translation has two stages: T) Extraction process &@hd (e ’ '

Target-specific code generation. In Section 1V, we discosg h V. CASE STUDY: MODELING VESPA INMMV

the models are converted into Constraint Satisfaction|Enob . . .
for test generation. We illustrate the modeling of Vespa [6], a 32-bit RISC

Note that the extraction process blindly follows the corrocessor using MMV at the system, architecture and mieroar
tainment hierarchy and aspect partitioning in MMM ang@hitecture abstractions.
populates the respective structure. These structures @tre c& .
shared between abstractions and this lets the code genterats\ System-level Modeling
be oblivious to the abstraction level. The extraction iadetl Vespa System Model: We model the interaction of the
in [4]. The TICG is a templated function that is an integrattpareal-time software scheduler, processor and timer of Vespa
of the code generation and is very target-specific. It pevéor at the system-level, which is shown in Figure 6. The state
translation based on the instance passed to it as an argumerichine description of each component is shown in figure 7.
We do not describe its implementation specific details g thi
paKer due to lack of space. )

s a part of code generation, we translate the microproces-
sor models into an intermediate XML representation (XML-
IR), which has a well-defined schema. The XML-IR is detailed Task_Scheduler
in" [4]. The XML-IR functions as a middleware between the
visual modeling framework and the textual interface predid
through MDL. MDL has a one-to-one correspondence with ;g:Cexp
XML-IR and a simple Perl parser provides the conversion. il
Similarly, the XML-IR is converted using a non-trivial XML Timer
parser into XME that MMV can visualize. core0

IV. CONSTRAINTSFOR TEST GENERATION Fig. 6. System-level model of Vespa

MMV facilitates automatic test generation as one of its-vali
dation targets. A test generators takes the processorioelaav ~ TIMER : It is modeled as a down counter with three states
input and automatically formulates valid test cases. Adase namely INIT, DECREMENT and EXPIRED. The timer has an
is defined as a set of inputs, execution conditions and eggecinternal variablégcntthat holds the counter value. It is modeled
outputs that are developed for a particular objective, sach as aVariable, which is initialized by an input in the INIT state.
to exercise a particular path in the implementation or tafyer The timer has three inputs: (i) timer’s initial valueal, (ii)
its compliance with a specific requirement. For this target, load flag and (iii) clock. It also has an output callespiry
TICG converts the description into a program flow graph dihat is used to say when the timer has reached zero. These
which it performs static single assignment (SSA) analyeis aare modeled a®ports. The timer’s internatcnt is initialized
writes out print-streams that translate the ro%ram flowlgrawith tval when theloadtimerinput is activated. Then the timer
into constraint satisfaction problems (CSPE The CSP isrgivmoves into DECREMENT, where in the subsequent clock
as input to a test generator that solves these constraidts aycles thetcnt becomestcnt - 1. Whentcnt becomes zero,
generates test cases. the timer transitions to EXPIRED and the outgxpiry is set.

—




done =0

done =0 UPDATE:
/ task[head].PC = sPC;
- task[head]. REG =
load = 1 load = 0 done =1 tesptpead

INIT: INIT: head =
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Fig. 7. Behavior of the timer, processor and scheduler

In this state if theload is activated, the timer will de-assertB. Architecture Model

expiry and jump to INIT. . Vespa Architecture Model: The architecture of Vespa
PROCESSOR It is modeled as an FSM with three stategnsists of 32 General Purpose Registers (GPRs), four flag bi
the done input, it goes to the SUSPEND state and sendy( the zero bit (Z) and a set of 30 RISC Instructions [6]. All
the status of the executing task to its output pgi3C, instructions defined in the architecture of Vespa were neatlel
andpREG,. On receiving thdoad input, the processor will jn MMV. Due to lack of space, we only show the behavior of
transition to the INIT state and initializé’C' and REG  addinstruction, its model in MMV and the CSP generated by
with the values in the input port®C; and REG; and then the code generator.
Eg%flls't'ons to the EXECUTE state to begin executing the neWThe pseudo code of the behavioraafdinstruction is shown
: . ..in figure 9. The source operands and destination operands of
SCHEDULER: The scheduler controls which task W'”iadd%resrcl, scmanddest?espectively. The first stateenent in
execute in the RFOCGSSOY core at any given time. We modefi@ pseudo code performs thdd operation and it is followed

simple static scheduling algorithm in the scheduler [7].tAé |,y statements that calculate the value for the flag bits based
tasks are assumed to be periodic and the time taken to exe#?%qhe result of the addition.

an%/ task is assumed to be constant and deterministic. The
scheduler maintains the details of all the tasks in a taski€ue, gest = src1 + src2
task modeled as &tructure. When the scheduler receives. camyflag = ((( (srcl & src2) |

the timer done inpute(zpiry), it wakes up and saves the state &5 & :gggg)g 2
of the suspended task in Its task queue. It increments thet hea 2°BitSize-1 ) >> BitSize-1)

pointer to point to the next task in the queue and sends the PGESad = {2880 5= ;0 4

and register state of the next task to its output peft§’, and 5. overflowflag = ((( (srcl & Isrc2 & Idest) |
sREG,. It setstval with the period of the task and asserts Gt $1°2 S pdesd J&
the load signal.

The state machine representation at the system level hides
the actual implementation of the different components. In
the subsequent levels, these state machines will be mgnuall _ )
refined to include more details. In the architecture leves, t Constraints for ADD Instruction: The CSP generated
model of the processor core will be refined to include they MMV for add instruction is shown in figure 10. The
details in the ISA and the scheduler will be implementedgisigenerated CSP is a direct translation of the behawidd
the assembly language of Vespa. In the microarchitectues, le instruction. Variables with subscriptandn holds the value of
the timer will be refined as a hardware block that interactae GPR’s and the flag bits before and after the execution of
with the pipeline of the processor using interrupts. In Bect add Complex instructions have conditional statements irrthei
V-B and V-C we show how the processor is refined in thieehavior. The code generator will generatefaconstraint for
architecture and microarchitecture abstractions. Dueat | every conditional statement in instructions behavior. €&
of space we do not show how the scheduler and the timemiultiple instructions can be generated by assigning thputut
refined in the subsequent abstraction levels. variaBIes of one instruction as the input variable to tﬁet nex

Constraints for System Model: The CSP for the sched- instruction in sequence.
uler in the system model is shown in figure 8. The code
generator in MMV generates &h constraint for every tran- gest, = srci, + sre2,,
sition in the FSM. Theif constraint will guard the action c» = ((((srcln & src2y) |
prerformed in the state which the system will transition to. ~ (sreln & destn) |~ .

he CSP represents the behavior of the HFSM for one time_ {7772 & {festn)) 279 >> 31
step. Variables subscripted yandn stores the state befores, = gest,, >> 31
and after the time step, respectively. CSP’s for multipheeti v~ = (((srcln & lsre2, & ldestn)]
steps can be generated by generating one CSP for every time (‘s7¢ln & sre2y & desty)) & 277) >> 31)

Fig. 9. Pseudo code for the behavioraifd instruction

step and chaining the variables. The variables represggtite Fig. 10. Constraints generated for ADD in MMV
nextstate of one CSP will be used as thveviousstate of the
next CSP.

C. Microarchitecture Model
Reder ) Vespa Microarchitecture Model: Vespa is modeled as
task[head,].PC = sPC;,, && task[head,].REG = sRegi, a scalar, single-issue, 5-stage pipelined processor inmihe
h]egagn = (hea]gh+ % ;%\IGTH croar_chﬂecftt;re level le abstraction .[6].I_The m[croaret(njiure ‘
sPCo, = task[heady]. consists of five pipeline stages, pipeline registers, data
o b e B warding logic andp ports to access memory. The ports are
load, = 1 o visible only at this level of abstraction. The register fitethe

microarchitecture abstraction refers to the register séhed

in the architecture abstraction. All registers defined i -
chitecture abstraction should be mapped to a physical asldre
in the register file at the microarchitecture abstractiohisT

Fig. 8. Constraints generated for the system model of theegsmr



OCL constraint was added in MMV to maintain consistencip verify if two models defined in different abstraction leve
across the abstraction levels. Due to lack of space we oﬂra%e consistent with one another. Bakshi etal [15] proposed
show the model of IF stage and its CSP generated by LAN, a framework built using GME, for designing mi-
code generator. The behavior of the other stages of Vespa casprocessors at the RTL level of abstraction. MILAN is
be found in [6]. . ) a modeling tool, while MMV is used for microprocessor
Figure 11 shows the internals of the IF pipe stage. IF stagalidation. Furthermore, MILAN does not facilitate moahi
communicates with the ID stage by updating IR2 and PGRe microprocessor in different abstraction levels. Bal Et6
registers respectively. The address of the current inghrugs proposed a random test generation framework for_system,
stored in PC. During normal operation, the IF stage fetchaschitecture and microarchitecture levels of abstractiime
the current instruction from the memory via the paddr and rE]agper does not clearly mention the modeling environmerd use
Data using the address stored in PC. It then increments trecreate the different models.
PC by 4 to point to the next instruction in sequence. The mul-
tiplexers IRMUX, PC2MUX and PCMUX control the value VII. CONCLUSION
that updates théR2, PC2 and PC registers respectively. The In this paper, we proposed a microprocessor validation
control signals for the multiplexers are generated by afdazanvironment based on a metamodeling framework. The envi-
detection and control logic in the processdrR2 can either ronment supports the creation of models at various abgiract
be updated with the instruction fetched from the memory, lavels, and keeping models at neighboring levels of absbrac
NOP or the recirculated value of the curreii®2 in case of consistent. This is an important feature for validatiorgnal
agpelme stall. SimilarlyPC2 can either be updated withwith the requirement that this consistent set of models be
PC + 4 or the current value o’C2 depending on whether utilized for generating important validation collaterals
the pipeline is stalled or not. PC can be updated viAtti+ 4, We demonstrated the concept by modeling a 32 bit RISC
the current value oPC or the branch target address in peft  processor, Vespa, at the system, instruction set architect
The value inz4 is calculated in the EX stage of the processoand microarchitecture levels. We showed how consistenc
across levels is enforced during modeling and gave an examp
] of generating constraints from the model for automatic test
Addr i generation. _ _
L - In the future, we intend to extend the environment for
Data " creating other validation collaterals, viz., software glation,
2 hardware synthesis for emulation, and coverage analysis.
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