
BottomBottom--Up ModelingUp Modeling
Agile Code Generators Agile Code Generators 
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ContextContext
NNameame: Dave Whipp: Dave Whipp

CCompanyompany: Fast: Fast--Chip Inc.Chip Inc.

PProductroduct: 10Gbps Network Services : 10Gbps Network Services 
ProcessorProcessor

RRoleole: Front: Front--End Design VerificationEnd Design Verification
PPeopleeople: Team of Six: Team of Six



SMUG02SMUG02 ©2002. Fast©2002. Fast--Chip Inc.Chip Inc. 33

Registers: Domain ModelRegisters: Domain Model

Interrupt
•Name
•Polarity

Field
•Name
•Width

Register
•Name
•Address
•Width
•Read Only

Register Field
•Index Low

Bit Set Enumerated Field Ranged Field
•Lower Bound
•Upper Bound

Named Value
•Name
•Value

**
*

* *

*

1

*
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The SoftwareThe Software
““CC--model” of ASICmodel” of ASIC
–– Golden Model for design verificationGolden Model for design verification
–– Also to be supplied to customersAlso to be supplied to customers
–– Run in embedded environmentRun in embedded environment

Code in C for portabilityCode in C for portability

Cycle and Priority accurate for DVCycle and Priority accurate for DV
Functionally accurate for customersFunctionally accurate for customers
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““C6” MethodologyC6” Methodology
Six people; Cost of bugs negligibleSix people; Cost of bugs negligible

–– Avoid aAvoid a--priori architecture decisionspriori architecture decisions
–– The source code is the designThe source code is the design
–– DTSTTCPW and YAGNIDTSTTCPW and YAGNI

Agile ManifestoAgile Manifesto

See Also: “Agile Software Development”, Alistair Cockburn
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Registers: “C” RepresentationRegisters: “C” Representation
Uint64 register_read(int chip_id, Uint32 address)Uint64 register_read(int chip_id, Uint32 address)
{{

switch (address)switch (address) {{
……

case ERX_TestModeReg:case ERX_TestModeReg:
return test_mode[chip_id]return test_mode[chip_id]-->mode2_en << 1>mode2_en << 1

| test_mode[chip_id]| test_mode[chip_id]-->mode1_en << 0>mode1_en << 0;;

case ERX_MCTRP:case ERX_MCTRP:
……

}}
}}



SMUG02SMUG02 ©2002. Fast©2002. Fast--Chip Inc.Chip Inc. 77

Taxonomy of Code GenerationTaxonomy of Code Generation
AssemblerAssembler
CompilerCompiler
Partial AssemblerPartial Assembler
Partial CompilerPartial Compiler

PrePre--ProcessorProcessor
MetaMeta--compilercompiler

(syntax mapping)(syntax mapping)
(semantic mapping)(semantic mapping)
(many UML tools)(many UML tools)
((Lex/YaccLex/Yacc))

WizardWizard
RoundRound--TripTrip
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Registers: “C” RepresentationRegisters: “C” Representation
Uint64 register_read(int chip_id, Uint32 address)Uint64 register_read(int chip_id, Uint32 address)
{{

switch (address)switch (address) {{
……

case ERX_TestModeReg:case ERX_TestModeReg:
return test_mode[chip_id]return test_mode[chip_id]-->mode2_en << 1>mode2_en << 1

| test_mode[chip_id]| test_mode[chip_id]-->mode1_en << 0>mode1_en << 0;;

case ERX_MCTRP:case ERX_MCTRP:
……

}}
}}
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Tools for BottomTools for Bottom--Up ModelingUp Modeling
Refactorings:Refactorings:
–– Introduce Code GeneratorIntroduce Code Generator
–– Introduce Meta DataIntroduce Meta Data

Analyze the CodeAnalyze the Code
–– Variation AnalysisVariation Analysis
–– The Magnifying GlassThe Magnifying Glass

UnificationUnification
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RefactoringRefactoring
Change structure of existing codeChange structure of existing code
–– Without changing its Without changing its externalexternal behaviorbehavior

Well defined steps (mechanical?)Well defined steps (mechanical?)
Supported by tests (or proofs)Supported by tests (or proofs)

Refactoring Code GeneratorsRefactoring Code Generators
–– What is “External Behavior”?What is “External Behavior”?



SMUG02SMUG02 ©2002. Fast©2002. Fast--Chip Inc.Chip Inc. 1111

Introduce Code GeneratorIntroduce Code Generator
1.1. Create TestsCreate Tests
2.2. Modify Build SystemModify Build System
3.3. Create the GeneratorCreate the Generator

4.4. Refactor the GeneratorRefactor the Generator
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Introduce Code GeneratorIntroduce Code Generator
1.1. Create TestsCreate Tests

–– Copy Copy .c.c ((.h.h) to ) to .c.gold.c.gold

Test will be “Test will be “diffdiff” against this file” against this file
–– Perfect Test!Perfect Test!
–– Complete and UnambiguousComplete and Unambiguous
–– (But be prepared to change the test)(But be prepared to change the test)
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Introduce Code GeneratorIntroduce Code Generator
2.2. Modify Build SystemModify Build System

–– Run Run .pl.pl file to create file to create .c.new.c.new
–– Diff Diff .c.new .c.gold.c.new .c.gold
–– Rename Rename .c.new.c.new to to .c.c

IssuesIssues
–– Automatic buildAutomatic build
–– Ability to be flexibleAbility to be flexible
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Simple MakefileSimple Makefile
foo.c: foo.c.plfoo.c: foo.c.pl

perl perl ––w foo.c.pl > foo.cw foo.c.pl > foo.c.new.new
diff foo.c.new foo.c.golddiff foo.c.new foo.c.gold
mv foo.c.new foo.cmv foo.c.new foo.c
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Introduce Code GeneratorIntroduce Code Generator

–– Given Given foofoo.c.c –– Create Create foofoo.c.pl.c.pl

3.3. Create the GeneratorCreate the Generator

int main ( void )int main ( void )
{{

printf(“hello, worldprintf(“hello, world\\n”);n”);
}}

print <<‘HERE’;print <<‘HERE’;
int main ( void )int main ( void )
{{

printf(“hello, worldprintf(“hello, world\\n”);n”);
}}
HEREHERE
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Introduce Code GeneratorIntroduce Code Generator
4.4. Refactor the GeneratorRefactor the Generator

–– Duplication within a generatorDuplication within a generator
–– Duplication between generatorsDuplication between generators

–– Introduce StructureIntroduce Structure
–– Create Unit TestsCreate Unit Tests
–– Work MiddleWork Middle--OutOut
–– Don’t change the output!Don’t change the output!
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Registers: “C” RepresentationRegisters: “C” Representation
Uint64 register_read(int chip_id, Uint32 address)Uint64 register_read(int chip_id, Uint32 address)
{{

switch (address)switch (address) {{
……

case ERX_TestModeReg:case ERX_TestModeReg:
return test_mode[chip_id]return test_mode[chip_id]-->mode2_en << 1>mode2_en << 1

| test_mode[chip_id]| test_mode[chip_id]-->mode1_en << 0>mode1_en << 0;;

case ERX_MCTRP:case ERX_MCTRP:
……

}}
}}
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Registers: “C” RepresentationRegisters: “C” Representation
Uint64 register_read(int chip_id, Uint32 address)Uint64 register_read(int chip_id, Uint32 address)
{{

switch (address)switch (address) {{
……

case ERX_TestModeReg:case ERX_TestModeReg:
return return test_mode[chip_id]test_mode[chip_id]-->mode2_en << 1>mode2_en << 1

| | test_mode[chip_id]test_mode[chip_id]-->mode1_en << 0>mode1_en << 0;;

case ERX_MCTRP:case ERX_MCTRP:
……

}}
}}
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Registers: Code GeneratorRegisters: Code Generator
……
switch (address)switch (address)
{{

case ERX_TestModeReg:case ERX_TestModeReg:
\\! loop ($name, $offset) ([“mode2_en”, 1], [“mode1_en”, 0])! loop ($name, $offset) ([“mode2_en”, 1], [“mode1_en”, 0])
\\! loop! loop--first { $prefix = “return”; $suffix=“” }first { $prefix = “return”; $suffix=“” }
\\! loop! loop--next { $prefix = “next { $prefix = “\\t|” }t|” }
\\! loop! loop--last { $suffix = “;” }last { $suffix = “;” }

$prefix$prefix test_mode[chip_id]test_mode[chip_id]-->>$name$name << << $offset$suffix$offset$suffix
\\! end! end--looploop

case ERX_MCTRPcase ERX_MCTRP
……
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Refactoring the Code GeneratorRefactoring the Code Generator
Consider All alternativesConsider All alternatives

IfIf
–– ““StandardStandard” refactorings too weak; and” refactorings too weak; and
–– ““Introduce Code GeneratorIntroduce Code Generator” too powerful” too powerful

Then perhapsThen perhaps
–– ““Introduce MetaIntroduce Meta--DataData” may be just right” may be just right
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Registers: Code GeneratorRegisters: Code Generator
……
switch (address)switch (address)
{{

case ERX_TestModeReg:case ERX_TestModeReg:
\\! loop ($name, $offset) (! loop ($name, $offset) ([“mode2_en”, 1], [“mode1_en”, 0][“mode2_en”, 1], [“mode1_en”, 0]))
\\! loop! loop--first { $prefix = “return”; $suffix=“” }first { $prefix = “return”; $suffix=“” }
\\! loop! loop--next { $prefix = “next { $prefix = “\\t|” }t|” }
\\! loop! loop--last { $suffix = “;” }last { $suffix = “;” }

$prefix$prefix test_mode[chip_id]test_mode[chip_id]-->>$name$name << << $offset$suffix$offset$suffix
\\! end! end--looploop

case ERX_MCTRPcase ERX_MCTRP
……
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Introduce MetaIntroduce Meta--DataData
InternalInternal
–– Describe data using [Perl] constructsDescribe data using [Perl] constructs
–– Refactor into Refactor into .pm.pm files (objects)files (objects)

ExternalExternal
–– Read from FileRead from File

.txt .txt –– record per linerecord per line

.html.html ––for tables (generate from Word?)for tables (generate from Word?)

..xmlxml –– for structured datafor structured data
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Registers: MetaRegisters: Meta--DataData
@@registers = (registers = (

TestModeReg => [TestModeReg => [
[ mode2_en => 1 ],[ mode2_en => 1 ],
[ mode1_en => 0 ],[ mode1_en => 0 ],

],],

MCTRP => [MCTRP => [
……

],],

……
););
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Introduce MetaIntroduce Meta--DataData
InternalInternal
–– Describe data using [Perl] constructsDescribe data using [Perl] constructs
–– Refactor into Refactor into .pm.pm files (objects)files (objects)

ExternalExternal
–– Read from FileRead from File

.txt .txt –– record per linerecord per line

.html.html ––for tables (generate from Word?)for tables (generate from Word?)

..xmlxml –– for structured datafor structured data
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Registers: XML RepresentationRegisters: XML Representation
<<registerregister name=“name=“TestModeRegTestModeReg” address=“” address=“00100010”>”>

<<fieldfield name=“name=“mode2_enmode2_en” offset=“” offset=“11”>”>
<<variablevariable struct=“struct=“test_datatest_data” initial_value=“” initial_value=“00” />” />

</</fieldfield>>
<<fieldfield name=“name=“mode1_enmode1_en” offset=“” offset=“00”>”>

<<variablevariable struct=“struct=“test_datatest_data” initial_value=“” initial_value=“11” />” />
</</fieldfield>>

</</registerregister>>
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Inertia of Code GeneratorsInertia of Code Generators
Generators constrain creativity!Generators constrain creativity!
People avoid changing abstractionsPeople avoid changing abstractions
–– violate encapsulationviolate encapsulation
–– edit generated codeedit generated code
–– contort metacontort meta--datadata
–– change the specificationchange the specification
–– introduce brittlenessintroduce brittleness

Overuse of Code GeneratorsOveruse of Code Generators
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Changing Generated CodeChanging Generated Code
FormattingFormatting
Refactoring (nonRefactoring (non--meta)meta)
Add local featureAdd local feature
Locally disable featureLocally disable feature
Global policy changeGlobal policy change
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Changing Generated CodeChanging Generated Code
Modify nonModify non--meta codemeta code
–– Disable Code GeneratorDisable Code Generator
–– Add / Modify (nonAdd / Modify (non--meta) testsmeta) tests
–– Edit Edit .c.c files to pass testsfiles to pass tests
–– Update Update .gold.gold files with changed files with changed .c.c filesfiles
–– Enable Code GeneratorEnable Code Generator

Modify Code Generator (pass tests)Modify Code Generator (pass tests)
Refactor Code GeneratorRefactor Code Generator
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Hierarchy Of TestingHierarchy Of Testing
Acceptance TestsAcceptance Tests
NonNon--Meta Unit TestsMeta Unit Tests
Code Generator’s Acceptance TestsCode Generator’s Acceptance Tests
–– .gold .gold texttext--diffdiff

Code Generator’s Unit TestsCode Generator’s Unit Tests
–– metameta--data not directly testabledata not directly testable

But some validation may be possibleBut some validation may be possible

RepeatRepeat
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Global ChangesGlobal Changes
Always a RefactoringAlways a Refactoring
–– Existing tests should still passExisting tests should still pass

Think Globally, Act LocallyThink Globally, Act Locally
–– Make local change manuallyMake local change manually
–– Update Code GeneratorUpdate Code Generator

Code Generator for Global UpdateCode Generator for Global Update
–– Use generated code for new Use generated code for new .gold.gold filesfiles
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DIFF := diffDIFF := diff
test: foo.c.difftest: foo.c.diff

foo.c.diff: foo.c.new foo.cfoo.c.diff: foo.c.new foo.c
$(DIFF) $^$(DIFF) $^

foo.c.new: foo.plfoo.c.new: foo.pl
perl perl ––w $^ > $@w $^ > $@

Makefile 2Makefile 2
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The Magnifying GlassThe Magnifying Glass
Be prepared to undo a refactoringBe prepared to undo a refactoring
–– But learn from the attemptBut learn from the attempt

MetaMeta--Refactoring magnifies variationRefactoring magnifies variation
–– Some variation in necessarySome variation in necessary
–– Some is notSome is not

Which is which?Which is which?
–– Eliminate unnecessary variationEliminate unnecessary variation
–– “Introduce Symmetry”“Introduce Symmetry”
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UnificationUnification
Code Generators for multiple filesCode Generators for multiple files
Discover AbstractionsDiscover Abstractions
Identify MetaIdentify Meta--DataData
Create MetaCreate Meta--Model of MetaModel of Meta--DataData
–– Model in UMLModel in UML
–– Refactor Code Generator to use UMLRefactor Code Generator to use UML
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MetaMeta--Model (XML)Model (XML)
<<packagepackage name=‘name=‘Registers_DBRegisters_DB’>’>

<<classclass name=‘name=‘RegisterRegister’ creation=‘’ creation=‘manualmanual’>’>
<<identifieridentifier name=‘name=‘namename’ type=‘’ type=‘stringstring’ />’ />
<<attributeattribute name=‘name=‘addressaddress’ type=‘’ type=‘hexhex’ />’ />
<<attributeattribute name=‘name=‘onon--write actionwrite action’ type=‘’ type=‘codecode’ />’ />

</</classclass>>
<<relationshiprelationship

from.name=‘from.name=‘RegisterRegister’ to.name=‘’ to.name=‘FieldField’’
from.multiplicity=‘from.multiplicity=‘11’ to.multipliciy=‘’ to.multipliciy=‘**’/>’/>

……
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Registers: Code ModelRegisters: Code Model
Field
•Name
•Index High
•Index Low

Register
•Name
•Address
•On-Read Actions
•On-Write Actions

Variable Field
•Struct Name
•Initial Value
•On-Write Actions

Constant Field
•Value

Derived Field
•Saturate
•Expression

Named Value
•Name
•Value

1*

*
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Meta MetaMeta Meta--Model (xUML)Model (xUML)

Member
•name
•class (R)
•type

Class
•name
•creation

Package
•name

Relationship
Relationship Role
•role

1
0..*

*
Attribute

Formalized RelationshipReference

1

1

1,2

0..*

0..* 1..*

0..*

1

1..*
Identifier

1

0..*
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TopTop--Down Vs BottomDown Vs Bottom--UpUp
Domain SeparationDomain Separation
BridgingBridging
MetaMeta--ModelModel

YAGNI and DTSTTCPWYAGNI and DTSTTCPW

BootstrappingBootstrapping
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ModelingModeling
Top Down Vs Bottom UpTop Down Vs Bottom Up

xUML

“The Model” Code Generator

«depends»«depends»
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Stability vs. AbstractionStability vs. Abstraction

“mainline”

Instability

Abstraction

Model
+

Code Generator

“OOA-of-OOA”

Source: “Stability”, Robert Martin, http://www.oma.com
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TopTop--Down Vs BottomDown Vs Bottom--UpUp
Domain SeparationDomain Separation
BridgingBridging
MetaMeta--ModelModel

YAGNI and DTSTTCPWYAGNI and DTSTTCPW

BootstrappingBootstrapping
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SummarySummary
Refactorings reveal abstractionsRefactorings reveal abstractions
–– Introduce Code GeneratorIntroduce Code Generator
–– Introduce Meta DataIntroduce Meta Data

Code Generators can be MaintainableCode Generators can be Maintainable
–– Don’t assume reuse for ROIDon’t assume reuse for ROI
–– 100% generation is not necessary100% generation is not necessary
–– CodeCode--Generator as PartnerGenerator as Partner

Be willing to experimentBe willing to experiment



QuestionsQuestions
LunchLunch


