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Context and M otivation

O TIMA: éectronic design and CAD

O A long experiencewith HDL's

O Involvement with VHDL
4+ Participation in | EEE standardization
4+ Previous attempts at formal semantic definition
4+ Useof NQTHM

O Objective: automate the formal verification
4+ of theinitial designer's high-level specifications
4 in areadable model
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Approach

System Description in VHDL
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Standard VHDL language and packages

Package

Std logic 1164

v
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Package

User

Numeric Std Description

Package

Numeric_bit
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Corresponding ACL 2 Approach

Std logic.lisp

v
Numeric_Std.lisp

Numeric_bit.lisp

Standard.lisp
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Formalization of aVHDL subset

6M acros are used to define models for uninstanci ateh
statements

O After instanciation, these models automatically
generate
4+ Definitions
4 Theorems
4+ Constants
4+ Miscellaneous oper ations (e.g. state modifications)

/
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Enumerated data type

Typecolor is(Green, Yellow, Red, Blue, White);

ACL2 MACRO
(vhdl_type" color"” :is(" Green" "Yelow" "Red" " Blue" "White"))

GENERATESDEFINITIONS :
COLOR-P (X)
ORDER<_COLOR (X Y)

GENERATES THEOREMS:

-COLOR _SIGNATURE_LEMMA
- ORDER<_COLOR_SIGNATURE_LEMMA
- ORDER< COLOR WELL _FOUNDED RELATION

GENERATES CONSTANT:
*COLOR*  (8("Green" "Ydlow" "Red" "Blue" " White"))
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Ascending Interval

TypeByteisrange0to 7;

ACL2MACRO
(vhdl _type" byte" :is range (0 "to" 7))

GENERATES DEFINITIONS :
BYTE-P (X)
GENERATES THEOREMS:
BYTE_SIGNATURE_LEMMA
GENERATES CONSTANT:
*BYTE* (7 (0 "to" 7))
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Descending Interval

TypeWord isrange 31 downto O;

ACL2 MACRO
(vhdl_type"word" :is range (31" downto" 0))

GENERATESDEFINITIONS :
WORD-P (X)

GENERATESTHEOREMS:
WORD_SIGNATURE_LEMMA

GENERATES CONSTANT:
*WORD* (7 (31 "downto" 0))
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Unconstrained array type

Type ScratchPad isarray (integer range <>) of integer;

ACL2 MACRO
(vhdl_type" scratchpad" :is array "integer" :range" <>" :of "integer")

GENERATESDEFINITIONS :
SCRATCHPAD-P (X)

GENERATES CONSTANT:
*SCRATCHPAD* (5 integer integer)
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Skeleton of macro type

(DEFMACRO vhdl_type (name & key
(is_range'nil is_rangep)
(is_ array 'nil is_arrayp) (range'nil rangep) (of 'nil))
(is'nil isp)
(cond
(is rangep "(progn
(defun ,(intern (concatenate 'string (string-upcase name) "-P") "ACL2") (X) ...)

( ,(intern (concatenate 'string ) "ACL2") ..)

(defthm ,(intern (concatenate 'string (string-upcase name)
" SIGNATURE LEMMA")"ACL2") ..)))

(is_ arrayp (progn
( ,(intern (concatenate 'string ) "ACL2") ..)
(defun ,(intern (concatenate 'string (string-upcase name) "-P") "ACL2") (X) ...)))

(isp “(progn
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Skeleton of macro type

(isp “(progn
(defun ,(intern (concatenate 'string (string-upcase name) " -P") "ACL2") (X) ...)
(defun ,(intern
(concatenate 'string " ORDER< " (string-upcase name)) "ACL2") (xy) ...)
( ,(intern (concatenate 'string ) "ACL2")..)
(defthm ,(intern
(concatenate 'string (string-upcase name) " SIGNATURE_LEMMA") "ACL2") .J)
(defthm ,(intern
(concatenate 'string " ORDER< " (string-upcase name" SIGNATURE_LEMMA"))
"ACL2")..)
(defthm ,(intern (concatenate 'string " ORDER< " (string-upcase name)
" WELL FOUNDED RELATION") "ACL2")..)))

VDS Dominique Borrione & Philippe Georgelin 13



Standard and Numeric_Bit packages

O Two standard Vhdl packages:
4 standard: all typesand operators of the LRM
4+ Numeric_Bit: arithmetic inter pretation of bit-vectors

O Example:
4+ (vhdl _type" BIT" :is(#\0 #\1))
with and, or, xnor, €tc ...
4+ Unsigned, Signed
with +,-,*,/, or, and, <, <=, €tc ..

L 4
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i First notion of " modedl state" ?

O Fidds :
4 Memory (for signalsand variables) M
4 Processes of the architecture PR
4 The program countersof each process PC

O Thestate evolves with theinterpretation of the statements

r é -
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is("ind1l" "ind2" "ind3" "ind4"))
(vhdl_type"tab _index" :is_array *index* :of "integer")

(vhdl _variable"varl" :type "integer")
(vhdl _variable"var_tab" :type* Tab*)

(vhdl_variable"var_index" :type *tab_index*)
(vhdl_signal "sig" :type "integer")

({=}"varl" "a")

({=}"varl" '(+"b" "varl"))

({=} "var_tab" '(12345):range'(2"to" 6))
({=} "var_index" '("a" "b") :range'("ind2" "to
({<=} "sig" "var1")
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is("ind1l" "ind2" "ind3" "ind4"))
(vhdl_type"tab _index" :is_array *index* :of "integer")

(vhdl _variable"varl" :type "integer")
(vhdl _variable"var_tab" :type* Tab*)

(vhdl_variable"var_index" :type *tab_index*)
(vhdl_signal "sig" :type "integer")

({=}"varl" "a")

({=}"varl" '(+"b" "varl"))

({=} "var_tab" '(12345):range'(2"to" 6))
({=} "var_index" '("a" "b") :range'("ind2" "to
({<=} "sig" "var1")

Memory

varl=0

Var _tab = ((10)
(20)
(30)
(4 0)
(50)
(60)
(7 0)
(80))
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is("ind1l" "ind2" "ind3" "ind4"))
(vhdl_type"tab _index" :is_array *index* :of "integer")

(vhdl _variable"varl" :type "integer")
(vhdl _variable"var_tab" :type* Tab*)

(vhdl_variable"var_index" :type *tab_index*)
(vhdl_signal "sig" :type "integer")

({=}"varl" "a")

({=}"varl" '(+"b" "varl"))

({=} "var_tab" '(12345):range'(2"to" 6))
({=} "var_index" '("a" "b") :range'("ind2" "to
({<=} "sig" "var1"))

Memory

varl=0

var_tab =((10)
(20)
(30)
(40)
(50)
(60)
(70)
(80))
var_index = (("ind1" O)
("ind2" 0)
("ind3" 0)
("ind4" 0))
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is ("ind1l" "ind2" "ind3" "ind4"))

(vhdl_type "tab_index" :is_array *index* :of "integer") Memory

varl=0

(vhdl_variable"varl" :type "integer") var_tab = ((10)
(vhdl _variable"var_tab" :type* Tab*) (20)
(30)

(vhdl_variable"var_index" :type*tab_index*) g 8;

(vhdl_signal "sig" :type "integer") (60)
({=}"varl" "a") (7 0)
{=}"varl" '(+"b" "varl")) (80)

({=} "var_tab" '(12345):range'(2"to" 6)) var_index = ((|nd1 0)
({=}"var_index" '("a" "b") :range'("ind2" "to" "ind3")) E:Egg 8;
(i<=p"sg" “varl’) ("ind4" 0))
signow= 20

sig next=0

i a B -
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is ("ind1l" "ind2" "ind3" "ind4"))

(vhdl_type "tab_index" :is_array *index* :of "integer") Memory

varl="a"

(vhdl_variable"varl" :type "integer") var_tab = ((10)
(vhdl _variable"var_tab" :type* Tab*) (20)
(30)

(vhdl_variable"var_index" :type*tab_index*) g 8;

(vhdl_signal "sig" :type "integer") (60)
({=}"varl" "a") (7 0)
{=}"varl" '(+"b" "varl")) (80)

({=} "var_tab" '(12345):range'(2"to" 6)) var_index = ((|nd1 0)
({=}"var_index" '("a" "b") :range'("ind2" "to" "ind3")) E:Egg 8;
(i<=p"sg" “varl’) ("ind4" 0))
signow= 20

sig next=0

i a B -
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is ("ind1l" "ind2" "ind3" "ind4"))

(vhdl_type "tab_index" :is_array *index* :of "integer") Memory

varl=(+"b""a")
(vhdl_variable"varl" :type "integer") var_tab = ((10)
(vhdl _variable"var_tab" :type* Tab*) (20)
(30)

(vhdl_variable"var_index" :type *tab_index*) (40)
(50)

(vhdl_signal "sig" :type "integer") (60)

(=) "var1" "a") (70)
{=}"varl" '(+"b" "varl")) < (80)

({=} "var_tab" '(12345):range'(2"to" 6)) var_index = ((|nd1 0)
({=}"var_index" '("a" "b") :range'("ind2" "to" "ind3")) E:Egg 8;
(i<=p"sg" “varl’) ("ind4" 0))
signow= 20

sig next=0
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is ("ind1l" "ind2" "ind3" "ind4"))

(vhdl_type "tab_index" :is_array *index* :of "integer") Memory

varl=(+"b""a")
(vhdl_variable"varl" :type "integer") var_tab = ((10)
(vhdl _variable"var_tab" :type* Tab*) (21)
(32)

(vhdl_variable"var_index" :type *tab_index*) (43)
(54)

(vhdl_signal "sig" :type "integer") (6 5)

(=) "var1" "a") (70)
{=}"varl" '(+"b" "varl")) (80)

({=} "var_tab" '(12345):range'(2"to" 6)) <+ var_index = ((|nd1 0)
({=}"var_index" '("a" "b") :range'("ind2" "to" "ind3")) E:Egg 8;
(i<=p"sg" “varl’) ("ind4" 0))
signow= 20

sig next=0
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is("ind1" "ind2" "ind3" "ind4"))
(vhdl_type"tab index" :is_array *index* :of "integer")

(vhdl_variable"varl" :type"integer")
(vhdl _variable"var_tab" :type* Tab*)

(vhdl_variable"var_index" :type*tab_index*)

(vhdl_signal "sig" :type "integer")

{=}"varl" "a")

{=}"varl" '(+"b" "varl"))

({=} "var_tab" '(12345):range'(2"to" 6))

({=} "var_index" '("a" "b") :range'("ind2" "to" "ind3")) <

Memory

({<=}"d€g" "varl")

varl= (+"b" "a")

var_tab = ((10)
(21)
(32)
(43)
(54)
(65)
(70)
(80))
var_index = (("ind1" 0)
("ind2" "a")
("ind3""b")
("ind4" 0))
signow= 20
sig next=0
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Example

(vhdl_type"Tab" :is array (1 "to" 8) :of "integer")
(vhdl_type"index" :is ("ind1l" "ind2" "ind3" "ind4"))

(vhdl_type "tab_index" :is_array *index* :of "integer") Memory

varl=(+"b""a")
(vhdl_variable"varl" :type "integer") var_tab = ((10)
(vhdl _variable"var_tab" :type* Tab*) (21)
(32)

(vhdl_variable"var_index" :type *tab_index*) (43)
(54)

(vhdl_signal "sig" :type "integer") (6 5)

(=} "var1" "a") (70)
({=}"varl" '(+"b" "varl")) (80))

({=} "var_tab" '(12345):range'(2"to" 6)) var_index = ((|nd1 O)
({=}"var_index" '("a" "b") :range'("ind2" "to" "ind3")) E:Egg;‘))
({<=}"s€ig" "varl") <+ (ind4” 0))
sig now= 0

sig_next = (+"b" "a")
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i Conclusion

O Hopes.
4 Increased readability of circuit modelsin ACL2
4+ Improveindustrial acceptance of theorem proversin Europe
O Early stage
4+ Few VHDL statementsin our subset
4+ Noreal circuit hasbeen verified
4+ Hand madetrandation
O Next steps
4 Finiteloops (macros perform unrolling), including nested loops
4 Structural architectures with |IF and FOR .. GENERATE.
4+ Generic parameters.
4+ Time
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