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RNALYZING A ROBOTIC SURGEO



https://www.newscientist.com/article/mg24232342-300-robotic-surgery-is-turning-out-to-be-an-expensive-fad/
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SMILIB

(declare-datatype SupportedRate ((|2]|) ([3]) ... (]|224|) (]|236])))
(declare-datatype SupportedRatesElement
( (SupportedRatesElement
(SupportedRatesElement/Id Int)
(SupportedRatesElement/Body (Seq SupportedRate)))))
(declare-const sre SupportedRatesElement)
;, Note that we need to specify these as assertions rather than as
,, part of the type definition for SupportedRatesElement
(assert (and (>= (seq.len (SupportedRateskElement/Body sre)) 1)
(<= (seq.len (SupportedRateskElement/Body sre)) 8)

(= (SupportedRatesElement/Id sre) 1)))




SMILIB

(declare-datatype RequestElement ;, Over 2800 LoC!
((RequestElement ;, See repo for model.
(RequestElement/Id Int)
(RequestElement/Length Int)
(RequestElement/Body (Seq (_ BitVec 8)))))
(declare-const req RequestElement)
;, Note that we need to specify these as assertions rather than as
,, part of the type definition for RequestElement
(assert (and (= (RequestElement/Id req) 10)
(= (RequestElement/Length req)
(seqg. len (RequestElement/Body req)))
(<= (seq.len (RequestElement/Body req)) 255)
(or (<= (RequestElement/Length req) 1)
(bvult (seg.nth (RequestElement/Body req) 0)
(seqg.nth (RequestElement/Body req) 1))
: ;, 252 occurrences elided
(or (<= (RequestElement/Length req) 254)
(bvult (seg.nth (RequestElement/Body req) 254)
(seg.nth (RequestElement/Body req) 255))))
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3 (in-package "ACL25")

(add-include-book-dir :wifi-model "fhome/drew/res
& (include-book "acl2s/sorting/sorting" :dir :system :ti
& (include-book "defdata-helpers" :dir :wifi-model)
& (include-book "deflist" :dir :wifi-model)

(defdata exactl1)

(defdata SupportedRatesType

(defdata-list SupportedRate1-8 SupportedRatesTypi

(defdata SupportedRatesElementType

(defdata exact1010)

(defnatrange uint8 (expt 2 8))

(defdata-ordered-list byte255-increasing uint8 0 22

(defdata RequestElementType

(nth-RequestElementType 1234)

<end>

Window Help
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[ wifi-example.lisp X

(in—package "ACL23S")

(add-include-book-dir :wifi-model "/home/drew/research/papers/2022-

(include-book "acl2s/sorting/sorting"
(include-book "defdata-helpers" :dir
(include-book "deflist" :dir

(defdata exactl 1)
(defdata SupportedRatesType

(enum

182 194 200 224 236)))

CLZS

:dir :system
:wifi—-model)

:wifi-model)

:ttags

(defdata—-1list SupportedRatel-8 SupportedRatesType 1 §)

(defdata SupportedRatesElementType
(record
(ElementID
(Body

exactl)
SupportedRatel-8)))

(defdata exactl0 10)
(defnatrange uint8 (expt 2 8))

. .
rr

natural number < 278

(defdata—-ordered-1list byte255-increasing uint8 0 255)

(defdata RequestElementType

(record
(ElementID exactl0)
(Body byte255-increasing)))

(nth-RequestElementType 1234)

rall)

'(2 345 6 9 11 12 18 22 24 36 44 48 54 66 72 96 108 130
131 132 133 134 137 139 140 146 150 152 154 164 172 176

Q 'H

& *wifi-example.lisp.a2s X

Ready for commandinput ACL2s Mode

Form: (
Form: (
Form: (
Form: (

defthm requestelementtypep-body—-inve
table acl2::ruleset-table ...)
MAKE-EVENT (let* ...))

IN-THEORY (disable¥* <))

Tau characterization events...

Defdata/Note:

Form: (
Form: (

requestelementtypep relatively
defthm def=>requestelementtype ...)
defthm requestelementtype=>def ...)

Enumerator events...

Form: (
Form: (
Form: (
Form: (

Time: 0.

defun nth-requestelementtype-builtin
defun nth-requestelementtype/acc-bui

PROGN (set-bogus—-defun-hints-ok t)
ENCAPSULATE NIL (logic) ...)
30 seconds (prove: 0.24, print: 0.00

Registering type...

Form: (

Form: (

Form: (

Form: (
.)

Form: (
.)

Form: (

defun nth-requestelementtype ...)
ENCAPSULATE (((nth-requestelementtyp
defun nth-requestelementtype/acc
ENCAPSULATE (((nth-requestelementtyp

DEFATTACH (nth-requestelementtype nt

DEFATTACH (nth-requestelementtype/ac

nth-requestelementtype/acc-builtin) ...)

Form: ( table type-metadata-table ...)
Form: ( PROGN (local ...) ...)
Form: ( ENCAPSULATE NIL (logic) ...)
Time: 0.01 seconds (prove: 0.00, print: 0.00
Form: ( MAKE-EVENT (defdata::register-type—f
Time: 0.01 seconds (prove: 0.00, print: 0.00
Form: ( ENCAPSULATE NIL (with-output :on ..
Time: 0.02 seconds (prove: 0.00, print: 0.00
Form: ( PROGN (encapsulate nil ...) ...)
Time: 0.32 seconds (prove: 0.24, print: 0.00
Form: ( ENCAPSULATE NIL (with-output :off ...
Time: 0.34 seconds (prove: 0.24, print: 0.00
t
ACL2S !>VALUE (nth-RequestElementType 1234)
((:0tag requestelementtype)
(:body 156)
(:elementid 10))
ACL2S !>

Writable

Insert 27:1:922
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ACL25 MODEL
(defdata exactl 1)

(defdata SupportedRatesType (enum '(2 3 4 ... 200 224 236)))
;, This describes a list with length 1-8 inclusive with elements
,, that all have type supportedRatesType
(defdata-list SupportedRatel-8 SupportedRatesType 1 8)
(defdata SupportedRatesElementType
(record
(ElementID . exactl)
(Body . SupportedRatel-8)))




ACL25 MODEL

(defdata exactl1l0 10) ,;,; 7 ACL2s lines vs 2k (extended) SMTLIB lines!
(defnatrange uint8 (expt 2 8)) ,, natural number < 2/8
(defdata-ordered-list byte255-increasing uint8 0 255)

(defdata RequestElementType

(record
(ElementID . exactl0)
(Body . byte255-increasing)))

;, ACL2s definition includes all of the constraints we had to add as
- extra assertions 1n the SMTLIB model for this field!
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£3 PEREORMANCE
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ACLZS PEREORMANCE
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ENUMERATIVE DATA TYPES

Defdata framework automatically generates enumerators

enumerator forT:ep : N — T

er generates elements of I’ entirely through computation!

Counterexample generation framework: synergistic integration of theorem proving and

testing using enumerators



clUMERATORS AND DEPENDENCIES

(acl2s-defaults :set sampling-method :uniform-random)
(defdata-list upto-10-nats nat 1 10)
(defdata foo

(record (f1 . upto-10-nats)

(f10 . upto-10-nats)))
(definec foo-size (x :foo) :nat
(+ (length (foo-fl1 x))

iiéngth (foo-10 x))))
(property (x :foo)
(!'= (foo-size x) 100))




IEW [DEA: ERTENDING ENUMERATORS T0 DEPETIDENT TYPES
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[\EW [DEA: ERTENDING ENUMERATORS T0 DEPETIDENT TYPES
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[\EW [DEA: ERTENDING ENUMERATORS T0 DEPETIDENT TYPES

eDT

sover ——P —‘

e allow users to define dependent types with
parameters

e parameters associated with functions over
values: length, eftc...

e given parameter values & seed, enumerator ey
can compute element of type DT



[IEW [DER: EHTENDING ENUMERATORS T0 DEPENDENT TYPES

(= 100 (+ length-foo-f1-x ...
length-foo-f10-x))

C - solver

length-foo-f1-x = 10

length-foo-f10-x = 10

(foo (€,50.10.nas 1| lENgth-foo-f1-x)

N E -
(€uototonats LY length-foo-f10-x))

upto
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FUTURE WORK

e Integrate into ACL2s

e Formalize theory for ACL2s

e Support more languages!

e Formal Methods for the masses.



CONCLUSION

e Enumerative dependent types are powerful!
e Minimize constraint solving, push into enumerators
e Consider using them in your tools.
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