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Contributions

@ Notion of “correct” blame

> Party that owns “bad” value and was obliged to the contract is to
blame

Tracking of ownership and obligation

indy contract system
» Contract itself can be blamed
Addition of indy contracts to Racket (->1)
Contract highlighter for DrRacket tool (Consigliere)
» Highlights obligations and assumptions
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Example 1

;; for some natural number n and real &
(->d ([f (-> real? real?)]|le real?])
(fp (-> real? real?))
#:post—-cond
(for/and ([i (in-range 0 n)])
(define x (random-number))
(define slope
([ Exe)[E (+x8))
(x 2 €)))
(<= (abs (- slope (fp x))) 0)))

@ random-number may generate non-real numbers
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Example 1

;; for some natural number n and real &
(->d ([f (-> real? real?)]|le real?])
(fp (-> real? real?))
#:post—-cond
(for/and ([i (in-range 0 n)])
(define x (random-number))
(define slope
(/ -[E Exe)[E (+x8))
(x 2 €)))
(<= (abs (- slope (fp x))) 8)))

@ random-number may generate non-real numbers

(define random-number

(pick-one @ 8 8 ))
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Syntax

'n Semantics (1/2)

Syntax
Types T o|t—1
o num | bool
Terms e v|x|ee|ucte | ete
|  e—e|ene| eVe | zero?(e)
| ifeee
Values v oz= 0|1 —=1]..|Acte
| et | ££
E.Contexts E == []|Ee|VE |E+e|v+E

Contracts k =

Types T

Terms e

E—e|v—E | ENe | VAE
EVe | vE | zero?(E)
ifEee

flat(e) | kK—x
.. | con(t)
o mun;'l(lc,e) | error

1

T'e:o0— bool
T+ flat(e) : con(o)

T'Fxy :con(ty)

T'Fx;:con(tp)

Tk —1

I'kx:con(t)

tcon(T) — 1)

T'ke:t

k1
Tk mon;”(k,e) : T
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I'+error :t

Semantics

E.Contexts E

E [mon};” (k1 — K, v)] +—
E[monl](-’,(flat(e),v)] —
Elerror!] +—
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u= L \mon;'[(K,E)

E [Z.x.mon’;-‘l (k2,v monli'k (x1,x))]
E[if (ev) v errorf]

error!
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Syntax 'n Semantics (2/2)

Semantics

E.Contexts E = ... \mon;"(K,E)

E[monﬁ‘l(flat(e),v)] +— E[if (ev) v errorf

Elerror!] ~—— error!

Efmon}! (k15 (Ax.ka),v)] (lax)
E [A.xAmonl;-‘[ (%2, mon’,-‘k (x1,x))]

Syntax
Types T o|lt—1
o num | bool
Terms e v]x|ee|pte | ete
| e—e|ene|eve | zerol(e)
|  ifeee
Values v ou= 01| 1] ..|XA"Te
[ tt | £f
E.Contexts E == []||Ee|VvE |E+e|v+E
| E—e|v-E|ENe|VAE
| Eve|VvVE | zero?(E)
| ifEee
Contracts flat(e) | k— K \lK»’—'v(?x.x.K) |
Types T ... | con(t)
Terms e | mon;"(lc,e) | error!

I'ke:o— bool
T+ flat(e) : con(o)

I'txp:con(t)) T'kKy:con(ts)
'k Ky =Kt con(t) — 1)
T'kx:con(t) Thre:t
'+ monﬁ"(lc,e) T

I'terror':t
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E[mon’j(-"(Kln'—"(sz).v)] —p (picky)
E[Z.x.monl;"({mon‘lf'k(m Jx)/x}a,v mon’,-‘k(lq ,x))]
Emon (1) % (hx.ka) )] (indy)

E [hx.mon’}" ({monﬂ-’i(m \X)/x}a,v monf,‘k(Kl 1x))]
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Example 2

n = mon’;"(K,kaf 42) Ax.x
where k = (P?+— P?)+% (Af.flat(Ax.f 0 > —1))

program  *  monitoring system  result

Iog — lax 2

! — picky errorf
! J indy error/
! k +indy errork
' 1 —indy error!

m = monﬁ"(K, Af.f Axx) Ag.g 42
where k = ((P?+— P?)+% (Af.flat(Ax.f 0 > —1))) — P?

rogram  *  monitoring system  result
prog g Sy

mw — lax 42

n? — picky error!
2 J indy error/
n? k +indy errork
2 ] —indy error!

PROPOSITION 1. ¢ —=; errorf iff e —>p error

14

@ picky blames server (left) and client (right), but violation was the

contract’s fault!

@ Intuitively, blame should follow ownership. . .
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Ownership and Obligation

1
SEC
Ownership Obligation
Terms ¢ == .. ||l el e lell -]l | (P? =P (Af.£1at(hx.f 0> —1))) = P?
”eHT” I el server (T = P)S (Af.T)) = P?

client | ((P?+ T)¥s (Lfflat(hx.f 0> —1))) = T

Values v = ... ||| i
Contracts « == [flat([le]/')]! | k =k | ks (hxk)
l"l-e:()*»ihool Tke:t
T+ [£lat(e)]’: con(o) T e]’:x ke {kh{lhjox

k.l
[+ mon7” (x, llellF)

Lkjox khj>x

lbe lbe e e j>
IFejen I+)x.e I+ ux.e ‘\' kil j> K —x2
igation o o
_fFe Ite lbe el O\O\\Q Lku{jhivxi khj>x

IFifej ey e3 [+ zero?(e;) ‘{:OY L) & k1 (k)
sbs 1 -K2
flat leaves

ke IFey ke IFey i
I-ej+e IFej—e #
ksl j> [ £1at(|le)/) )
IFey IFe IFey IFe 7 [1at(lell)]
I-ejNex IFeVer
Itn IFtt I+ £ I+x blame £
O”OWS
oOwnership

I+ mon® (xc [le[[%) \/
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Propagation of Ownership and Obligation

E.Contexts E := G
G i= Gle|vG | Gte|v+G
| G —e|v-G'|Gne|vaG
| G've|vG | zero?(G)
| ifGlee| monl;"(K,Gl)
ot
F u= []|Fe|vF|F+e|v+F

|  F—e|v—F | FAe|VvAF
| FVe|VvVF | zero?(F)
| ifFee| mon’;"(K,F)

El-] ... El-]

mon’;"(lq 4 (ip),v)
XxAmon’;‘l ({x/“x}ra,v mon_l/-'k(Kl ,x)) (lax)

mon’;'[(m»i»(?uxxz),v) —p
?ux.mon};'l ({mon?k (k1,x)/“x}ka,v mon‘l,fk(K] X)) (picky)
L - S

mon’;” (ky+= (Ax.K2),v) ¢

J i
Xx.mon’;-‘] ({moni-"/ (k1.x)/“x}xa,v mon;'k (k1,x))  (indy)

{e/ox}[£1at(le|"))
{e/“x}xr
{e/xherrs (xxa)
{e/x}cr % (hyz)

{e/xper = {e/x}ea

{e/x}i v (lxxa)

{e/x}r e (hy{e/x}2)
where x # y

E'[-] s E'
fho [ + [} 2 wherentm=n
[Imy || % — H%H’ n where nj —ny =n
zero?(||0]| ) tt

zero?(|n[¥) £ ifn#0

[lve ”EAH"ZHZ v where vj Avy =v
[lvell* VMVZHI v where vi Vv, =v
if [[vt] L erer e

it [££] erer e

mon]‘:"(K] — Kz,vz
mcmj"( |£f1at(e)]",v)

Xxmonﬁ"(xz, v mon’,fk (k1.x))

if (ev) v error’

k

E! [errork] s errort

Elpoxel™v] s BV /xbell ]

value accumulates owners

Levat ({Jlel|” /x}le’|1) )T ————x
substifuted expression

gets same owner
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Correct Blame

DEFINITION 2 (Blame Correctness). A contract system m is blame
correct if for all terms eq such that 1, \- eg, and

€0 —om ET [mon];’T( |[flat(e; )Jl_, V)]

v=|v1||¥ and k € I. The identity of the 1 labels is irrelevant.

@ When a flat contract is checked:

» The positive party k must be obligated to fulfill it (k € /)
» k must own the value being checked (v = ||v1[|¥)
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Subject Reduction (1/3)

@ Problem with well-formedness (/ + €)

» Reduction semantics creates unsatisfactory expressions!
» But it's only temporary, so you can relax
> Need to generalize judgements for programs and contracts. . .
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Subject Reduction (2/3)

VL [Erse(llsll)]y,
VLES ¥CH
EUVL D K (yrKd)
ven{\BVLE K VL E

EUVLD Kl e
VEVLE R VL K

VLpv VL £s VLEIT VLE*
VL slves VLESIASS
VLEsh VLRSS VLEsh VLR
VLp 6l 465 VLp el -6
VLEST VLR VLEST VLR

VLt exxoxy VL TES! 63 63
VLRS! VLRSS VLpe
VL6l 63 \!L | sexoj(sl)
VLSl VLpReS VLpo!
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Subject Reduction (2/3) - for real

of
ecova \a\oe'\s\o\es
i 2
- \oouY‘O\ vav\
LTw{x:l}Fe LT\ {x}Fe
jiTher  jiThe jiTke ;T Ax.e LT+ ux.e
JiTherex Jj:TFzero?(e))
JjiTker  jiTkEey  jiTkes
JjiTF errort jiTHife ere3 kTke kTke kTlFe {kh:{l}jiiT>x
jiTke,  jiTke jiTker  jiTke LTF el KT I [lef* 1:TF mon! (k)
JiiTEe+ex JiiThep—ex
jiThel  jiTke jiThel  jiTke C(x) =k kIher ke
JiTEe ey JiThe Ve kIl x kir”’”eler” \\
: _ _ _ EW
JTFn JTFtt JTFEf JiTFx \ ev\\lwo\(\m \(\‘\Yao
‘?Y e vay Souv\d \g\Y\Q
. o \(\eYS\(\\V chet
Lk jT>x kil >k O\’J 6
AN ev\\/\\(OV\m

Lku{j}iTe ki kLT Kk
k1T o ks (k)

jiTke kCkK
KLU [£1at(]le])]F
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Subject Reduction (3/3)

PROPOSITION 4. Forall e and 1, - e implies ;D | e.
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Main Theorems

THEOREM 15. ——; and —; are blame correct.

THEOREM 16. There exists a program e such that I, - e and

. k.l ]
e, E'fmon’ (| £1at(e) |, [v]")]

butk #1,.

@ /ax and indy are blame correct -~

@ picky can blame the wrong party —~
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The Setup

k#\o

= moQK,, Py iy 2.5 (g D) Ouf Mo s 2x.6)

[(num — num) — {([num — num) — num) — num}| — num

((P% = PY) = {([P% = P%] — PY) = P2} = PY

l

(P2 —P?) @[mpwwg %)) s B} s B
cevvey client

Michael Hansen (Indiana University) Correct Blame for Contracts December 8, 2010

16 / 22



The Pass

P%, = flat(||xx>0|")

k= (([PY) — [PUJ)S (fx))) — [P

J,_I

= (PuD (P2 (ugad)) o [Py
e
s respONs
k7 = [flat(|[ix.zero?(f 1—g0)|")]*
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The Fumble

lo l"’k o o [|to *
Eg [mony” " ([P, )", [[[[1]"[")] —=
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Play-by-Play

ki=[(P—=P)—=f:{[P—~Pl—g:P}—P

. (fl1-g0)...
Expression | Contract
(A Xha.hy Ax.6) Ax.5 (A\g.g 1) hi k1
(Ah2.hy Ax.6) (A\g.g 1) f=M5:(P~— P)
(A\g.g 1) Ax.6 (Ag.gl): ([P— P]— P)
Ax.6 g=Mx.6:[P+— P
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Consigliere (1/2)

000 deriv-client.rkt - DrRacket (=)
deriv-clientrktv  (define ..)v Check Syntax Q  Run # Stop @

#lang racket

(provide/contract

[l client obligations [deriv (->i ([f (-> real? real?)] [6 real?])
[fp (-> real? real?)]
[l client assumptions #:post-cond
(for/and ([1 (in-range @ n)])
[ both (define x (random-number))
(define slope

G EExD) (fFExa)
(*2 )
(<= (abs (- slope (fp x))) BN *

Determine langua...¥ 8:16 151.31m8 [ |§
" —
660 deriv-me.rkt - DrRacket (=]
derv-me.av (define .)v Check Syntax Q  Run £ Stop @

#lang racket

(provide/contract

[ server obligations [deriv (->i ([f (-> real? real?)] [5 real?])

A [fp (-> real? real?)]

[ server assumptions #:post-cond

(for/and ([1 (in-range @ n)])

[ both (define x (random-number))

(define slope

/(- Cf (- x ) (f (+x©)I)

*2e)

(<= (abs (- slope (fp x))) ®NI) *

Determine langua...¥ 9:28 151.30M8 [ |
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Consigliere (2/2)

client
[l client obligations

[l client assumptions

[ both

server
[l server obligations

[l server assumptions

[ both

Michael Hansen (Indiana University)

000 simple-client.rkt - DrRacket (=]
simple-clientrktv (define .)¥ Check Syntax @ Run & Stop @

#lang racket

(provide/contract
[pick-one (-> (cons/c number? (listof number?))
number?)])

(define (pick-one 1)
(list-ref 1 (random (length 1))))

Determine language from...v. 835 136.96m8 [ | §
000 simple-me.rkt ~ DrRacket =)
simple-me.riav (define ..)v Check Syntax @ Run 4 Stop @

#lang racket

(provide/contract
[pick-one (-> (cons/c number? (listof number?))
number?)])

(define (pick-one 1)
(list-ref 1 (random (length 1))))

Determine language from...v 1.0
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Questions?
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