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def Drive(j, s, xq)

(s',pu) < s(xg) % first message
% drive the agent until quiesced
while u+# @ do
% respond to obligation releases first
while pop @obligate(o) from p do
0BLIGATESET(j,0)

% dispatch any lookups in a DF'S manner
while pop @lookup(i) from pu do
(v,m) < LookupFroMBELOW (i, j)
0BLIGATEADD (j,1)
(s', 1"y <« s’ (@value(i,v,m))
B pup

% terminal messages cause us to stop driving

if pop @valuels(_,_) as ¢ from pu
or pop @notify() as ¢ from g then
assert y = @ ; return (s’ c)

% construct an agent only for @Lookup()
def ConsTAGENT (V)

def RET(M)

assert m = @lookup()

return (ReT,@valueIs(v,FALSE))
return RET

Listing 1: Agent-handling code
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% Lookup and Compute have merged
def LookupComMpuTE(j € 7) € (), bool)
s <« M(j) % find or make agent state
if s = UNK then s <« initState(j)

active « active U {j}
(s',0valuels(v,m)) < Drive(j,s,@lookup())
active <« active \ {j}

if j € Tyer then M(j) < UNK
maybe

M(j) < s

% Preserve Invariant 5

if m then Anotify(i) < @ <+;was UNK
return (v,m)

% Interaction with forward—chaining
% and cycle detection and breaking
def rookupFroMBELow (i € Z, j) € (y,bool)
% try a value temporarily cached in notification
if 0 <wasw = Apority(i) and j¢o and w # UNK then
return (w,FALSE)

if ¢ € active then % cycle? break by guessing NULL
Aupdate(i) < = UNK

Anotify(i) < @ «—;was UNK

M(i) < ConsTAGENT(NULL)

return (NULL,FALSE)

% else go see what the agent can tell us
(v,m’) < LookurCompuTE (%)

m < (Anotify(i) = W) and ‘7¢0-
return (v,mvm')

Listing 2: Backward-chaining

Figure 1: Single-threaded EARTHBOUND, with collected changes. These listings introduce the single-threaded adaptor code
for agents (section 2.3) and give the replacement backward-chaining machinery, including changes for both notifications
with old values (section 2.4.1) and partial propagation (section 2.4.2) as well as strict cycle detection (section 2.5). The
memo table and updates now carry agent states; notifications carry past values, rather than agent states, in their “was”
components. active is assumed to be @ at the start of execution.



1 def AppLY(j, v, §')
2 M(J) < s % register new agent state

. 1 def Frusu(j)
3 Anotify(]) « @ <+:wasv % queue notification J

2 M(j) < UNK

3 % Preserve Invariant 4

4 if jedom(Aypdate) then

5 delete Aypdate(J)

¢ Auosisy(j) < B iwas UNK

5 def UPDATE(j € Zyor, ©:<—;wasw)
6 S <« UNK

s % already an update? use that agent state

o if jcdom(Aupdase) then s def HANDLEUPDATE (%)

; . 2 .
10 % update Wl?h no agent state? have to keep it 9 % extract old value; ensured by line 20 of listing 3
H 1f Auspaace(7) = < UNK then return 7 10 (_,@valuels(v,FALSE)) «

12 — 5 <« Aupdate (]) % otherwise, update’s state N DRIVE(], M(]) , @lookup<))

13
12

13 4775, - Aupdate(i)

14 % could compute new state now

15 maybe s’ < UNK

16 maybe if s # UNK then

17 (s',_) < Drive(j,s’,@compute())

14 % no agent state yet, but have a memo?

15 if $=UNK and M(j) # UNK then

16 s <« M(j) % grab agent from memo

17

18 % try to extract its old value and cache it
19 M(j) < UNK

20 case s(@lookup()) of

21 (_,{evalueIs(o,_),_}) —

22 M(j) <« ConsTAcENT(0)

18

19 % make new state hold

20  AppLy(i, v, §')

21 delete Aupdate(i)

22

23 def DONEAGENDA(j)

24 foreach m € Aupdate U .Anotj_fy do

23
24 % if memo, can queue update
25 maybe if M(j) # UNK then

26 assert §# UNK % must have found one by now
25 case M of
2 , 26 i:<— _ — % updates in ancestry
28 S <« UNK . . .
b 27 if i€ ancestry(j) then return FALSE

maybe L , . )
* J . . 28 1:0 <—;was_ — % notifications targeting ancestry
30 % inform agent, queue new state in update ) .

(s, enotify()) < DRrve(j,s,enotifyFrom(i,w)) if (C;~o)nancestry(j)# @ then return FALSE

31
: ’ y I8 y ’ 30 return TRUE % only if neither of the above hold
32

A ) « «— & o .
2 update(J) 32 def RUNAGENDA(j)
34 return

33 until DONEAGENDA (j)
34 FREELYMANIPULATEM()
35  peek 72:m from -Aupdate U Anotify

35
36 % no memo or do not want one
37 AppLY(j, UNK, UNK)

36 case M of
38 .
. 37 <— _ — HANDLEUPDATE (i : m)
30 def PROPAGATE (%) — .
38 0 <—;wasw —> PROPAGATE (%)

aw  let 0 +;wasV = Anoiey (i)

41 finished < TRUE .
40 def QuERY(i€7)

41 do % until result unmarked

42

a3 % visit each obligated child

1 foreach j € (C;~ o) where obl(i,j) do 42 RUNAGENDA () '
45 % optionally, skip this child 43 (v,m) <« LookupCoMPUTE (7)
46 maybe { finished < FALSE ; continue } a4 while m
a7 UpDATE(j, ©:<—;wasv) 45 return v

46
a7 def UPDATEINP (i€ Tiy,, v)
48 Aupdate(i) < ConsTAGENT (V)

48
49 % re—queue or remove notification

so  if finished then delete Apoisy(%)
51 else Aporisy(i) < 0 <;wasv Listing 4: More forward-chaining

Listing 3: Forward-chaining internals

Figure 2: Single-threaded EARTHBOUND, with collected changes. These listings give the replacement forward-chaining
internals and user methods. The agenda is split into two components, Aupdate and Anetiey S0 that items may have both
updates and notifications pending. The obligation management and query functions, OeL1GATEADD, 0BLIGATESET, and obl
are opaque. The @compute() message invented for line 17 of listing 4 is much like @Lookup() but indicates a request for a
potentially newer value. 9



