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SWFRigg&( xy lmplementation
Code for each p € P
1. Transformation’s local target variables

Memory[pl.x Vz € V, local replica variable, initial value is the initial value of x
writes-processed counts messages bcasted by p that are also delivered by p, init:0
writes-requested counts locally bcasted messages, initially 0

2. Transforming specification threads
Transformation of thread p to p.m :

SWFRp oS 1 (s (READ (2)) SWFRpoS L (19 (WRITEp (2, v))
return Memory[p].x writes-requested «— writes-requested +1
ifdV,e K:z eV
WaitWritesComplete() then bcast ([z,v, D], ) else bcast ([z,v,p], L)
wait until WaitWritesComplete()

writes-processed >
writes-requested

3. New target threads
One new thread p.d, Vp € P :

pd: ApplyWrite()
1 while TRUE update,l «— deliver|()
2 do ApplyWrite() let [z,v, source] = update

Memory[pl.x «— v
if source = p
then writes-processed < writes-processed +1

Fig. 1. Implementing Partition Consistency on Partially Ordered Broadcast Model

Partition Consistency models processes that interact by reading and writing
globally shared variables that have only weak consistency guarantees. Specifi-
cally, PC(K) enforces agreement between processes on the order of writes to all
variables within the same set in K. Our task is to transform each such specified
process p to a target process p for the Partially Ordered Broadcast model, where



inter-process communication is via the partially ordered broadcast primitive. We
achieve this in Figure 1 by 1) creating a label for each set in the partition K, that
is L(K) = {i : V; € K}; 2) mapping each p to a thread p.m in the POB(L(K))
model; and 3) adding to each p a delivery thread p.d. This implementation of
Partition Consistency using partially ordered broadcast generalizes the way that
totally ordered broadcast is used to implement SC [15, 16].

The main thread, p.m, is identical to p except that each READ and WRITE
to a shared variable is replaced by a subroutine call. The transformation of a
READ returns the value stored in p’s local memory. The transformation of a
WRITE creates a bcast to be delivered to each target process. It has a label
corresponding to the set in K, or L, containing the variable being written to.

The delivery thread, p.d, manages the deliver operations and maintains
synchronization with p.m via locally shared variables. It indefinitely checks for
updates and applies them to the local memory it shares with p.m. The procedure
WaitWritesComplete causes p.m to wait until p.d has applied all the wriTES
previously broadcast by p.m.

Under the SWFRL, transformation, each process has at most one outstand-
ing local write, since every write must be applied locally before the subroutine
completes. Every write contains a wait, making these writes “slow”. An alter-
native is to move the WaitWritesComplete call from the end of the WRITE to
the beginning of the rREap. This gives us a fast-write/slow-read (FWSRtrans)
implementation described in the full version [6].

B Proofs of remaining lemmas for the Timestamp
implementation

Lemma 1. Bcast(m,l) € O if and only if %?R() € Olp.

Proof. Each transformation of a BcasT(m,l) by process p generates a unique
LOCAL-BROADCAST-REQUEST by p, the transformation of p. Each LOCAL-BROADCAST-
REQUEST results in an enqueue of the corresponding ORD-MSG at the same p:

@r recv()
send ([LOCAL-BROADCAST-REQUEST)]) 77 [[OCAL-BROADCAST-REQUEST]

enqueue(. .., [ORD—MSG])

Each LOCAL-BROADCAST-REQUEST also results in an enqueue of the correspond-
ing ORD-MSG at every other remote process:



TS : Code for each p € P
1. Transformation’s local target variables
local-counter last broadcast counter value
counter[1..|P|] array of last delivered counter value for each process, initially all 0
T[1..|P|] array of last received timestamp value for each process, initially all 0
queue, for each | € L U {L}:priority queue for messages labeled [, init:empty
T for each = € V, target-level name for z
2. Transforming specification threads
Transformation of thread p.m to p.m and p.d to p.d :
TSaw W (READ(z)) TSpw " (WRITE(z,v)) TSpw ~ (BCAST (update, 1))
| returni 2 Few 3 send (7, [T
TShw ™ (DELIVER()) HandleMessage;()
4 while -3 : CanDeliver(queue;) 14 3,D, message « recv()
{l can be 1} 15 case message of:
5 do HandleMessage() 16 [LOCAL-BROADCAST-REQUEST, update, (]|
6 choose g : CanDeliver(queuey) 17 then T'[p] — T'[p] + 1
7 then m « extractmin(queue,) 18 local-counter < local-counter +1
8 counter[m.src] < m.counter 19 prepmessage «— [T([),%D,;I;(ﬂfﬁzifﬁ]
9 return m. update, g 20 enqueue (queue,, prepmessage)
21 for e P\ {p}
CanDeliver(queue) 22 do send(p, g, prepmessage)
10 if isempty(queue) 23 [TS-UPDATE, timestamp, q|
11 then return FALSE 24 then T[q] « timestamp
12 else m «— peekmin (queue) 25 [ORD-MSG, update, I, timestamp, counter, q]
13 return 26 then T'[q] «— timestamp
(m.counter = 27 enqueue (queue;, message)
counter[m.src] + 1) 28 if timestamp > T'[p]
A(VG € P :m.ts < T[q) 29 then T'[p] « timestamp
30 for g€ P\ {p}
31 do send(p, q, [TS’IE'E%[]’A;E’ )
3. New target threads No new target threads for this implementation. ’

Fig. 2. Timestamp implementation of Partially Ordered Broadcast on Network model

@r recv()
send ([LOCAL-BROADCAST-REQUEST] ) 777 [FOOAL BROADCATT REQUEST]

%

recv()
send(|ORD-MSG
( [ } ) NsgOr [ORD-MsG]
prog

enqueue(. Sy [ORD—MSG])

Because these are the only two ways a message is enqueued (lines 20 and 27
of HandleMessage), there is a 1-1 correspondence between the set of LOCAL-
BROADCAST-REQUESTs and the set of enqueues of ORD-MSG for each process.

Only enqueued messages can be extractmined and thus peLivErRed. It follows

DELIVER

that for every process p, o 0 ¢ Olp = Becast(m,l) € O.



If p enqueues an ORD-MSG, Morp-usc With timestamp ts, at line 20 (the ORD-
MSG arose from p’s own LOCAL-BROADCAST-REQUEST), then p next sends a
copy of Mogrp.use also with timestamp ts to every other process (line 21 in
HandleMessage). Each process ¢ # p will eventually receive its copy of morp-msc
and handle it beginning at line 25. After enqueueing this message at line 27,
if T[q] < ts, ¢ updates its T[q] to ts and sends a TS-UPDATE message with
timestamp ts to every other process (line 30). Otherwise, ¢ has already sent an
ORD-MSG or TS-UPDATE message with timestamp at least ts to every process
except itself. Whenever a process ¢ receives an ORD-MSG or TS-UPDATE message
with timestamp ¢s from a process 7, ¢ updates its local T[r] to ts lines 24 and 26).
Thus, eventually, for each process § € ﬁ, ¢’s value for T[7] is at least ts. Since
processes send messages with strictly increasing timestamps and messages are
received in FIFO order, every element of every local T' array strictly increases.
Therefore, eventually every ORD-MSG will forever satisfy the timestamp part of
the CanDeliver requirement. Furthermore, if some priority queue; contains an
ORD-MSG that satisfies the timestamp part of the CanDeliver requirement, then
the highest priority ORD-MSG in queue; does, because within each queue, priority
decreases with increasing timestamp.

Consider the set of messages in a process’s collection of priority queues,
such that each is of highest priority in its queue and satisfies the timestamp
part of the CanDeliver requirement. We just established that this set cannot
remain empty. Let m be the message with the least (s, source) pair when it
is not empty. Since Source sends messages in order of increasing timestamp,
channels are FIFO, and each priority queue is ordered by increasing timestamp,
every other message from Source with timestamp smaller than ts must have
been delivered, so counter[source] + 1 must be equal to m.counter. Therefore,
m satisfies CanDeliver.

Provided only a finite number of messages are Bcast (or, in longlived compu-
tations, given a weak fairness constraint) every message that satisfies CanDeliver,
will be extractmined and then peLiveErRed. Therefore, Bcast(m,l) € O —

%’IIERO € O|q for every process q. O
Lemma 2. Vp € P : Extends[O|p, L—”>7 28]

Proof. Let 01,02 € O|p such that o1 == 0.

o1 prog 09 TSoar ™ (0;).0p; is the operation
TgPOB) | I rgPor(r) in the transformation of o so that
NW | |

TSPOR™) (o,) prog TSE(V)VB(L)(D(T)\;V) lift(TSpar " (0).0p) = o.

— T __L; Foe
TSE(\?VB@)(01).op1proglmLpTS§$vB(L) (02).0p2 L. Extends[O|p, —, =] by the
liftI : I lift definition of the Network model.
L
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