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Abstract Recently, as blockchain technology continues to gain traction in various industries, there is an increasing
need to improve the performance of permissioned blockchains in order to accommodate a wide range of applications.
Sharding techniques have been proposed to optimize blockchain performance by dividing the network into
committees, allowing for parallel transaction execution within each committee. However, the existence of expensive
cross-shard transactions hinders the progress of sharded blockchain. Some work attempts to use the two-phase
commit(2PC) protocol to process cross-shard transactions. However, these approaches suffer from substantial
limitations in terms of performance and scalability, failing to meet the demands of modern industries for large-scale
systems. Furthermore, these transactions demonstrate inadequate performance under high conflict scenarios, imposing
additional constraints on the overall system performance. In this paper, we propose an approach for executing cross-
shard transactions in sharded permissioned blockchains. The approach introduces determinism to the execution of
cross-shard transactions, eliminating the need for additional coordination overhead while improving the efficiency of
the system. To further improve system throughput, we utilize a transaction reordering mechanism to optimize the
execution under conflicts. Experimental results show that our approach offers 1.6 times to 2.5 times higher throughput
compared with the 2PC method, and 2.9 times to 25 times higher throughput compared with the non-optimized system
in conflict scenarios.
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Fig. 3 The process of system transactions execution
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Fig. 5 Workflow of block storage and reconfiguration
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AN T FHERERTSS, WAL T 5L
BAF] Itxs;

il AR NZ G T T HER TSS.

@ Seuee— U S5 A& 22 5 W28 5 46/

2 when Zi:?ﬁ R as

®  TeDequeue(ITxs);

@  ne|TSS|+1;

(&  for each T #x M KB /Nl I B — 1~ S,€ TSS
if HasConflict(T,S;)

if HasConflict( T,S~S,,)
continue; /*7 H 5 N3 5 7= A o
58, Uk Sk 1a] i ik ) */

ENSHC)

else
break; /*T 585 K 28 5 5= A= wf
58, w1k g g */
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) end if
®@ end if
® else
neis
@® end for
if S, N
@ S,S,UT; I —DH 2 o T4 S, %/
TSS—TSSUS,;
else
S, S, UT; /¥ TH AfeJa — A g
128 5§/
@ endif
@ end when
@ return TSS.
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@ ExecutionQueue<— @;

® RD—;

@ WA R S5

(® end when

© when ReceiveRemoteData

@ RD«—RDU Remote_Data;

® end when
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Fig. 9 Optimized transactions partition and transactions execution
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@ when LockPhase
10 Itxs,CixseB; /* 7 W38 5 Fis 7 28 5 Rl oy &
27 BB */
TSS—TransactionsPartition( Ctxs) ;
TSS«—TransactionsPartitionBy Type(Itxs, TSS) ;
for each B1~32 5 T4 S, € TSS
FHATINEN ExecutionQueue—LockParallel(S,) ;

end for

end when

(0 when ExecutionPhase

ES«SendStateData(S,) ; I*F IR SEAEEEST

A iy */
TransactionExecution( ExecutionQueue,S,RD) ;
PIAT AT S 5 ¥/

end when
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oy F RT3 e, A Z A S4B I T g —
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() 58 By o5 6 AN PRAT B Be, B 15 9147 M\ Execution-
Queue " HU 22 5 I 80T . i T 85 B 28 & fE Al — A~ 38
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