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Investigation of a Synchronization Method on an SMT Processor
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and MITARO NAMIKI f

A Simultaneous MultiThreading (SMT) Processor executes multiple instruction flows in
parallel with sharing computing resources such as an execution unit or cache memory. In
parallel computation, since it is important to reduce synchronization overhead, SMT-block
technique which allows light-weight synchronization has been proposed in an SMT processor.
However, it is difficult to implement a processor with an SMT-block scheme because of its
complex instructions. In this paper, we propose more simple instructions for synchroniza-
tion to realize SMT-block. Moreover, we also propose Lock Acquire Reservation to optimize
synchronization overhead in an SMT processor. As a result of simulations, we achieve equiva-
lent performance improvement as an SMT-block technique with our instructions. With Lock
Acquire Reservation, we can gain performance improvement by 6% than a program using a
normal SMT-block.
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; acquire lock
retry:

11 $r, (addr)

bnez $r, retry

1i $r, 1

sc  $r, (addr)

beqz $r, retry

;3 <critical section>
; release lock

sw $0, (addr)

01 LL/SCO0000O00ooon
Fig.1 A Program using LL/SC

Tullsen 0000 SMT-block 00® 0O0O0ODODO
000 SMTOOOO0OO0D0O0D0O0D0O0D000000D
0000000000000000 10000000
00D0000000000000000000

00000000 SMT-block 00D DOO0DDOO
000000000000 000000000000
0000000000000 000000000ODn
ooo

00020000000000 SMT OOOOO
00000000000000000000000
SMT-block 000000000 OOODOODO300
00000000000 D00D0000000000D
000400000000000000050000
oooD00O00600D0OO00O0

2. 0000000

000000o0oooooooooogsSMT O
gdbooboboboobooboboobbobono
000000o00ooo0ooooooooO SMT-block
goooooooooooooboo

2.1 O00O00O0OOOO SMTOOOOOOOOO

ooo

gooodoboobooboobuobooboobo
goodooobooooboobuoobooboo
goooooooooobOoboobooobooono
gooooooobooobooboo

gooooooooobobobooooobobooooo
goooooobobobbboboooooouoboooobo
test-and-set [0 fetch-and-phi 0000000000
goooooooboobooobooooobobooono
go0oodooobooobOooooooooobDono
oooood

MIPSOOOOO0OO0ODOOOL11/scO Load-linked
/ Store Conditional ] D0 O0000O000O00O11/sc
00o0o00ooO0oOoU0oOoUoOoUoOo/uooo
0o00obOo00o0ooooOoobOo0oooOodD 1100

; acquire lock

acquire addr

;3 <critical section>
; release lock

release addr
0 2 SMT-block DOOOO0OOOOOO
Fig.2 A Program using SMT-block
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Table 1 New Instructions for Synchronization
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/* LBE: lock box entry */
instruction 112(addr){ /* 112 O0O0OO =/
if (LBE.valid == 1 && LBE.passed == 1)
return O;
else{
LBE.valid = 1; LBE.addr = addr;

// success (%)

11_bit = 1; /11 00000 =/

11_addr = 1; /x OO0O0OoOoQg =/

val = load(addr); /* Y
}

if(val == 0 || LBE.passed == 1)
return 0; /* success */
elsed{
sleep(timeout); /* free resouces */
if (LBE.passed == 1)
return 0; /* success */

/7 (%)

else

return 1; /* failed */

}
instruction sc2(val, addr){ /* sc2 O0OO0O =*/
if (LBE.valid == 1 && LBE.passed == 1){
LBE.valid = 0; return 1; // success (%)
} elseq{
LBE.valid = O0;
if(11_bit == 1{ /+* sc OOOOO */

store(val, addr); /000000 =/

return 1; /* success */ /x .. x/
} else /* .. %/
return 0; /* failed *x/ /x .. %/

}
instruction lrls(addr){ /* 1lrls OO OO */
for(i=0; i<AT_num; i++)
if (LBE[i] .valid == 1 &&
LBE[i] .addr == addr){
LBE[i] .passed = 1;
wakeup_ArchitectureThread(i);
return; /* finish */
}
store(0, addr); /x 0000 */
}
instruction lrsrv(addr){ /* lrsrv OO0O0O =/
LBE.valid = 1;
LBE.addr = addr;

04 0O00O0OO0OO0OOODOODBDOOO
Fig.4 Pseudo-code of new instructions

; lock acquire reservation
lrsrv $0, (addr)
;; <some work>
; acquire lock (same as 112/sc2)
retry:
112 $r, (addr)
bnez $r, retry
i $r, 1
(addr)
beqz $r, retry

sc2 $r,

;3 <critical section>
; release lock (instead of sw)
1rls $0, (addr)

05 0D0O0O0O0O0O0O0O0OO00O0ODOO0OO0OOO
Fig.5 A Program using Lock Acquire Reservation
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Case 1: Acquire lock from memory (same as 11/sc)

Ml e

02 0000000000

Table 2 An environment of simulation

sc2
load store Enter
Critical Section
Case 2: Sleep and Wakeup (same as SMT-block)

wakup & Enter
passed =1 Jgoo Critical Section

TLP (AT#) 4
Fetch Buff. 8
Disp. Queue 16
Reorder Buff. 32
Normal RS Simple ALU: 8, Complex ALU: 4

m‘ 112 LD/ST RS 8 (RS: Reservation Station)
load = sleep Go through Simple ALUs 6 (0 cycle delay)

[T2] (no memory access) Comple ALUs 4 (Mult delay: 12, Div delay: 32)

(Lock holder) Irls (release lock) = Fetch, Decode, 4
. . . Dispatch, Retire
Case 3: Using lock acquire reservation Insns
T sy (passed=1) 1 sc2 g Critical Section Finish Insns 16
( validate ) Go through L1D Cache 32 byte / line, 64 lines, 2ways

’ﬁ‘ lock box ent (no memory access) o (shared) Access Penalty: 2 cycle

(Lock holder) Irls (release lock) o L2D Cache 64 byte / line, 512 lines, 8ways
(shared) Access Penalty: 20 cycle

time
06 ODO0OO0O0OOOOOOOODOO

Fig.6 Lock acquire flow with new instructions
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single-thread:
for(i=0; i<N; i++)
A[i+1] = A[i] + independent_computation()

parallelized:
for(i=0; i<N; i+= numThreads)
temp = independent_computation()
LOCK(lock[thread_id])
Ali+1] = A[i] + temp // critical section
UNLOCK (lock [next_thread_id])

07 ODOoooooo
Fig.7 A Program for Evaluation
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Fig.8 The spped of synchronization configurations
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