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An Implementation and Evaluation of
Snoop Cache with Synchronization on
an FPGA Based Multiprocessor

AKIRA YAMAWAKITY and MASAHIKO TwANET!

FPGA based on-chip multiprocessor (FOMP) is an on-chip multiprocessor
with fully programmable feature which can reduce development cost and achieve
performance requirement. In order to provide an FOMP with the low-overhead
communication and synchronization methods via shared variables, this paper
attempts to introduce the TSVM (Tagged Shared Variable Memory) cache to
a snooping cache on the FOMP. The TSVM cache can improve a performance
by combining communication and synchronization with the coherence main-
tenance. Using an FPGA, we have evaluated how extending a conventional
snooping cache affects circuitries and clock speed. As a result, the growth of
hardware amount and the degradation of clock speed are only 5% and 2% re-
spectively. It is also confirmed that the TSVM cache improves performance
and energy efficiency.
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int a[n]; //Shared
struct TSVM{

SC  c[BSIZE]:

WORD d[BSIZE];

}b, ¢; //Shared with sync

thread, thread;
int i1,i2; //Local int i1,i2; //Local
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address Shared with
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Fig.1 Programming model.
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Fig.2 Overview of on-chip multiprocessor.
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Fig.3 Overviwe of TSVM cache.
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Fig.4 Organization of FOMP/TSVM.
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unsigned int SC; //for word alignment

unsigned int WORD[4]; }
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Table 2 MIPS instructions for TSVM.
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SWS R, SC_Addr | SDC3 R, 0x0001(Rb)
NBSWS R, SC_Addr | SDC3 R, 0x0002(Rb)
LWS R, Addr LDC3 R, 0x0003(Rb)
STLWS R, Addr LDC3 R, 0x0004(Rb)
NBLWS R, Addr LDC3 R, 0x0005(Rb)
NTLWS R, Addr LDC3 R, 0x0006(Rb)
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Fig.6 CPU Access Controller.
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03 FPGAOOUOOOO
Table 3 Result of FPGA implementation.

FOMP/TSVM FOMP/SC
ooooo 0000 | BRAM | 00O VHDL 0000 | BRAM | 00O VHDL
49,125 240 | [MHz] oooooo | 49,125 240 | [MHz] oooooo
R3000 1,856 0 52.8 8,550 1,840 0 53.6 8,342
CPU, DC 1,633 10 56.8 4,958 1,450 10 58.1 3,612
ife} 681 10 56.3 | 0 TOPO 138 681 10 56.3 | 0 TOPO 138
4,042 20 51.9 | 0 TOPO 486 3,719 20 53.0 | 0 TOPL 486
CMBA 18 0 347 185 18 0 347 185
ICBA 18 0 347 185 18 0 347 185
FOMP CMB 173 0 524 137 169 0 589 102
ICB 102 0 303 58 102 0 303 58
EMBM 165 64 189 339 165 64 189 339
16,085 144 50.1 | 0 TOPO899 15,270 144 51.2 | 0 TOPO899

gooooboboodoooooooooooooboooooobooboooooobooOobooboDbObobo
goooooOOoO0OO0oO000o0oOoOooooooooooooOoOOOOVHDLODOOOOODD
TOPOOOOOOOOOOOOOOOOOOCPU,000C0C0CCOOR30000O00C0O0
gooooobcoooOoooO0OooooOoICcOOo0OooDooOoOoOoOoOoooOoOoFOMP O
400 CPU,00000O00O0CMBAOICBA OO ODOOODODOCMBMOOOOOO
gooOoicBMmOoOoOoOooooooOoOoOoEMBMOODOOOOOOOOOOOOOOOO
Oo0ooOoooOooIcoOoroOMP/SCOOOODOOODOODCOOODOOOOOOO
oo0o0oOooOoOo0O0ooooOoOoOoOoo ICcBOOOOoOoOoOoDOooooooeMBOOO
0000o0o0ooo0o0oUo0oo0oo0oo00oU0oD0ooOoooOn FOMP/TSVM O
FOMP/SCOOOO0OOOOMM

TSVMOOOOOOOOOO CPULOO000O00 %0 0000000000O0O00O0O
goooooooododo 200000000000 0O00C0O000O0OoOooooOoObO
0000000oooO0ooOo 2000000000000 00LO00oooOooooooo
goooooooooobooodooooooooooobobooooooobooboooooooo
gooooboboooooooooocoooooboobooOobooooooobooobooooooo
O0000oO0o0o00ooOoo0oooOoOo copsoOoOoooOoOoOoOOooOoOonn
O0o0o00 RAMOOOOOO0OOOOOOOOOOOOOO033000000000
O000000ooooO0o0o000oO0 RAMOOOOOOOOOOOOOOOOOOOO
000 FOMP/TSVM O FOMP/SCOUOUOOUMMOOOTSVMUOOOOOOOoooOoO
OvHDLOOODODODOOOOOOCODODOOO 1,.34600R300000 208000000
O0000O0OO0CMBADICBAMOOOOOOOOOOICBMUOOOOOOOOOOO
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00000000 2%00000000000 RAMOOOODOODO0OOD0ODO0O0O0O00O
Oo0oooog TsvMOoOooooo rOMPOOOOOOOOOOOOOOO
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ocob40000000040000000128000000000000000000O0O
oooD10000000000 19+4+128=151000000000040000000
000 16e0000000TSVMOOOODOOOO0O 10000000000 151416 =167
0000000000 oOoTSVMOOOOOOO0OO0000000 2x512x 167 = 171,0080
00000000000 000000000 2x512x151=154,6240000TSvM 000
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6.1 0 0O0O0O
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00000000000000000
00000000000000000000000 doacross 000 O0DOACROSSO?O
200020000000 4000000000000000000RUNGEFYONDOD
000 N/20000000 bitenicJOJO0DOOO0O0OO00OOODOBITONIC??0O0O
OO00radix 0O00ORADIX(?» 000O0DOACROSS 0000000 OOOOOOOO
0000000000000 0000000000000000000000000000
ODODORUNGEODOOODOOOOOODOOOOOOOODOODOOODOOODOO
000000000000 0000000000000000%000000000000
00000000000000D00000O0BITONICO RADIXOODODOOOOOOOO
000000000000 00000000000000000000000000000
OO0oO00oOo0oooo

FOMP/SCODOOD 10 00000000000000000000O0O00O000O00
0000000000000 0000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000 00000000000Y)?2 000000000000

Consumers

while (flag[il==0)://(1)
...=..data[il...:

Producer
datali] =...;
flaglil = 1;

(a) Conditional Synchronization

//mutex is shared variable

lock :
LL R1, &mutex //load linked
BNEZ R1, lock //not available-spin
ADDUI R1, RO, #1 //locked value
SC  R1, &mutex //try to lock by storing 1
BEQZ R1, lock //branch if store fails
//critical section

unlock:
mutex =

0
(b) Mutual Exclusion

local_flag = “local_flag; try:LL R2, bar
count = fetch_and_add (&bar, 1) ADDUI R3, R2, #1
if( count == NMT ) SC  R3, bar
barrier_variable = 0; BEQZ R3, try
global_flag = local_flag;
else while( global_flag 1= local_flag ); //(2)
(c) Sense-reversed barrier

010 0O0ODO0OOO0OODOOOOOO

Fig. 10 Synchronization methods using general shared variables.
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oooooUooUoUOoO0oOOooOooOooOooOooooO 10(e)0 (2)bopoooooao
goooO00ooo0ooooooooooooooooooooooooooDoooooog
000 fetch-and-add 0000000000 00OQOCO SCOODOOOOOOOOOOOOO
00000000000 ooooooooooooooooooooo

0000000000 Xilinxk OO ISES2.02i0 0000000 XPOWERODOOODO
O0000000000000 33MHzO00O0OOOOOOOOOOOOOO ModelSim
SE 6.1c0 0000 OVCDO Value Change DumpO0 000000000 OXPOWERODO
OO0 vCchboOoOoOoooooooooooooooooooooooooooooooo
O0000000000000000000ODOACROSSO RUNGEOOOOOO 1280
BITONICODO 800OURADIXOODOOOOOOOOOD 1280000 400000000
000000000 gee-295000000000000-030004000000000
0000000000000 000000000000000 1000000000000
0000000000000 0000000000000000000000oooDo0ooo
do0booOodoOodb 40000000000D0O0ODOO0ODOODOODODODODOOODO
gooooobobooboooooooooog

6.2 DOOODOOO

011 000000000000000000000000 TSVM O FOMP/TSVM 00O
SCO FOMP/SCUOOO0OO0OOO0OOO0O0OOODOODOOOOO FOMP/SCOODOO 1
000000000000 EXEODOOOOODODOOOOOUOOOOOSTALLOOOOO
00000000000 0o0o00ooooooo0o0o00U0gUomSTALLOOOoOooo

\ W EXE O STALL |

o

S 2o
o o

o
)

Normalized Total
Execution Time
o
S

S
o

TSVM| SC |TSVM| SC |TSVM| SC |TSVM| SC
DOACROSS BITONIC RADIX

011 000O0O0DDOO0OFOMP/SC =10
Fig.11 Breakdown of execution time (FOMP/SC = 1).
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0000000000000 0000000000000Y 0000000000000
00000000000000000000000000000000000000000
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00220000000000000000000000000000000000000
000000000 00000000000 0000000000000000000
0000000000000 8009000000
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BITONIC 0 21%0RADIX 0 15%00000000000000000 100000
000000000000000TSVMOOOOOOOOD0O0D000000000000
000000 10)020) 0000000

STALL 00O 00O OFOMP/TSVM O FOMP/SC 000 ODOACROSS O 1.21 00O
RUNGE O 1.23 O0BITONIC O 1.20 JORADIX 0 126 000000000000
FOMP/SC 00 O0O0OODOO0OO0ODODOODOOOOOODDDOOOOOOOODODODDOO
000000000000 000000FOMP/TSVMOOO00000O0O00OO TSVM
000000000000 00000D000000o®n

6.3 000000000

0000000000000 12000000000000 FOMP/SCO0ODODO 100
0000000000000 000D00000000000000000D00000000g
0000000000000000000000000000 110000000

FOMP/TSVM 0 0 FOMP/SC U 00D OODOACROSS 00 29%0RUNGE O 15%0

‘:I Dynamic Power Consumption —#— Execution Time|

L . 0.97
0.85 094

o =
© o
T

o o o
[N
T

Normalized Value

o
o

DOACROSS RUNGE BITONIC RADIX
012 0000000000000 O000FOMP/SC =10
Fig.12 Dynamic power consumption and execution time (FOMP/SC = 1).
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6.4 U0O0O0OOOOO
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OOOPRSROOOCODOOOOOOOOO

PS(i):ZZ((Z)), i = SC.TSVM (1)
_ PS(S0)

PRSR“PS@SVA@
_ Pw(SC) . Sp(SO) o
= Pw(TSVM) * Sp(TSVM)

Sp(i) 0 FOMP/i 000000000000 0000D0000Pw(i) D FOMP/i 000
000000D000000000PS()00000000000000000000000
O0D0OO0OO0OPRSROD 120000000000000000 (2)00000000000
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TSVMOODOOOODOO0O0O000000000000000000000
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5354 DOACROSS RUNGE BITONIC RADIX
FOMP/TSVM| 1.80 1.49 3.06 3.17
FOMP/SC 0.99 1.01 241 2.68

() RERL( Sp(i), =TSV, SC )

3.0 56

2.5

2.0 1.74

1.5 1.35 4 92
1.0

0.5

00 Il Il Il

DOACROSS RUNGE BITONIC RADIX

(b) BALL/EER L
013 FOMP/SCOO0OO0OO0O FOMP/TSVM OOOOODO
Fig. 13 Performance and energy efficiency of FOMP/TSVM to FOMP/SC.
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