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A Study on an Implementation of
a Simultaneous Multithreaded Architecture

SHOJI KAWAHARA,! MARK YANKELEVSKY,' HIRONORI NAKAJOf
and CONSTANTINE POLYCHRONOPOULOSH

We try to implement an SMT architecture based processor a-Coral which supports efficient
execution of threads in a single chip processor. Multiple threads which are parallelized and
optimized by a compiler are executed in parallel and fast switched by hardware. By using
dedicated instructions for thread control, a-Coral handles multi-grained threads, and enables
them to communicate with each other efficiently via shared registers. In this paper, the archi-
tecture of a-Coral is described and performance evaluation by simulation is shown. From the
results of simulation, speed up of execution with multithreaded programs is confirmed com-
pared with a single-threaded one in the same environment. Currently we have been designing
a-Coral by Hardware Description Language (HDL) with refining and improving of functions
which are implemented in the a-Coral simulator.
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Table 1 Instructions of thread control.

oo oo
TFORK TFORK <TRGT PC> <DIE>

PTFORK PTFORK <LR 0> <LR 1> <TRGT PC> <DIE>

CTFORK CTFORK <SR> <TRGT PC> <DIE>

DOALL DOALL <LR 0> <LR 1> <TRGT PC> <DOUBLE> <DIE>
ADDS ADDS <DEST SR> <SRC SR> <SRC LR|SRC C>

SUBS SUBS <DEST SR> <SRC SR> <SRC LR|SRC C>
BLOCK BLOCK <SR> <TRGT V>

STORES STORES <normal store parameters> <DIE>
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Table 2 Processor models and a memory model.

Apr. 2002

Low Medium | High I Super

Instructions per Cycle or Quantity or Size Delay/Latency
Fetch/Decode/lssue Width 2 4 6 8
Commit Width 2 4 6 8
Units
- ALU w/shifter 1 1 2 2 1 cycle
- ALU w/comparator 1 2 4 4 1 cycle
- Integer multiplier/divider 2 2 3 3 stage, 1 cycle
- Branch Unit (Int/FP) 2/1 31 4/1 4,1 1 cycle
- FPU (add/sub) 1 2 4 4 2 stage, 2 cycles
- FPU (multiply) 1 2 2 2 4 stage, 2 cycles
- FPU (divide/sqrt) 1 1 2 2 4 stage, 3 cycles
- Load Unit 1 3 6 6 1 stage, 1 cycle if hit
- Store Unit 1 1 2 3 1 stage, 1 cycle
- System Unit 1 2 4 4 2 cycles
Thread Creations/Cycle 1 1 1 1
Program Counter/Queue 16 32 32 32
Register Files ( Int/FP) 64/64 128/128 | 256/128 | 256/128
Segments 16 32 32 32
Execution Queue 32 32 32 32
Branch Target Buffer 64 256 256 256
Memory System Size and Associativity R/W Ports Delay/Latency
- L1 I-Cache 4096 words 4 way-assoc 4/2 1 cycle if hit
- L1 D-Cache 4096 words 2 way-assoc 2/2 1 cycle if hit read/write
- L2 Cache 32768 words 4 way-assoc 4/2 10 cycles if hit
- Main Memory 6000000 words 2/2 50 cycles if hit
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Table 3 Number of working in each function unit.
ALU FPU STORE LOAD [JMP/BRANCH THREAD MISC TOTAL
Single 25761 0 400 9600 5255 1 0 41017
Matrix Multi 25246 0 400 9600 4806 406 0 40458
% (M/S) 98.0 n/a 100.0 100.0 91.5 40600.0 n/a 98.6
Single 6191 0 2485 6150 1235 1 0 16062
Fibonacci Multi 7505 0 1260 2480 6 2486 0 13737
% (M/S) 121.2 n/a 50.7 40.3 0.5 248600 n/a 85.5
Single 5368025 408647 116804 1492727 24075 11 9998 7420287
Swim Multi 6359302 430231 92032 494999 100 24234 2742 7403640
% (M/S) 118.5 105.3 78.8 33.2 0.4 220309.1 27.5 99.8
Single 162712 0 159239 194026 51425 1 19142 586545
Compress Multi 202217 0 143234 160745 42502 34158 17749 600605
% (M/S) 124.3 n/a 89.9 82.8 82.6 3415800 92.7 102.4
goooddooooobooooooooooooa 3.5
000000000000000000000000 Matrix -
Swim ——
gooddoobobooobOooooboooooooo 3
/
OALUDODOO0OO0ODDODDOO0OO0O0OOD0O00OO00
gdooooooooobobobobooooooooo .g
2.5
O000000OL1 CacheO 2cycleD0O00OO0OO0ODOO (%_ /
OO0Compress0 00000000 145000000
Jododboo0ooOobooobobooboooooono 2
000000 o0o0OO00o0o00bO0o00O0oDooooo
ooo

54 0OO0O00OO0OOOOOOOOOOO
5.4.1 PCQUUOOOODOODOOOOOOOO
ooo

OO0 SuwperUO00O0O0ODOOO0OODOOOOPCQO
000000 ouooooouoooooOOoooooo
odo0ooooooOoooOoooooooooooo
ooobDOoOopooOboOs0DbeDOODOOODODOO
O0000Swper0O00O0OOODOOOOOODOOO
000000000 0oo0ooooooooooooon
oo0oOorPCQLDOODODOOOOOODODOOODO
O Swper0 0O O0OOO0ODOCOOCOODOOOOOOO
pPCQUOOOOOOODOOOODODOOOOOOOD
0000000000 2600000000000
gofooOo128do0oooooboo0oooboooobooo
000o0UooooooooUoOooooooopecQO
oo00O0O0DO 320000000D0000O0O0CDO
0000000 dFibonaccid OO OO Compress
00000o0ooooooooooooooooooag
JoooO0oDo0ooDoOOoO0ooOoDoOoooPCQOO

1.5
4 16 32

8
Total number of PC
05 SwperJOOOOOOOO PCQUOUOOOOOOOOOO
ooooo
Fig.5 Performance improvement of Super processor
model in changing total number of PCs.

oobooboooooooooooooooooooon
ooooooooooon
OoDOoooooooooooopCcQoOOOoOoO
goooooboooboooooboooooooo
gooooboooooobobooboobbooDbOoo
goooodooooooooboooooooboooa
000000000000 00000000 SuperO
oooooobooooooocoooboooboo
gobooooooooobooooboooooboooon
gooooboooooboboOooobOoObOboOoooon
gooobooooooooooboooooooooboo
gooooooboooooboooobooooooo
goboobooooooboooooboboooogoon
gobooooooooooooobooboooooooo



838 goooooooa Apr. 2002
> Matrix - s > Matrix -
Swim = // 4.5 Fiboga/cir%i : J
3 4 Compress -o-
—n » '
a L K 935 \
3 g NS
$2.5 o 3
Q.
& 7, ‘\
1ﬁT* C 4FA’ \<i
1.5 1 i i
64 128 256 512 1 4 8

Size of register file

06 Super0O0O0O0O0DO0O0O0ODDDDODOOOOOOO
oooooooooo
Fig.6 Performance improvement of Super processor

model in changing size of register file.

goobooooobobooboooooooobbobo
gbooobooboobooooobooboooooooooa
oo sgoooobooooooooobooodgoood
ooooooooe4b0b0O0OO0OOOOODOODOO
gooooocoobooooboosoooooboooooo
oobooboooooooooooooooooboon
goboooobooooooooobOooon 160032
goboobooooooooooooolesto2ri00
obobooooooooooobooooooooooo
goboobooooobooobobobobobOoboOnOo
oooooooooOoOoo sMTOOOOOOoOOOO
gbboooobooooboooooooboobooon
goooooboooooooooood

000 SwimOO PCQUOOOOOOODOOO
goooooooooocoocooOoooboOoooono
ooooooooobooooboooooooooo
goooooooOoooOoOooDO0oooopPCcQOO
goooooooobooobooooooboooboon
goooboobooboobooooooobboooooo
gooobooooooobooooboooobooboooon
gobobooooooobobobooooobooooo
o000 3200000000 1600000000
gboooobooooooooooboooooooboon
gobooooboboobooooooooboooooo
gboooobooooooooboooooooooboooo
ood

5.4.2 O00O00O0O0COOOOOOOODOO

ooooobooooboobooobooboooooooon
gooooooooooosMTOoOOOOOOoOoOo
goboooooboboobOoboobo 100000000

2
Fetch and Issue width of each thread

07 0OO0OOOOOO0OOOOOOOOOOOOOO
Fig.7 Speedup in changing the instruction issue width of
each thread.

ooooobooooooobbobOobo0ooooDoboo
goooooooooboooooooooooboDboon
goooooooobdobooooboooooooon
gooooooooooooooooooooooa
goboboooooooooooooboboooooboon
gobooobooooooooobooooooooboo
gboboooOooooooboobooooOooooooboo
osboooooooooooooooo 200000
goooboooooooooooobooobooobo1ooo
goboooocoooooooobooooosonboo
gooooooobooboooboooboboooooon
gbooooboooooooooboobobo 2000000
goooooooooooboooobooobooboboooon
goboooboodoooooobooboooobooboooo
oooooooboooooo

000000000 Suwper0OOOOOOOOOO
0000000 1020408000000000 20
000000000 0O000000 Suwper0OO0OO
gooboooooooooooco8sboOooooboon 4
0000 Swer00O0O00O0OO0OOOOO0COOOOO
gooooobooboobo 200000000000
ooooooooobooooboobobOoo 200
000 Swper0 00000000000 OOO0O0OO
goboooooooooooobobbooboood

Or000000O0O0COOOOOOOOOOO
000000 swimOOOOOO 20000000
gobobooooobooocboooooboooobo
obooooooooooooooboooooooon
Oo00000 TLPODOOOOOODOOODODOOO
gbobooooooooooooooobooooo
gbooooooooooOooooboobooboObbOoo



Vol. 43 No. 4
5
4 PCs m
4.5 8 PCs —+ |
16 PCs %
4& 32 PCs -o- |
a
ERTIN
[0}
[0}
& 3
2.5
2‘/.\
15 i

1 2
Fetch and Issue width of each thread

08 PCQUOUOUOOOOOOOOOOOODOOOO
Fig.8 Speedup in changing size of PCQ, and the issue
width of each thread.

64 Reg File =
128 Reg File = |
256 Reg File -
512 Reg File -o-

1 2 4 8
Fetch and Issue width of each thread
09 00000000OO0OOOODOODOOODDOODOODOOODOO
oooo
Fig.9 Speedup in changing size of register file, and the

issue width of each thread.

oo0bOOOo0o0O0ooooooboooooooboooo
00000000 00000000FibonacciOO
Compress 00000 OODOOODOOOO
ooDOdooOoo0doooobobooooobooooo
0000o0doOoO0 541 000PCQOOODODODOO
000000 00ooooo0ooooooooog
gooo0oooooooO0OoooDoDOoOoOoOoooodg
gbooooooooooboooOosgoeobnDbOO
Oo0oO0o0ooo00 swmOOOOOOOOOOO
O00oDooOoSwimOOOOOOOOODOOOOO
gooooobooooooooboooboboooooo
goofooOOoOoOo0oboOoUOooooobooo
08odonoopPCQUDOOD4000000DOO
goopDOooooocoOdgo10bobogoooo
JooooopPCQUODD 40000000000
0000000000 00000o0 40000000

Simultaneous Multithreadd SMTOOOOOO0OOOOOOOO 839

Oo00ooooooooooUoUoooOo 1ooouooo
0000o0dooooooOooUoooooooooo
000000000000 DoOooooooooogg
0009000 00D0ODO0ODOOOOoOOoooOon
O000000O00DoOooOoOoooooooooon
PCQUUOO 320000000000 80090O
000000000 000o0oo0ooooooooon
OD0O0O0D0O0O00 e40128000000000ODOO
00 100o00o0ooo0o0oooooooooooo
goooooOoooUoOooOoooooooogoooo
O000oooooUoooooooooooooog
Oo00oooooooDooOoOSwimOOOOOOO 32
00d0ooDOooo0ooooooOooooooooo
00000000 ooDooOoo e4000O0O0OOO
000000000 20000000000000A0
000000000000 OSwerD0OOOOoOooOO
0000000000000 0O000oooooooon
gooooooooooooooo
O8OooUuo9oUoooopPCcQUOOUOODOO
go0oOooooooooooooodoooogoo
0000000 Uooooooooooooooog
00oooooUooooooooooooooooo
00000 pCQLOOOOODOOOOOOOOOOO
00000o0o0oo0oooooooooooooooon
O000000o0o0oO0oOo0OO0ooOooooooDoOoon
0000000000000 ooDooooooo
5.4.3 Execution Queue 0100000
0000 O Execution Queuel EQOOOOODOO
O0o00O0opoOoooOooocOoOoooi1o000EQOO
00000 801603206401280 00000000
000000o0ooOoO0ooooUoooooooo EQ
O0O0OQ0O0OO0ODO 12800000 SuperDODOOOO
O0000oooooOOooooooooooooon
Oo0oooooooooo
o-Coral 000000000000 OOOOOO
O0000EQODOOOODDOOOODOOOOOO
0000000000 OFibonacciDOODOODOOO
oo0oo0o0O00oo0OO00O 2000000000000
SwimOOOOOOOOOODOQOOOOOODOoOOOoOOO
0oo0o0oooUooOoooOooooSwimOOOOO
ooooooOOoOoooooOoooDoOoooUooooo
o0ooooooUooooooOooUOooUoooooo
OO0 EQODO0OOOODODOODOOOOOODOOn
O00DO0OSwimOOOOOOOOOOOOOOOOO
EQUOO0OOOOOODOOOO
EQUDO000000DO0OODOOO0OOOOOOOog



840 goooooooa
6
Matrix -
5.5 Fibonacci =
5t Swim -
45 Compress -o- /
S 4 //
8 3.5
Q9.
> /
2
L IGY S—— & s
1 i i i
8 16 32 64 128

The number of Execution Queue entries

0 10 Execution Queue 0000000000 OCOOOOO
Fig.10 Speedup in changing the number of entries in

Execution Queue.

000000000000000000000000
000000000000 000D0000000D
000000 PalacharlaD 000000 Y0a-Coral
00000 Out-Of-Orderd OO0O0O OO OODOO O
0 22)023) 00000000000 0000000
00'”000000000000000000000
000000000000000000000000
ooooog
5,5 000000000000
00000000000000000000000
oooo
(1) 0O0ODOO0DO00000 SwimOdOOOOSu-
per0 000000000000 DODOO 3.19
000O0DoOoO0noDo
(2) 0D0OO0ODOOOOOOO CompressdOO000
00 1.360Fibonacci 00000000000
4600000000000
(3) DD0OO0ODOO0DODO0000O00O000
00000000 000000000000
(4) 0DOODODOOOOOOOOO 1000000
000000000000000D00D00Dn
000000000 000000000000
ooooood
00000000000000000000000
0000000000000000000000 Swim
000000000 00O000000D00000000
000000000000000 300000000
000000000SwimOOOOOOOOOOOO
000000000000000000000000
000000000D000000000Onoon
000000000000000000000 6MO

Apr. 2002

gboooooooooboobobooobooobooooon
oooooboobooobocooobooboooooo
goobooooooooooobooooooooon
gooobooooooooooooooooboooon
boooooooooooooooooobooon
goboobOooooooobooooboooooboooboboon
ooo

00400000000000000 a-Coral O
goboooooooooooooboobooooon
goooboooooooooobooobooooan
gobooooooobooobooboooooooo
ooooob 400000000000O0GCOOO
00000O00O0oooooooo0Oo RAWOO
0000000000000000 o-Coral OO
0 Out Of OrderlD OOOOOODOOOOOCOODODO
gooooooooooobooO0obO0oooooobo
gobooooboooooobooobooooooboobo
0400000 SwperJOOOOODOOOOOOO
gooooooooooooooooooooboooo
00000000 WAWDOOOOO 204310000
gooo3ooooobobooobooooooooo
00 4045800000000 WAWDOOOOOOO
00000000000 000000000 o-Coral
Ooooonoooooooooooooooonoonooo
goboooooobooboobo 20000 sgo0Oo
gooooooboooooooobobooboooobbo
gboooboooooobooooooobobooo
gbooooooooooooobooooooaoo

6. D00 O0OOOOO

0000000 0000000000000000
0000000000000 0000000 24)00
DLXODOOOOOO0O0O000000 SMTOOODO0O
000000000000000000000000
00000 KSMSO OO OO0O0 Microsoft Excel
000000000 D0000000?000 KSMS
0000000000000 KSMSO SMTO OO0
000000000000000000000000
000000000000000000000000
000000000 a-Coral0 00 KSMSODO OO
000000000000000000000000
000000000000000000000000
oooo
e o-Coral 0 PCQORFSTOOOOO SMT OO

0000000000 00000O0ooo
e o-Coral 000 0000000O0DOOOODOOO



Vol. 43 No. 4

04 000O0O0OOO0ODOOOOO
Table 4 The estimation of the hardware.
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