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ABCL/EM-4: An Implementation and Evaluation of
a Concurrent Object-oriented Language System on
a Data-driven Parallel Computer

MASAHIRO YASUGI,! SATOSHI MATSUOKA't
and AKINORI YONEZAWA(tt

Concurrent object-oriented computing provides modeling power and natural MIMD paral-
lelism through concurrency of objects. Unfortunately the high costs of inter-node message
passing and intra-node scheduling make the implementation of concurrent object-oriented lan-
guages inefficient. To overcome these problems, we have proposed a new software/hardware
architecture (ABCL/EM-4) which realizes efficient parallel execution of programs based on
a concurrent object-oriented computation model. Our ABCL/EM-4 achieved high perfor-
mance with a combination of simple and fast hardware mechanisms and sophisticated software
design, where the cost of a remote message-passing and/or a context-switch can be almost
comparable to that of a sequential procedure call. This paper shows the evaluation results
with the developed ABCL/ST compiler on the data-driven parallel computer EM-4.
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Fig.2 Representation of an object.
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Fig.3 Packet exchange for object creation.
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Fig.4 Packet exchange for a request message send.
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[class Counter-with-Create (obj [Int (@ Int)1) O

(script
(==> [Inl
(if (<= n 1)
11 ; returns 1
! [(new Counter-with~Create) <== [(- n 1)11)))1]
[class Counter-after-Create (obj [Int (e Int)l)

((Int n) ((@ {1) r))
(state (Counter-after-Create next-obj))

(if (<= n 1)
Ir <= 111 ; ACK for the completion of object chain
[next-obj := (new Counter-after-Create (- n 1) r)l)
(script
(==> [nl
(if (<= n 1)
1
!Inext-obj <== [(~ n 1)11)))]

[class Main (obj [1) ((Int m))
(state {(Counter-with-Create counter-obji)
(Counter-after-Create counter-obj2)
533 creation + now message passing
[counter-obji := (new Counter-with-Create)]
{counter-objl <== [nll
333 creation only
(sync r ; waiting ACK for object chain completion
[counter-obj2 := (new Counter-after-Create n (e r))])
333 now message passing only
[counter-obj2 <== [nl]
(exit 0)]

5 BESFHMOLHOIY Y ITOY T4
Fig.5 Counter program for latency evaluation.
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(164 clocks) TH o7z, F72, Counter-after-Create
P IATORETIE, 147 V22 ERDIZHOF
¥)EATR R 1L 3.92 us (49 clocks), 1 now &l X v+ —
Tk vy T BT OFHETREEIL 10.64 ps (133
clocks) THh o7z, X1 ICIEEBHONREZRLE. &
DB KRTEBY AvE—V Ry 7 2ADFHITIE15
clocks *REETH. 72721, DO (1) T}, AvE—
VR 7 AERRENTERTIE, TOERMICERL
A7V MCETARBEERIT TS0, Xy
T—VRY T ADTHIZ 30clocks FEL T3,

6.2 ZJI—Ty DM

80BDPE 5% % EM-4 Y AF ALK LT, &
DREEONBEETINDG 5 D2 ET A 72012, K

®1 ATV MER/ Ay - VRBEOBRRM (270 25)
Table 1 Details of timetable (clock cycles) for object
creation/message processing.

(1) Timetable for object creation and request message:

t events

0 | Reception of request message M;_1 from object O;_;
9 | Resuming execution of O;

27 | Start of object creation (0;41)

37| Sending of request packet for creation to node; 41
53 | Reception of O;41’s ID packet from node; 1
57 | Sending of starting packet to O; 41
59 | Start of request message send (M;) to O; 43
64 | Sending of mbox request packet for M; to node; 41
94 | Reception of mbox address from node; 1
126 | Sending of the mbox address packet (M;) to O; 41
131 | Reception of M; by O; 11

(2) Timetable for reply message:

t events

0| Reception of reply message R; 1 from object O; 41
7 | Resuming execution of O;

15| Start of reply message send (R;) to O;_;

26 | Sending of the reply mbox address (R;) to O;_1

35 | Reception of R; by O;_4

(3) Timetable for request message:

t events

0 | Reception of request message M;_1 from object O;_1
9 | Resuming execution of O;

28 | Start of request message send (M;) to Oi41

45 | Sending of mbox request packet for M; to node; 11

60 | Reception of mbox address from node; 4

92 | Sending of the mbox address packet (M;) to O;41

97 | Reception of M; by O;41
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[class Fib (obj [Int (e Int)]) O
(script
(==> [n]
(if (<= n 2)
51

! {match
33 synchronize two now message passings
(sync2 rt
[(new Fib) <= [(- n 1) (e r11]
[(new Fib) <== [(- n 2)11)
(=> [t1 t21
(+ t1 t2))))301

[class Main (obj [1) ((Int n))
[(new Fib) <== [nl]
(exit 0)1]

He AN—Tv bFMOLDOT 4 RFyFHT YT L
Fig.6 Fibonacci program for throughput evaluation.
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Fig.7 The result of the throughput measuring program.
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Fig.8 The elapsed time of the N-body program.
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