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Multiprocessor Operating System :
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In a shared memory multiprocessor, the concept of threads which execute
the subroutines concurrently in a process is effective in performance
improvement., But, it makes the program somewhat complicated to offer threads
in addition to processes. We developed thread interface “m” which improves

« _»

user interface of threads. “m” includes a new notion : ‘thread group,’ which
controls several threads togather. By using “m” and its ‘thread group,” the
progranmer can make parallel programs more easily than using processes or

threads without performance degradation.
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#define ROW1 S0

COoLt 50
single thread control E‘,‘:L‘::;“‘::g’ control ::::l':: gg{vg 5(‘:JOU
thd_fork(func,args) grp_fork(key,num,func,args) int gid; /* Thread group ID */
thd_fork_alloc(stksiz,tunc,args) Jgrp_lork_slIoc(koy.num,slksiz,func.args) Int " 0: /* Row ber */
fork / terminate [thd_exec(tid) grp_exec(gld) X Int row_lock; /* Lock ID of ‘rownum’ *
thd_exit(status) grp_terminate(gid,status) double matrix1{ROW1][COL1];
thdterminate(tid,status) double matrix2[ROW2]{COL2];
thd_Join(tid) grp_join(gid) double resultfROW1)[COL2];
thd_yield() grp_join_all(gid)
thd_sleep(time) thd_costop() main()
thd_suspend(tid) thd_cocali(tid)
thaosume(is Ind_comnd: o o T T s 0otk 10
rp_suspen _lock=mtx_ H .
scheduling gr:-rosxme(glgd)) /* Calculation threads fork */
grp_proc_set(vp,gid) grp_exec(gid=grp_fork(0,ROW1,calc));
grp_proc_reset(gld) grp_join_all(gid); /* All threads end? */
grp_barrler() e Output matrix .....
grp_alloc(key)
grp_alloc_one(key,tid)
| grp_free(gid) :"e()
grouping grp_add(gid,tid) .
grp_delete(gid,tid) :‘c:u‘l;ll:o:‘l;m:
grp_ld_thd(key) mix_lock(row_lock); '
grp_member(gid,tid) rows=t i ME ‘Felch&Add" *f
mtx_alloc(key) mtx_unlock_grp(gid,mid) mix unlock(rbv'l lock);
mix_free(mid) cnd_walt_grp(gid,cid) lor(l_=o- l<COL2'_I++) {
mtx_lock(mid) end_signal_grp(gid,cid) wm'go. ’ :
mix_fock_try(mid) cnd_broadcast_grp(gid,cid) tov(lsu;’ J<ROW2; Ja4) -
mtx_unlock(mid) sums+=matrix1[row]{jl*matrix2(j1{1];
'“‘:—“:"mc(k—l':i("‘;'m'd) resultfrow](i]=sum;
cnd_alioc{mid,key
exclusion 00 4 free(cld) )
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#define CLIENT 10
#define SERVER 15
#define MAXBUF 32
int gid; /* Server group ID ¥/
main()

I* Server & Cllent threads fork */
grp_exec(gid=grp_fork(0,SERVER,server));
grp_exec(grp_tork(0, CLIENT,cIlanI))

sorver()

char buf[MAXBUF];

Int tid;

for(;;) { /* Loop forever */
msg_recelve_all(&tid,buf, MAXBUF);

SERVER WORKS ..

msg_send(tid,but MAXBUF),

/* Reply */

}
client()

char buf{MAXBUF};
..... CLIENT WORKS
msg_send_grp(gid,but, MAXBUF);
msg_receive_grp(gld,buf,MAXBUF);
... CLIENT WORKS
}

/* Message to server group */
/* Reply from server group */
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/* Recelve from any thread */
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Program type CPUSH BEtE R RL TV,
ot AN—% Tt XAH=-CPUA X
program | model |method| 1 2 3 a ] 2 3 4 #3 "m"OERAFAIK L 5
process| 0.79 | 1.38 | 1.40 | 1.90 Jo.94 | 1.50 [1.87 | 1.00 Program type prog:lm
Loop  |ihread [0.85 [ 1.45 |1.53 [2.23 Jo.94 | 1.66 | 2.00 |2.23 program | m" - c:"“”a 5
LINPACK 'm* |0.83{1.46 |1.53 |2.12 |o.96 | 1.65 [2.03 | 2.12 sarrter|Uibrary| 100 [1.00 | 1-00 f1.00 J1.00
(300°300) pr 0.87 | 1.44 | 1.55 | 2.20 |0.95 { 1.67 |2.00 [ 2.20 (LINPACK[ " 1o 07 [1.03 | 1.10 [1.16
br
Broadcast . 1o.87 [1.47 [1.58 [2.25 |0.94 | 1.65 |2.10 |2.25 model) [System| 4 o7 l1.08 | 1.20 |1.26 |1.48
model cnll °
o |0.92[1.55 [1.50 [ 2.22 Jo.08 | 1.74 |2.15 | 2.22 . L_lery .00 11.00 | 1.00 |1.00 |1.00
Loc - ° ) 3 .
process| 0.97 | 1.95 | 2.60 [3.06  0.99 | 1.96 | 1.54 | 2.60 (MANDEL [ T T 56 [0.97 [0.96 [0.95
br
,';,‘;‘L':, thread | 0.98 | 1.96 | 2.61 |3.10 |0.90 | 1.96 |1.55 | 2.60 model) Sy:lom 210 [1.01 17.01 [1.01 [1.02
ca .
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* Lock
(360°360) process]| 0.95 | 1.92 2.89 |3.81 |0.98 | 1.97 | 2.94 13.92 (NEURO | Server — 0.85 | 0.98 | 1.01 [1.10
broadcast |-
:":::’f"' thread | 0.95 | 1.92 [ 2.90 | 3.85 |0.98 | 1.97 | 2.96 | 3.92 model) ‘s:z;um — 1776 [1.54 |1.60 |2.01
v |0.96 | 1.92 |2.89 |3.84 |0.98 | 1.97 |2.95 |3.92 LINPACK : BV —XKABEXME(7OLAHK4L)
- MANDEL : =¥ # V7 o— 45 H(F 0t %8)
LINPACK : MY —KHRAME(7 0 LAHL /TE) NEURO : ®v.774— FH=a—5 WAy b
MANDEL : I ¥ 7NV 7u—#AHH(T O LA K8 /TE) CraRElR— VAT EEA(TO A K4)
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Program type Line number
method
program | model original process thread “m"
Loop 1013 |1091(102) {1189(198) | 1068(77)
LINPACK
Broadcast 1013 1200(218) {1200(214) [1098(111)
| Loop 80 145(58) | 205(114) | 137(52) |
MANDEL
: Broadcast| 80 170(80) | 181(02) | 123(42)
NEURO |Broadcast| 1556  [2407(1090)|2453(1158){1839(559)

JusIAREIERML
ORPER S TR ERT
7075 AERERCEBEODLETHD
“m” RFEHTHL, SERIIRAFRLEESR L T
L/ 28EL 55, BRICHRETNL, R0 ss
LCHET DHEAN L 2L R B Z LATHENS,
Fiz, ALY REVRFLI—IDATHIFIT B8ECIE.

TOEIERTHS NI VR T 2 —ZAEFL
T3, LAURAS, “‘m” 2HnaZ L&y, 70
T2 LFREE R T AL DI, VAT — R
LT B2 EANMBTHB Z LA SNz,

5. BbYic

WHFMBEEHOS « SKY — 1 i, 7O RAATETHR
R LA UTHEINCENEST 5Ly REEALE, 2Ly
REAWEZ LK Y EREA RN AR, B a )
”‘ybﬁﬁiénéfw A=A VR Tz —ANEL
ETT B, #22TH4IE. ALY ROBRFEO—-EL L
To AVYRA VR Tz=R “m” RERLE,

“m” BlE, ALY ROT I —FAeiEEH L. BEWIC
BEST A ALY REER2ELHBZLICLY, -1
BRI —AEBEBHTND, “m” LEDTIL—THEe%E
HE5Z eIl LVUTORMAMNES -,

DRERD T Y S LB WFPHE T TS INCSET B
OHIE% |/ 2BEIHNS BB LA TES,

)PRECIZ O AR R KL 7T % LAY, D, ALY
RS 2T 0=V FERT 588 L RBREL 25,

Fh, AT, IBROSOM R EA, . “m” Y
=T LES A TSUY—)N “M” %5838, i
L. ZOFEMEEHRLEZ,

*¥) UNI XiZAT&THDBe | 1 HFFTCHE N,
AT&THAZA EVALTNS0STY,

SR

1) e—Hi, « SFREAHO S - SKY—1
HEfE—, (AR 3 O MISER RN TE
2) PRGN  WHWEEHOS - SKY—1DAFUS
AR, HRAEESE 3 9 BleEAaihcE

3) EMpiEth . EFRERRAOS. - SKY—]@X#);—
DT AR, BHREEEE 3 9 BeERESRIE
4)@%%%&:%%@@%08 SKY—-1Dxlv K
HEES A 750, HREEEEE 4 O HEERERE
5) Accetta,M, et.al. :Mach:A New Kernel Foundation "
for UNIX Development, ‘Proceedings of USENIX 1986 Sum
mer Conference, pp.93-112

6) TS : Sun Lightweight Processm¥'5 3y

—hHgE

UNIX MAGAZINE, pp,90-115, 1988/7

7) BT — : TOP— 1 ARV =F 4 VTV AT L, ﬁ
HAERERANRV — T 4 VT VAT LFEEHREN . 4
0, 1988/9

8) KRR LAY, WSS, pp. 10-16

9) Cheriton,D,R. : Distributed Process Groups in the
V Kernel, ACM Trans, Computer Systems Vol.3 No.2, p
p.77-107

10) RALRSHI : %ﬁ@ﬁAV—T4/0/XTAR/
V 2B B R Y TI—TFDER, HHRIIRSSREE
Vol.31 No.2, pp.275-287, 1990/2

11) Hoare,A.C.R. : Monitors:An Operating System Struc
turing Concept, Comm. ACM Vol, 17 No.10, pp.549-557

—150—




