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DATA
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Fig.2. Concurent Pascal Machine

Store Allocation.
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procedure entry send(message: page);

if not empty then delay (sender);
contentz:=message; NOT
empty:=false; FALSEJUMP {A)

centinue(receiver); GLOBALADDR { SENDER)

end; DELAY
m A: GLOBALADDR(CONTENTS)

PUSHLOCAL (MESSAGE) ——> TO Y

CONTINUE
EXCITMONITOR

ENVERMONITOR (STACKLENGIH,

begin PALAMLENGTH , LINENUMBER, VARLENGTH)

PUSHGLOBAL (EMPTY)
————y TO X

FOURORYT 22— LINRBITHEHS =T —
FILINBHTN S .

N4 oaypar 7AZ“‘§77<7=\:1’Q_ vz,
PHEpPERIR T 5 52)3RAE S 7; iam\
B5,
4D POP s o 2. L -9 5 (RA.

1 Fq.3(BD FRT AT, VA 7(:37»1:177
M T2 2 L - 9 EAENE PB Poamsentr 532
BINTwBf 277 pp-FILELa F
EABFS. coFAUBEE R b4
Z 7 G E v
(BB LN L BERELT, h—FLed >
g7y 9EETVAT AU T T LTEL,
SoFHR Fq.3(d) FRTLAL, HFTE
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(3D CPME3ERE (C LD LikE

G5, P (DL EEGTEO
22, 29709 L HD-FILOFF
AEEAR I NNT, =5 LR FHE
L PRz BLKEE (CLOERREL
Yo 1zl -9%ikd. ZoFE
rBEE RO FULH, Y108
PRI LBRE E VeV, (
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CP SOURCE PROGRAM

(a) Compiler Generates V-Code From Source Program

V-COBE (INTERMEDIATE LANGUAGE)

A 257050 BHBEY LT 13,

X---NOT: NEG (S) I: MOV P,IFRO _ - < P

e (s) READ (INST) INSTRUCTION FETCH g l‘lﬁ’"@j =5 2L N5 », A

Mov @(@+2N\ | ... ROUTINE N =
Y--~PUSULOCAL:MOV B,W D: MOV IR,GPRO IEJQ#WFFJ o E(3) Qj%? 79

ADD Q)+, W O\ ... .

MOV (W) ,~(S) JUMP NEG DECODE ROUTINE 2 _ﬁl o

MOV @(Q)+,P  \| = .....

NEG: ..... }
JUMP T NEG ROUTINE =
3.z PDPIl/45 o 2 =2L—F

PDP1l INSTRUCTION

(b) PDPll Emulation

T4 70707 7L7°80y T
PULCE7—%F 2F + )17 16t

X-~-NOT: NOT (S) I: o....
Y~--~PUSHLCCAL I;S‘S,Hs @r? D: ::::: (SAME AS UPPER CASE) v }— 2 ‘7—"'—..? K%Piﬁ 5) 52%
: pOSHLe U B DL R 751 ILE/ATAEDH,
'f?‘.’.?'““"J, —— PDP 11/450 L2229 (70 ~T
C~LANGUAGE MICROJ::Z:;RAM e 7“ 7ow ¢‘7 7 m Ivﬁ‘< > ’?éz

(c) C-Language

X~~-~NOT: MOV S, IFRC
READ

MICRC PROGRAM

(d) Direct Execution

Fig.3. Concurrent Pascal program execution process.
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Table 1. C~Language Instruction FORMAT.

BIT NUMBER

NO 0123456789ABCDEF COMMENTS

0 000sCS...D...0P1 S*op D~-— D

1 000DCS...D...CP] S op D¥—> D*

2 0100# DCD...Opl CONST op D¥— D*

3 0101¥ADDRESS OPL CONST op (ADDR) —— (ADDR)
4 0110D...ADDRESS. LAOD

5 0111S...ADDRESS. STORE

6 1000 CONTD...0P2 SHIFT

7 1001 conT. OP1 STACK OPERATION

8 1010ADDRESS..... JUMP

9 1011OFFSET COND. CONDITIONAL JUMP/JUMP SUBR.
10 1100MISCELLANE.

11 1101INTERFRETER FOR FREQUENTRY USED CPM INST.
12 1110 KERNEL QUEUE MaMNTPULATION ETC.

FLOATING INSTRUCTION

[
w

1111 FLOATING

S...: Source register
D...: Destination register
*3 operand mode
SC: Source
DC: Destination } operand mode
0: Rn 1: (Rn) 2: (Rn)+ 3:
OPERATION1
ADD, SUB,ADC, INC,DEC,OR, AND, XOR,
CONT.: Detail control
COND.: Condition
INTERPRETER: LOCALA,GLOBAL,PUSHLO,FIELD
PUSHCO,CALL,COPYWO, FALSEJUMP , EXCIT,
STACKLIM,etc.
#: Whether the result is store or not

X(Rn) .
opl:

Table 2. Percent Destribution 01?

Concurrent Pascal Machine
Instruction .

PUSH LOCAL 13.9

GLOBAL 12.5

PUSH CONSTANT 8.4

FIELD 7.6

CALL 6.5

COPY WORD 6.0

PUSH GLOBAL 5.9

LOCAL 3.8

FALSE JUMP 3.0

ENTER PROCEDURE 2.2

PUSH LABEL 2.2

OTHERS 28.0

Table 3. Program Size .
PDPllEmulator | C-Language

uprogram (32bit/word) 1456 981
Kernel 2 (16bit/word) 1180 1081
Interpreter (l6bit/word) 1084 850
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Table 4.

4. NLF 20Ny} AEHACPM

a-tomiml FEHr R LR 72
> I:%? dafWh —FILZT Hd. F.[B Havsen
D BEER AUty T M BT HEN, KE
SRT LB rnte o TIVEKS, o FEd
OH —FILWXBETS. A0 E VL
F ety V2EESTHBES 9, 1 700y
YomboZuw3aay TR T2, — L
B2 45,

CoBZREY, 2522 -LEIRNELT3
CPMAS O MRET L, SREACE=ZXF o
ZBR L EAECy TR 22— LFEEF L,
B b NS aBHMETR T

4 1 CPHo» ot X FEAsrd
18a 22700y TBR2720CINE> T

Concurrent Pascal Machine Instruction Execution Steps.
CPM PDPllEmulator C-Language Direct Exec. PDPL1
Instruction [USteps| MMAC* uSteps| MMAC | MSteps | MMAC Steps| MMAC
GLOBAL
LOCAL 321 10 | 71 5 62 4 3 9
FIELD 218 7 80 6 71 5 2 7
PUSH CONST. 223 7 69 5 60 4 2 6
COPY WORD 245 8 79 5 70 4 2 7
PUSH GLOBAL . .
PUSH LOCAL 402 10 75 5 64 4 4 9
CALL 482 10 71 4 62 3 5 9
FALSE JUMP a
(True Case) 439 13 68 4 . 59 5 10
* MMAC: Main Memory Access Count.

Table 5, Run Time of Example Programs .
Program Name PDPllEmulator C-Language
HANOI- 82ms 36ms
PERMUTATION 38ms 21ms

A Concurrent ;
| Pascal Program 24.51s 16.04s
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g

HEAD 0 KERNEL
HEAD 1L
PROCESS 0 INTERPRETER
PRIVATE . V-CODE
SEGMENT . COMMON DATA
PROCESS 1
PRIVATE
SEGMENT
1 1 1 1 7}/ c-BUS
SEGMENT = _, — SEGMENT »’////
DESCRIPTOR" ] DESCRIPTOR K=
(START ) = (START ) =
ADDRESS E ADDRESS
ot -

PROCESSOR MODULE 0

. PROCESSOR MODULE 1

Fig. 4 . Physical storage assignment of ACE-system.
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Table 6. Data Structure and State for Processor Scheduling,

A. Data Structure

(1) Process Table: This containes state of each process
and link to the queue which is listed below.

(2) Ready Queue: The ready process which is waiting &
idle processor enters this queue.

(3) Monitor Queue with Gate: If the gate is open, process
can enter monitor procedure. The process which can not
enter the monitor procedure enters this queue.

(4) Process Synchronization Queue: This queue corresponds
to semaphore variable. Delayed process enter this
queue.

B. Process State
(1) RUN: The state in which process is executing on a
processor.
(2) WAIT: The state in which process is waiting some events.
(i) ONPROCESSOR: Process state is kept on processor.
(ii) OFFPROCESSOR: Process state is saved to main

memory.
(3) READY: The state in which process is waiting processor
for run.
ENTER MONITOR DELAY 10
[(TEST_MCQ | [ ENTER SYQ | lgﬁiigﬂl
close [ TEST RDQ | empty not empty

/ .
[¥G0:=clcse | [ENTER NGO ] empty not empty ONPROCESSOR| [SCHEDULE RDO
T

EXCIT

[TEST ®DO ONPROCESSOR | SCHEDULE RDQ

empty not empty

ONPROCESSOR SCHEDULE RDQ |

EXCIT MONITOR CONTINUE I0 INTERRUPT
TEST MGQ [ TEST SYQ-TOP | [ BROADCAST 10 INTERRUPT ]
/ \
empty not empty onprocessoxr offprocessor ack from no ack from
procassor processor
. MQQ:=open ] [TEST MGQ-TOP [ GO SIGNAL REMOVE SYQ-TOP /
/ and GO_SIGNAL INSERT THE
EXCIT onprocessor offprocessor INSERT IT IN RDQ | ;ggCESS IN

GO _SIGNAL REMOVE MGQ-TOP
d

an
INSERT IT IN RDQ

SCHEDULE RDQ

RDQ: Ready Queue

MGQ: Monitor Queue with Gate

SYQ: Process Synchronization Queue .

SCHEDULE RDQ: This includes some algorithm for deciding
which of the several processes that are
ready to run should be run next.

Fig. 5. Process scheduling algorithm.
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RATIO OF PROCESS STATE(%)

o]

a -8 ar2 o=

I} =g P=4 B=15

Blank region: Run state..

Doted region: Delay state.

Hatched region: Waiting state at

monitor procedure entry.

t = Average time required to
produce datum.

t = Average processing time of
monitor procedure.

t = Average time reguired to
consume datum.

a=t /t , B=t /t .

’{a) ‘Ratio of process state.

PROCESS SWITC;HING OVERHEAD

1 PROCESSOR (o CFes1 PROCESS 2

DELiAY TIME B

S WAITING TIME AT
MONITOR ENTRY

2 PROCESSORY |PROCESS1

PROCESS 2

L 1 ! ) L L

[¢] 30 €0
EXECUTION TIME (SEC)

(b) Measurement of a example program
on ACE-system.

Fig. 6.Producer~Consumer model.
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