MPL-51
TO: Multics Performance Log
FROM : J. Ammons, M. Schroeder

SUBJECT: 1Initial report of Measurement of 645 CPU with Electronic Counters

DATE: June 10, 1970

Introduction

Over .the past few weeks we have been counting various pulses in the 645 CPU

to determine the frequency of occurrence of hardware events of interest.

This MPL is an initial report of the data gathered. A report analysing the
data will follow. Measurements were made by attaching electronic counters
directly to the CPU logic while Multics was running, and counting the number
of pulses that occurred in a known time period. Four associative memory sizes
are represented in the measurements) 16, 8, 4, and 0O active registers.

With full associative memory (16 registers)

Events monitored with the full 16 register associative memory in operation
were:

. total instruction executions (Figure 1)

. RTCD instruction executions (Figure II)
RCU instruction executions (Figure III)

. EAPn instruction executions (Figure 1IV)

. ‘associative memory requests (Figure V)

. associative memory 'not found''s (Figure VI)

. associative memory SDW matches (Figure VII)

. associative memory clears (Figure VIII)

. memory accesses (Figure IX)

With half the associative memory (8 registers)

Events monitored with half the associative memory in operation were:

. total instruction executions (Figure X)

. associative memory requests (Figure XI)

. associative memory ''mot found''s (Figure XII)
associative memory SDW matches (Figure XIII)

. memory accesses » (Figure XIV)
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With one quarter the associative memory (4 registers)

The same events were monitored with 4 associative memory registers in
operation as with 8 (see above). (Figures XV - XIX)

With no associative memory

With the associative memory turned off the following events were monitored:

. total instruction executions (Figure XX)

. memory accesses (Figure XXI)

Measurement results

The data gathered for each measurement listed above is presented in the 21
Figures that follow. In each case the average rate of occurrence of the
event listed is given, along with a list and a graph of the raw data.



Summary of Data Taken
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Instruction executions I 340 317,940 385,030 341,945
RTCD instruction executions II 1800 605 1,881 1,157
:§ RCU instruction executions II1 1200 146 228 192
X EAPn instruction executions Iv 1800 15,064 22,401 20,076
.%z AM search requests \' 220 390,800 453, 30G 414,668
g AM "not found's VI 220 2,892 6,988 5,180
> | AM SDW matches (paged only)|  VII 500 435 1,422 826
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1 CPU, 256 K Memory

Instruction

Executions

Observed in

10 Seconds

3,339,849
3,550,415
3,438,391
3,544,112
3,366,441
3,317,820
3,292,982
3,304,615
3,361,478
3,395,799
3,500,848
3,646,412
3,549,229
3,422,115
3,570,436
3,457,993
3,850,309
3,483,451
3,179,401
3,585,578
3,480,434
3,347,964
3,592,846
3,592,134
3,587,440
3,453,331
3,449,449
3,382,840
3,413,435
3,356,012
3,390, 845
3,361,018
3,270,270
3,425,631
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1 CPU, 256 K Memory
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1 CPU, 256 K Memory
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1 CPU, 256 K Memory
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1 CPU 256 K Memory

14 Users (‘5/2'7170)
AM Search Requests

Observed in 10 Seconds

(Observations separated

by 1 second).
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1 crU _256 K

14 Users 7 00—

(5/27/70) _
"Not Found' responses observed
in 10 seconds (Measurements
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of Figure V). Geoo

41,300
53,240
53,020
53,260
" 53,030
54,210
65,710
69,880
51,560
58,720
34,940
49,460
65,570
55,570
. 28,570
52,620
28,920
54,350
51,110
58,590
45,270 | A

Hoeo
60,780 | % ‘

oo |

§4oo |

T1%0
Se Cu\/\C‘

— e — e

Yoo ——

a0 ——

2600 —}—

20000 —t—

Hi
not ?eu wd s/se‘umc»\
Scale

Figure VI: Associative Memory ''not found"
Responses To Search Requests With 16
Register Associative Memory.

CCXJV\¥cv~ixnﬁ6ez<9vx

Note:

ASSOC @ Hue Mo y
"no mafel “\lue
(&ANTAL)

"Not found''s occur on 1.25% of requests
to the f1_111 associative memoryq i.e.

auevage Leom fhaes Figuve +
Cvm Fovve I = 5)ge =«

1

avevase
‘4\‘4(0‘0%

n ' '
NO'\' 'COU \/\C‘\”s
: A . pr—tee. g [ Y &Xe
‘ﬂ'me obse‘/‘\)cd'\&w, m & Secinds’
<

R -agz Slela
d— 9, 000
w6 oco

—4— (3%, 000

bd coan
ST 0o
- SY oo
_averq
91, Gac,
Y8 oo
4 gl OC.()

E— 4R, cco

t— 26000

e 33,000

3¢, ec0
A7, coo
QA coo
A Eco
[ ¥ Ceo
15 cco
12,00
- Cf yOCC

- G oGO

o\osewux&c@

bs 43 21



1 CPU, 256K Memory

35 Users
5/10/70

AM SDW matches Observed
in 10 Seconds (Observations
made continuously)

8,829
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1 CPU, 256 K Memory
- 14 Users
(5/27/70)
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Memory Accesses Observed
in 10 Seconds (Observations
made continuously)
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1 CPU 256 K Memory
8-13 Users
6/5/70

Instruction Executions

~~bserved in 10 Seconds
.Jbservations separated
by 1 Second)

3,008,278
3,358,278
3,330,513
3,162,857
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1 CPU, 256 K Memory
19-21 Users
6/5/70

AM Search Requests
Observed in 10 Seconds
(Observations Separated
by 1 Second)
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311, ?;CH/

Figure XI:
Register Associative Memory

Search Requests to 8

o, 000 —

3 50,000 —

'l

3(50(000 —
gi'/b/mo T

320, 000 ——

.Séavr>he14?;ecznﬂcf

s¢ e

Coon 7‘@4» /o

L-//O(—‘: < 12 o000

aveva3£

—— %, 000, 0

on afSczQ/an‘Lu_e — 3,000,000

NSO o a’-wu,oé
e

(Jsrmaz)

—4— 11000,000

t

AM S'ea,va@u Obsc,ucd

#:of o‘fe_«uu‘/(dux 4 c»\1

é—

07 Y% 765y 3 3¢

[0 Séccnfs



1 CPU, 256 K Memory iH,too I4Y ,c00
19-21 Users
6/5/70
"Not Found" Responses (35,000
Observed in 10 Seconds
(Measurements taken
simultaneously with 12, 6oo ] /A6 OV
those of Figure XI)
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1 CPU, 256 K Memory SPW matele,
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21-23 Users v.§(3a,ép
6/5/70 J/
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= §—/(DC, ao
1 CPU, 256 K Memory
23 Users
6/5/70

7 Memory Accesses Observed in
10 Seconds (Observations L{50,000
taken 1 second apart)
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1 CPU, 256 K Memory
23-25 Users
(6/8/70)

/\
tn 10 Seconds (Observations

Separated by 1 second)
3,098,832
2,878,935
2,942,036
2,736,823
2,774,232
2,659,807
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AM Search Requests Observed
'n 10 Seconds (Observations
Separated by 1 Second)

PR

6/8/70

3,410,957
3,417,383
3,338,417
3,300,361
3,219,028
3,259,103
3,382,606
3,388,663
3,326,615
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3,363,319
3,261,174
3,369, 305
3,419,950
3,414,968
3,569,023
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Figure XVI: Search Requests to 4
Register Associative Memory
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1 CPU, 256 K Memory

L/OIOOQ__,__ —_— 4, L/OC)/OCDC)
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6/8/70
AM '"not found" Responses Observed
in 1 Minute (Observations Taken —t— 2, R0, Cc
Between 1048 and 1101) 35 7/0/1-4@(, /\ _ i a (1-5/?
2,243,977 35,c0c —— R, (o<, GO
1,949,944 0, Ceie
2,006,642 :
2,263,931 /, Qe cco
2,226,550 30, 000 0
, ——
2,014,818 bt foon N g/Qc'm«p
2,157,998 SCas'e
2,166,748
2,258,391
2, 137,513 —_— /, 5(/(3, qdle

Note:

Fi

gure XVII: Associative Memory ''mot found"
Responses to Search Requests with 4
Register Associative Memory

"not found
to the 4 r

—t— [, 0C0 ek

"s occurred on 10.4% of requests
egister associative memory.

/" ) ¢
nolf Fouret, ”
0\1“4,, quaj (”f_f"
¥4 C%«l@W(b@Vw‘ _j? ﬂ((/nu, fj
<—

&

L O



1 CPU, 256 K memory
24 Users
6/8/70

AM SDW Matches Observed in
1 Minute (Observations made
between 1104 and 1119)
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Figure XVIII: SDW Match Responses to
Associative Memory Search Requests
with 4 Register Associative Memory
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"1°CPU, 256 K Memory
25-26 Users

6/8/70

Memory Accesses Observed
10 Seconds (Observations tf S0 vvo =
Made 1 Second Apart) g
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Figure XIX: Memory Accesses with 4 Register
Associative Memory
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1 CPU, 256 K Memory

6/5/70
Instruction Executions Number
Observed in 1 Minute of Users _ ‘ |
TSN I — Y) d
7,412,020 14 133,333 - —4 009000
7,409,882 Ian,(véé—-— '
7,443,528 |33, \qs/gea_ —_—— —_— — | —avevage
7,360,494 130,000 24— 1,200, (0
7,331,386 ) R /13,233
7,298,917 '
7,399,623 T —4 W g ——{o,Hoo 000
7,397,786 struc \ww{s“ec.z.m.
scale
7,420,617 | :
7,447,495 20 : —— 5,00 00
7,325,603 coonter probe on |
) | specdome tev Vine
7,468,917 (QGAR:‘-B CQ\/S()) {
7,439,546 y ¢ 0o 60
T %2
7,452,757
7,369,736 21
—+—Y4,000, 000
igure XX: Total Instruction Executions
with No Associative Memory. 3 300, 60
——r—J > ‘ 0

——4, Yoo, coo

T ——%c0o, co0

\Iﬂ%“‘v‘ o (.,’t .q,\ eyccu'(‘\o,:w

¥ O‘p o&semajl'\w OGlhsevoelkl w4
< M (o vte

9% 765 4 3 2




—1— @ 30,000

—_t (OO0, 0vo

—— bk To4,0c0
541,537 eud

——d
(_}'

-1 5!' /C’U, Odo .

D L/fo, oo0o .

—— 450,000

/n el

s¢

Wg

1 CPU, 256K Memory
1-18 Users, 6/11/70

Memory Accesses Observed
in 10 Seconds (Observations
made continuously)
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5,382,047
5,387,407
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Figure XXI: Memory Accesses
with No Associative Memory
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