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Hewlett—~Packard 21142

Interdata I3 (internal inst

- ppp-X (a machine we never mu”lh)

SPC~12
PDC-B08

The following table

1

POR-L1N 280
PDP~1LEB 280
POP-8 468
HOVA , - 640
5201 . 752
6201 ~1130
2L1AA 1040
vIS?;INT) 864
T3 (Exr) 784
S POP-X 576
. 8PC~12 824
POC-608 664

orwalizing this to 100 for

1
- POP-11A 100

PRP=L1B 100
POP--8 167
Nova o229
5201 269
6201 404
21140 L 372
I3 (IND) - 309
I3 () . 280

PP~ 206
CSPC-12 - 295

PDC--808 237

shows
'aach of thg five problcms on

2.

280
280
432

272

489
496
384

1100

640

"368

- 1030

1080

2
100
100
160

97
171
177
137
393

229
- 131

368

386

_ ruction set)
Interdata I3 (external instiuction set)

he nuher oF

3
240
240
420
320
632
780
576

1200

688
432
1420
1320

L]

fw

100
100
175
132
264
326
7/’0
JOO
227

180 -

592
550

4

320

320
376
400
456
896
656

764

640
448
752
728

4

100
100
11e
125
155
280

206
545
- 200

140
228

235
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11 January 1969/JC

5 .

—

200
200
256
1368

320

. 440
340

bits noed to enc@dc '
the 12 1n tLucc10ﬁ sets.

512"

384

304
344

the PDP~1l, we gets:
8.,
100

100

128
184
160

220

170”*'
256
192

152
172

316

632

- 100
100,
150
154
1203
281
225
340
237
161
332
343.

The average over the five problems for cach machine appears in
It is very significant to notice the.

the right hand colwan.
dijfurunoo boetween machines.

some machines (Interdata Internal,

8PC-12, PDCMPOS) actually use more than three times as many bits
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to encede a problem than the best machhuv in this categcry. L

Thm number of machina cycles to ‘execute each prob¢em was also ;
‘tallied. These results were: :

| by 2 3 4 5
PDP-11A 4260 149 1210 12400 49 -
POP~11B 8210 297 2220 20600 98"
PDP-8 50500t 313 2640 - 21600 198
NOVA 131200 135 1530 15600 190
5201 35200 260 4880 . 40000 218
6203 43100 451 2260 © 51600 190
21140 17400 149 1750 33800 133 °

13 (IMe) 18200 294 4080 32700 125
€3 (1Xr) 21.000 500 2560 40500 102

PDPSX 11400 168 1320 16500 85
§PC-12 32200 843 10500 57400 196
PDC~B08 27000 979 12000 63700 529

chﬂn normalizing to a 100 for the POP-1liv, we geti

2 2 2 4 §, §ave-7

. 3 4 ave  gve

PDI-11A 100 100 100 100 . 100.‘31003191;0
POP~118 193 199 182 166 200 188 . 3.0
POD-8 1190 210 218 174 404 439 1.5
HOVA ~ 734 91 127 134 388 294 2.6
5200 1210 175 404 322 446 . 511 1.5
6201 1010 303 187 418 388 ° 461 1.0
21.14n 409 100 145 272 272 239 2,0
I3 (Inm) 428 195 337 284 256 296 3,0
I3 (@) 494 336 212 326 208 315 1.8
PDP-Y 268 126 109 133 173 161 1.0
SPC-in 760 567 869 . 462 400 Bll . 2.4
8.0

PDC-008 635 656 992 514 1080 775

Tenwber of cycles for each macn3r0 wQ~ ch raged in tne colunn_
headed "ave", The next colum. {cyc) contains the cycle time. lor H
the nachine., PFinally, the right hand coiumn gives the normaliz ‘
averaged speed for the five problems on each mach:ne. Again anre
ig a tremendous spread., The fact thal the POP-11 wins so sbxonoly :
in both speed and memory econony, coupls with its low: prlce, clearly
»1nﬂxcuth‘ that the product ha, uﬁ]lhl LQ potential,

We have compilled ratings by teking the laverse of the bit and e&'
- novalized averages for each maching, 7The plots for both spe e& unﬁ



How Good Ls th}ea,‘k?}i‘s

CMSREY economny are

e e

SRR 1 STy
foes .w.,, U8 e

‘7»1‘«'»?5 e 0 &*"1" AR
b Pl Nty T
Lovrommnnss ‘.“ 15, (,,

1 Lo 1] L] j,,‘ 5

e STAN P

f.,‘ 7 ] u:‘\:‘

T s
i WL A

o d P~ ok

SR h‘i&i oty ﬂu oo
Call tho cﬁ*hr\z mactuine
'Pwvwll

-

R
W

Pe11%

ly indj mwtac hmq'
in
z,rmU,,(‘y” Bandi Ly c]’f’:.'

13. Jea nuary 19-6;)" T

N

T G

»h“} ..v

3

-

and

i
h

’
t il oo
L IE

. Ay
‘._.,.m—« (,’«4, WX s

»--‘,~-~'-’«".~:;ts(f~‘-‘-sf'\,j»..u. g xm woc-x d,@ P

e i s

T

P
kl.'i.)

CLU’uV L
tire: o
o f““ﬁ c w Aci:‘gr;,,,j




‘How Gbod is the PDP-117 s i e
§ Lot R * ST 11 January 1969/3
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As a Final ratinq, we averagd the ppecd with the bit efflcie’
coumfing each equally, The resulis sp@ak: for L‘nemselvesf;-
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_ Distribution List

TMLI.» Introductlon

When the PDP-ll 1nstructlon set de51gn was completed, ar number of«
.people asked how it compared with other computers. To get the: .
answer, it was decided to compare typlcal small computer problemsﬁ
~on the PDP-11, PDP-8 and the NOVA, Five examples were chosen —,;
.some charactér oriented and some arithmetic, Each problem was
,:g,fcoded for the three computers.f Instructloﬁ bits and execution
" * cycles were counted.  The results of these counts were used to 113:,‘
‘“:evaluate the performance of che varloqs 1nstruCtlon sets.~?* e
~The PDP ll turned out to be oesc both 1n speed and memory economy.

,P,tthPDP 8 used SOA mora 1nstructﬂon blts than the PDP~ll

~—=-the NOVA used 54% more instruction bits that the PDP-11
‘&~the PDP-11lA runs. the example problem56 tlmes faster than -
. the PDP-8 ; -
~~the PDP-1lA rﬁns the problems 7 times faster than the NOVA
--the PDP-11B is 20% faster than the PDP-8 B

,—?the PDP-B is 15% faster than the NOVA )

}The study procedure whlch we LOllOWQd is deflned in Sectlon II., )
' The results of the study are glven in Section III. Appendix &
“icontalns the actual code wnlcn we gonerated for the test problems.

rry bata | Ga'thefing Sy

a ,

- Thi ] : cations in the study an
:sdescrlbes the evaluatlon prucedure TR e e
3 v 1 "« 1,. E B -
f’A. xAppllcatlons‘ o
e

,We used five test problems. Two were prmncmpally character orlented ,

S and two arithmetic., Another operated on both 8-bit and 1l6-bit data.: {ﬁ

.o Two of the routines were required to be "subroutinized", in that they
~,j>picked up arguments from a calllng routlne and restored values.

fGWALfﬁhﬁéMéﬁﬁfoOFPokakw¢AwWAYNAhD“MASSACHusETTS'




_Comparison of PDP-11, PDP-8 and the NOVA

Move Characters aﬁd Edrt

. ;:Thls‘problen tested the ab111 y of the machlﬁe to move characters
~(8~bits) from one memory block to another. It also made use .of array

- indices - which had ranges of less than 256 ‘and also which had ranges |
"greater than 256, The ability of the machlne to JPbranch on character |

;;fmatches was also 1mp°rtant'rf“f-

‘The input characters were broken down into a varlable number of 11nes,u:;»
.+ and terminated with a special end of record character. Each line was
" . of variable length, terminated by a specizal end of line character. . =
. -The output character array was the same as the input, except that the .
" lines were edited to a fixed length.. The end of line, end of record =

characters were removed, as well as.all cmbedded blanks. . The indlvi-'*”
‘dual lines were blank filled on the right to make them.all the same 1engt?

- {the output,line length was greater than the number of nonblank

f'characters in each input line) : : , :

e \f« RIS

" An exanple of Lhe Operatlon of this.réﬁtineﬁi8€jwl
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ST I S e L .
Comparison of 'PDP-11, PDP-8 and the NOVA : =l
L ; : S - , Jan ary 1969*JC

The flow chart is:

where A is the input array _ :
B is the output charactcr array
I is an index to the input '
+J is an ;ndex to. the output 4 o
K counts the number of characters in an output line A
X. holds the current input character - L o

_N;is_the»(variable)inﬁmbér«ofachaIaCtersi




. Comparison of PDP-11, PDP-8 and the NOVA.

Q;thicé'thatJfﬁe boxes iﬁ the~fiéWtéhért7éreyhum5éréd;y@Thé nunber, of . .
- times each box is executed is given by the assoicated ntmber in = -
parenthesis, Gt T e L T e e P e e s e e T e A T

" We assumed that there were 10 input lines of ‘30 characters each, 20 | -
of which were nonblank. The output line length was 100, Box 'l is. i
- executed once for initialization. Boxeg 2, 10 and 1l are entered 10 " .

" times - once for each line. Boxes 3, 4, 5 and 7 are executed for each
- input character - in our example 300 or 30 per line. ~Box 6 is executed = -

~ for only the nonblank characters — thus 200 times or 20 times per line.

.. Boxes 8 and 9 are used to £i1l the input lines with blanks. ‘This .

ff;occurs 70 times per line for a total‘of‘700 in thecproblem.

"2, Multiply Subroutine

This problem had a nurber of objectives - testing the ability of the :
" ‘machine to set up subroutine linkage, to sense bit configurations and
~branch conditionally and to easily shift double words. The test is S

-also,importantkbecauseithe;multiply~operation is commonly used. =

. The program first picked up two 16-bit operands from the calling program. .
. These were multiplied together by the usual shifting and adding method.
-~ The 32-bit result was returned to the calling program. The routi e
operated only on unsigned integers. - 0 S




PDi:;a and the NOVA

OL PDP"“ll ,

ClsET zeRe )
LEFY O0F X, Igex i
LA RIGHT LY

ADD 3 To
Lt-_FT oF

‘ 'PI&HT
: »I'< I-r{

5
%
fffA‘ one of the Operands .
/B is the other operand
I
N

‘1s an index to the number of bit & in each Operand
the number of bltS in each opﬂrand.

A

11 January 1969/JC




| Couparison of PDP-il, PDP-8 and the Nova |

We assumed 16 blt Operands in all cases. On the PDP-8, the program
‘was written for 12-bit words, but the cycle count was later adjusted
‘as if the main loop was executed 16 tlnesv; wc assumed that Lhe flrst
innut arqument contalns exactly 8 one's.

Box 1 is 1n1t1a11zatlon and hence executed once. Boxes 2 '3 and 5 arekjy.
entered for each bit - 16 times. Box 4 is executed only for 1 blts 1n G
f,the flrst operand - 8 tlmes accordrng to our assumptlons. w : :

-'7f3,f Tolerance Check

The objectlve of thls problem is to ‘test arlthmetlc comparison capa-
brlltles and the ease in which the machine can index through an array
~of 16-bit quantlties.Subroutlne linkage was also considered in that the L
calllng sequence to this problem was more compllcated than that to the
multlply subroutlne. ‘ et A ; : i

The program plcked up an array address, the count of the number of elementsf
~in the array and two tolerance limits from the calllng program. It indexed
through the array,checklng each element against the low and high limits. i
If all elements were within tolerance, the program returned an output e
value of zero to the caller. If any were. out of tolerance, ‘the index

1n the array cf the offender was returned.\ : . 5




_jl~ﬂpa e 7 o

e e s.\\ LT TR ~"~
-Comparison of- PDP-11, PDP-8 and the NOVA :
Sl e e S S 11 January l969/u

' The flow chart is:

ET APC“ i 8o ‘uaf:?
%T< Lo 03 _

Ar CUrIE Jl"

,’f '-*"‘ O ;"

ET UMJ

R i ad .
n{ o

ﬂ> RﬁTU@ﬂ

gox 2 (oS
AFG’UM;:NT"
ReT 0

is an lndex to the nunber of elemonts 1n the array
.1s the number of elements in the array
is the array of numbcrs
is the low limit ' ;
is the high limit

is the return argumeht
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Comparison of PDP-11, PDP-8 and the NOVA 2
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fFor tlmlng con51deratlons, we assumed tnat there were 100 entrles 1n the1
" array and that they were all in tolerance. Boxes 1l and 6 are executed .
~once, as they involve initialization and termlnatlon, respectlvely Boxes‘
2,3,4 and'5 are executed 100 times - once per array entry. Boxes. 7 and |’
8 are not executed because of our assumptlon that all .entries gre in =
ﬂtolerance.“ , Gaibe i

“‘4 Hlstogram Compllatlonh,-

ﬁIt tests the ablllty of the machine to randomly 1ndex to- memory
~tarrays and to increment 16~b1t memory’integers.‘

‘jThe Lngut 1s an array of 1 000 16-bit numbers, with values normally in the<:
- range of 1 thxough 100. The program must contain code to ignore other . |
- values - O'or 101 through 256. The -output is a memory array of 100 16-bit
~ numbers. These contain the counts of occurences of the 100. possible lnput]‘
nhvalues. For example,. if the 16=bit number 20 occurs exactly 15 tlmes in .

- -the input array, the contents of the 20th element of the output array

‘?must be 15. I o ,




ij'Coméafison;bffPDP—ll; ?D§532335(tbé*ﬁQVA‘"

The'flow-chart for this problem is:

/115'736’11./3/7

s the input data array . -
is the output histoqtam'wrray e

“is an index through the output array
is an:index through the input array ..
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" #BOX@S l and 4 are for initialization and hence, e xecuted once._ Boxes ,
~ 2 and 3 are used to zero' the output array &nd. are executed once per. 7}{'”:
"‘output entry of 100 tlmes. Boxes 5 through 10 are’ entered once pe RN B
'“input entry, 1, OOO tlmes tOtul.‘ N T S _ e T

5. Uecimal to Blna;y Convcrexon'w

fﬂfThe obJectlve of this test wa's to determlne how the machlnes performed -
- “in this rather common application. The problem also tests character '~
" manipulation and the abillty to do spec1allzed multipllcatlon using!3f,::?
ngshlfts and adds. e G I

The input is a five character array and the'output is anwunsigned‘ i
integer less than 32768. On the- PDP~8, the routine was written for\a :
12ubit Operation, but the*cycle gounts wereumultiplied by 16. ;

The flow chart iSt f

Ve m
FLor. 7

where A is the 1nput character array s i
. I is an index to the input characzers" : et By e
. J is a temporary storage 1ocae10n for each bLnary digitf;-”
‘J;VK_is the binary result S : : : Ty




Q%gwords and storage for constant data, Temporary storage was not
~ - tallied, as it could be shared amorg routines or was coatwlned in
. general registers. The word count was w]ﬂﬁlV multlplied by the

:**chzrts. The number of machine cycles corfcspondlng to each box

by assuming that every 1natructlan took 2 cycles except for JIMP

pare 11 —¢fﬁiﬁf
1 January 1969/uck

o Compal.lson of PDP--ll, ,PDP-8 and ths

 3;’ Procedule ; "

f: After the nroblems had been CO@LO, we. count -ad tﬁe'hﬁmbér of'b1ﬁsv N
“and ¢ycles used, The bit count involved a tally of the 1nstruct10n;;k

;; word length to get the pleram bib‘oOuﬂt-, :

'77Each program was partltiowea as b?&blfi d v the boxes ”iﬁ:théf;icw

was counted., This number wag then multiplied by the corresponalng
1 box frequﬂney, which appears with the box number on ‘the flow charts
These products were then added together LDL each program,_giVLng
f;;the cycle tgta] for the problem.': , v

Tf,iime fiqures for each camnuter w@fa camouund DV multlplying t‘e
. .average cycle counts by tam'cvdle time This is assumed to be
.~ 1,5 microseconds for the PDP-8, 3.0 or the PDP-11B, 1.0 Lor the 0

© PDP-11A and 2.6 for the NOVA, The times for the .latter were computed -

aliand JSR whlch took 1.

iIII. Reaults_

ﬁ}fThe followmng tahlaysummarxzesfthe n
;{fproblem:‘ : .

© pppella

average




‘and the NOVA

¢§Compar1eonko£_PDP~ll, PDPVS

" The PDP~8 and the NOVA both. %uve thQ-IimDLllby of no. pyte handling
“instructions. Subroutines to load and store bytes were coded and
. called when relevant, but the bit count for these 18 not included
(assuming that tho routines are. huf@d ovor a large number of :
5,programs) e il .

:The nummer of blLS uapd by Lh PDDwB erLcd from lom more +than the

. PDP-11 for the. niatoqram example to 75% more in the tolerance check,
_ The NOVA performed fairly well in this area for 16 bit arithmetic,
~but very poorly for chdractar mamlnuldtlon 3 even though a sub-
grouLlne call was uved e :

. App@nd1x B eontains a . detalled llstlﬁq of he cycle counts For
“ each problem on the three computers. The table for each problem i
~has one row for each box on the flow chart, The number of tlmes"'
- that box is executed i% glven in the fre*uency column, Then for
~ each computer, the nunmbe ‘eycles to execute the box and tne l‘
g;cycle total is given. The cygle totals are added. together to form
- a grand total of memory cvclev fo*'cach computer. A summary of -
‘wthese is: g :




j}Comparlson of PDP 11, PDD

?F”he tlme row abova was comouLed v mulrlnlyzng the average cycles
by the Menory cycle time. As was mentioned befcre, the NOVA ,
Ltimes were smmpllfxna by assuming: qll ingtructions. took 2 memory  ’
© eycles except JMP and J8R which took 1. Thp NOVA cycle is =
- assumed to be 2.6 micros uconds. '”hc super jority of the PDP-11A is
- quite startling and it is sxgnlLlcanL that the PDP-11B edges out -

A‘both Lhe pr 8 ’md the mow.. -
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and the NOVA . |

* . PDP-11
T LOW, I
LDw, I

LsTW,M

. Q2 LOW,I

- STW,M

~ LDB,LD

;App=nd5v A

,,f&KﬁNPLﬁ o
- MOVE CHARACTERS AND EDI

1
Q8
Q7
M2
ML
M
Q3

M‘AB

A

Mg
Ml

-~
g

o
- M2
Q9

Pod:nq Tor ¥

‘2  5”"
-2

;PXAMPLE e
MOVE CAARACTERS AND Earr

H ROV 0N fﬁmln#ﬂ#b:w&okM~F4H“m

MENDL
MENDR
e




CLL RAR -
o 8TC .
- 8TC
T2

LealoXSE
. TADT

DCA
© SNL
~JMP
. CLL
" TAD .
CRTL

RTYL
. RTL
" DCA

' TADI

~f?2, ;

y« w .ua‘”_“

;ll Janudrj;l9o9/bc S

1 AADR7 _
LDC e
.3,ENDL .
¢,3 SNRQ

k'Tl .\
T2 ;

T 1:AADR
- LDC

. 3,ENDR

- #,3, SZR.'

Q2

vk ﬁfSUBN
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N
Nl
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~r

Hw ]
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~%9wawﬁéﬁ&wfu,

" EXAMPLE .2A,B

,MULTIPLY‘, -

‘% . PDP-11

- MPY - CLA

. % STW,M 'M[Zf

V_LDW,XD (1) j o
: Ml f LSRN

o

o M2
- M1

"“iﬂo4+1f_

4 261)'rﬁ1
Mg

?MQfd

M

oML
) M2 S
5 Q2 ff}nvv

,,Mz‘ e
ML
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- EXAMPLE 2D =
. -MULTIPLY
"% . NOVA o
MPY = LDA -ﬂ,Mls
o 8TA . g,
. LDAT 0 1,(3)
- LDAI | 2,1(3)
. sUB 529 A
Q2 MOVRNM 1 ﬂ,szc o
S ADD L

'# . EXAMPLE 3A,B .
‘% - TOLERANCE CHDCK
® - . PDP-1l . .
T0L  LDW,XD" (1)
U NEG
.sTW,M M
Cmow,x . 2(1) o
. LDW,MD M1 -
© CPY, XD '

NNNuwooauvua



Comparison of PDP-11, PDP-8 and the NOVA | .

s : st page 18 o

% ' BEXAMPLE 3D
% . TOLERANCE CHECK
% NOVA :
" TOL LDAI 1,'¢,(3)
N STA N
_ LDA ﬂ,l(3) =
. sTA . g,AuT¢d
S LDAT - 1,2(3)
© LDAI - 2,3(3)
‘oA ¢,K1
. sTA - #,4(3)
. LDATI ~ AuT¢ N
5. SUBNZ 1,d4,s2¢Cc
S JMPL Q7 T
. .SUBNZ  #,2,8ZC
SJMP . Q7
. IszT 4(3)
. Dsz. I
Lo.aMP Q2
. suB - g,f
v oeTAI C #,4(3) ;

DO ONUUANBWWIR R

aw,,;,_;EXAMPLE4A B J -
% HISTOGRAM jf‘,;:
*  PDP-11 =
 START IDW,I B
e sTWw,M o MZ
- LDB,I = 1¢¢
. STW,M" M1
CHRICRRAT e
. STW,MD N¢
. DEC,M. M1
”ﬁfJNE 'L'Qz,‘”’
,gsmw,M;«\Mﬁr, o
o Low,I - 1ggg
. o7 Ml ‘
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. ‘-Exaﬁpm 5¢

%  EXAMPLE 4D S
ke I TO BINARY

.. HISTOGRAM
CNOVA L o
“ILDA . . @#,BADR .
. stw g,
- LpA ﬂ,Mlﬁﬁ‘:v~;
<. .8UB R
. STAI
- INe
L dMP -
~ LDA -
- LDA
- LDA
 LpaT
NEGZN
2 JMP-
kf,NEGZﬁ
L JMP
o I8z
};Qlﬁ,y; INC

,:°fTAD?[L“]M6.f[E

ﬁamﬁmff  .
g i fop

N PR
Ao

AR AWWW LR N RS S

AADR L e
BADR

jvplﬂﬁ ”-7.*¢”ﬁff

oMiged

: . EXAMPLE 5A,B S
% ' DECIMAL TO BINARY” kE
% - PDP-11
"START LDW,I. A
\mx f;STW,M‘: M¢~  q
.. LDB,I 6 L
. STW,M ML
S STW,M M2
: M2

-\1 iy i i k3

AAAAAAA



g
LB

~ PDP-11B

&

e

(o))
o

o

N

&

oy
e
b

- '
\ON'L"W'J“;COU‘O),:;Q)Q

(o)}

o

o
. ., “- > .h PR . ' . i - ‘
NAOWW AR BANO

TR L
svudvenanano [f
-

N
o
o

S1oip poLerasd ’8‘X$puad3§4’fjf»~

VAON sU3 PUR §-dad ‘TT-ddd Fo uosTiedwon,

Z,QTQméxa;

obed —o il e

50/696T ATenwep TT .
i 0g



e e e

i e i

——

(0]
(g3
rr
o
t
| E oTaweRE

e 1

L ..:o’

et ot et & ot

13 s 3 T
100

w
o
—

.'w
OOV WWO VO
s B
‘ o
S| S8
QOO WNHNO WO
‘1T~dad Jo uostredwmon

2
D)

Q.
o

- box

 CLONOUAWNHO
WdhmwwowQO®oJ
WHAWWWOOMO MO

e

-

- O0/696T Azenues 17



