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Hewlev ~Packard 21143
Interdata I3 (internal instruction set)
- Interdata I3 (external instiuction set)
PDP~-X (a machine we n»vbh~ou*lt) e
BPC~12 .
PDC~-808

The following tablé shows the’nqmnb: of Dlt“ noed to encod@ Sfr"
“each of the five probleme on the 12 lh&h;ﬂCulOﬁ sets.

1 2.3 4 5.
PDP-L1M 280 280 240 320 200 e G
PDP~-) 1B 280 280 240 320 200 ;
POP-8 468 432 420 - 376 256
wova 640 272 320 - 400 368
5201 . 752 - 488 632 4986 320
62071 ~1130 496 780 896 . 440
21140 ©1040 384 576 656 340
Iﬁ‘gINT) 864 1100 1200 764 512
T3 o(Exe). o 784 640 688 640 3L
- POP-X 576 368 432 448 304
. 8pC-12 824 1030 1420 752 344
PRC-008 664 1080 1320 728 632 ‘

4

~wfmalizinq this to 100 for the PD?-1l, we get:

i 2 3 4 .5 ave
POP=11A 100 100 100 - 100 100~ 100
POP~11B 100 100 100 100 100 100G,
POP-8 167 160 175 118 128 1507
NOVA 229 97 133 125 184 154
5200 | 269 171 264 155 160 - 203
6201 404 177 326 280 220 281
21140 372 137 240 . 206 170 225
13 (INT) - 309 393 500 045 256 340
I3 (mxe) 0 280 229 237 200 192 237
PDP-X 206 - 131 180 140 152 . 161l
SPC-12 295 368 592 235 172 332
PDC.-808 237 386 550 228 316 343

The average over the five problems for cach machine appears in
the right hand colwm. It ig very significant to notice the. .
differences between machines., Some machines (Interdata Internal,
8PC=-12, PDC-L08) aciually use more than three times as many bits
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to encode a problem than the best machine in this CategOZY1”

Thm number of machine cycles to execute @ach problem was also
“tallied. These results were: e L e

PDP=L1A 4260 149 1210 12400 49
POP-11B 8210 297 2220 20600 . 98
PDP-8 50500 313 2640 21600 198
NOVA 31200 135 1530 16500 190
5200 35200 260 4880 . 40000 . 218
6201 43100 451 2260 ° 51600 190
21140 17400 149 1750 33800 133 "
13 (T 18200 294 4080 32700 125
T3 (LXD) 21000 500 2560 40500 102
PDP-X 11400 168 1320 16500 85
§PC-12 32200 843 10500 57400 196
PDC~B08 27000 979 12000 63700 529

MQﬁ&n norm&lizihg to a 100 for the PDP-1li, we get:

| i 2 3 4 5 ave gve g
PDI-11A 100 100 100 100 100 100 1.0
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
5201 . 1210 175 404 322 © 446 . 511 1.5
6200 1010 303 187 418 388 ° 461 1.0
21141 409 100 145 272 272 239 . 2,0
I3 (Inr) 428 195 337 264 256 296 3,0
T3 (mam) 494 336 212 326 208 315 1.8
PDP-Y 268 126 109 133 173 161 1.0
SPQe12 760 567 869 . 462 400 611 2.4
PHC-808 635 656 992 514 1080,‘f715 . 8.0

Tenuber of cycles for each machine wih aVC ugea in tne colunn
headed "ave", The next colum: {vye) vontains the cyele time: lOL
the nachine, Finally, the right hand column gives the normalirz
averaged speed for the five problems on cach machine, Agaln tnc:e
s a tremendous spread, The fact thalt the PDRP-11 wins g0 oufOﬂOly :
in both speed and memory econony, coupls with its low: prlce, clearly
»1nﬁioatnn that the produc’ haa valinited potentlal i

We have comleod ratings by teking the inverse of “he bit an@ spead
i nOLMdlkﬁtd avoragOﬂ LO cach nachine,  The plobs for both spzed and..
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FROM: domn Cohen’

;4_DietributioﬁxLiet‘

_:i;- Introductlon

When the PDP-ll 1nstruct10n set de51gn was completed, a; number ofg
cpeOple asked how. it compared with othexr computers, To get the: '
- answer, it was decided to compare typlcal small computer problem
~on the PDP-11, PDP-8 and the NOVA, Five examples were chosen - =
_ .some - charactér oriented and some arithmetic, Each problem was ',
- - coded for the three computers. - Instruction bits and execution == .
. cycles were counted. . The results of these counts were used. to

gevaluate the pprformance of the valloaq 1nstruct10n sets.~3{ SRR
- Y : SRR
éThe PDP—ll turned out to be oest bo h'ln speed and memory econony.
'Specifically; ey --wo_, : T .

(‘QvPDP -8 used 50 _more 1nstruct"on bits than the PDP-ll
NOVA used 54% more instruction bits that the PDP-11
> PDP-11A runs the example problemeG tlmes faster than:~
PDP-8 : 4
PDP-11A rﬁns the problems 7 times faster than the NOVA

"PDP-11B is 20% faster than the PDP-8 :
{ PDP—8 is 15% faster than the NOVA ‘

gThe study procedure whlch we rollowed is deflned in Sectlon II._
. The results of the study are given in Section III.‘ Appendix A e
" contalns the actual code wnlch we generated for‘the test problems.

fll Data Gatherlng
j

fThls section dlSCUSSéS the
_descr1be$ the evaluation prtce

iec

ations in the study an

yfﬁA. }Appllcatlons:r'“*h
f 7

;We used five test problems. Two were principally character orlented'ﬁ;
~ -+ and two arithmetic, Another operated on both 8-bit and 16-bit data.:
..+ Two of the routines were required to be "subroutinized", in that they
- picked up arguments from a calllng,rou lnt and restored values.f"'=

‘DIGITAL EQUIPMENT CORPORATION » MAYNARD, MASSACHUSETTS
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Comparison_ of B0E-11, $DP-8 ana e Houn

T12' Move Characters and Edrt

.

‘fg,Thls problen tested the ab111 y of the machlae to move characters A
- (8~bits) from one memory block to another., It also made use of array L

< indices - which had ranges of less than 256 ‘and also which had ranges |

"greater than 256, The ablllty of the machlne to branch on Character |
[fmatches was also 1mportant. }-_,u A |

. The input characters were brokea down into a varlable number of llnes,1 o
- and terminated with a special end of record character. Each line was
. of variable length, terminated by a ‘special end of line character, = .

. .- -The output character array was the same as the. input, except that the
"~ lines were edited to a fixed 1engtn.. The end of 1ine;<end of record e

7characters were removed, as well as.all enbedded blanks, The ind1vi~i‘“
dual lines were blank fllled on the right to make them.all the same lengt}
(the output,line length was greater than the number of nonblank S
;lcharacters in each input llne) e S

kgAn exanple of the operatlon of this.reatiﬁeiis="‘
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CBOX 1]

’;;, A
END RCD

is thc input array :

is ‘the output charactcr array

1s an index to the input °

is an 1ndex to. the output o~ R

K counts the number of characters 1n an output line
X.holds the current input character % 4% ;

AN'is_the ({variable) number of characters in an output linef

o

Qf*&




'T,executed once for initializatlon. Boxes 2, 10 and 11 are entered 10

o Page 4 *;f”hv

£ PoP-11, POP-3 and the rovA o
SR e e e ll January_l%‘-?/JCg |

5;Notice;thatJthe‘boxesxlﬁhthe~ciow"ehert“ereyhuﬁbered The number, of,
. times each box is executed 1s given by the as301cated number 1n,g‘ i
_ parenthesis. i A L : L RS TR

ifWe assumed that there were 10 input 1ines of - 30 characters each, 20
of which were nonblank, The output line length ‘was 100, Box 1l is:

"~ 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 i

* for only the nonblank characters - thus 200 times or 20 times per llneg
.. Boxes 8 and 9 are used to fill the input lines with blanks. ‘This.
A{;occurs 70 tlmes per llne for a to al of /OO in the problem. AT

2. Mult1ply Subroutlne

itﬁThis problem?had a number of objeculves - testlng the ability of the

e

- machine to set up subroutine linkage, to sense bit conflguratlons and

~ branch conditionally and to easily shift double words., The test is

5 also important because the multlply operation 1s commonly used. ;e)‘pf;rtT

;*_The program first plcked up two 16~b1t operands from the calllng program.&
. These were multiplied together by the usual shifting and adding method.
' The 32-bit result was returned to the. calllng program. The routine

>operated only on unsigned integers.f“x : B : s




;Comparison

-

i
i

where

ke

OL PDP~11, PDP 8 aﬁd

The flow chart is:

1 the 1ovA

R0 1‘3
L,&Fr or:x Ko
A itg} f' CH D £ AN

LLFTTOF

ADD B . To

K

RI@H:

SHIFT X

'Ik I*ﬁ-

,is a double word to hold owe’

s one of the operands
s the other operand

'is an index to the number of
is the number of bltS in each opﬂrand

¢f> t’jrie‘ operands and the result |

bi s in each operand

-

11 Jénuary 196§/bc




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

;_Wé"aéghﬁéa‘is bit operands‘ln a1l cases. On the PDP-8, the program
-was written for 12-bit words, but the cycle count was later adjusted 5
~as if the main loop was executed 16 times. We assumed that the f;rst

ﬂfmnnut arqument contains exactly 8 one* s.,

fog s

fﬂBox 1 is 1n1t1allzatlon and hence ehecuted once. 'Boxéé“é 3 and 5 are
 entered for each bit - 16 times. Box 4 is executed only for l blts ln
ﬂ the flrst operand - 8 tlmes accordrng to our assumptlons. ’

f 3,‘ Tolerance Check

ﬁ;The objectlve of thls problem is to test arithmetic comparison capa-
* bilities 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
" calling sequence to this problem was more compllcated than that to,the
f’multlply subroutlne. g e : ,W,? ,

VThe program picked up an array address, the count of the number of elementsf
:~,1n the array and two tolerance limits from the calling program. It indexed
through the array,checklng each element against the low and high limits. =
. If all elements were within tolerance, the program returned an output - .
gavalue of zero to the caller. If any were out of tolerance, the index
1n the array of the offender was returned.\ ‘;;,,'ﬁ e




_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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- Gomparison of PDP-11, PDP-8 and the NOVA -

{For'tlmlng con51deratlons, we assumed tnat there were 100 entrles in the
-array and that they were all in tolerance. Boxes 1 and 6 are executed. 'l
~once, as they involve initialization and termlnatlon, respectively.. Boxe;
' 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 are in

ﬂtolerance. : S ,

4;~ Hlstogram Compllatlonv

yIt tests the abillty of the machine to randomly 1ndex to memory
.warrays and to increment 16—b1t memory“integersﬂ

[;The anUt is. an array of 1,000 15-bit numbers, with values normally in the
~ range of 1 thxough 100. The program must contain code to ignore othergi “Ee
- values - 0'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

- values. For example, if the 16=bit number 20 occurs exactly 15 times in
-the input array; - the contents of the 20th element of the output array*’
.?must be 15.~ : e g g




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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T : e ; o S ‘LJ
,,‘Boxes l and 4 -are for 1n1t1a11zatlon and hence, executed once. Boxes
-2 and 3 are used to zero the output array &nd are executed once per ..

“‘output entry of 100 times. Boxes 5 chrough 10 are’ entered once per;wj L

input entry, 1, 000 tines total._ T e R T ; T

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

..... Y o

"'TS;f Decimal to Blnary Convcreion'fiz

:ZfThe obJectlve of this test was to deLermlpe how the machlnes perforwedfaw
- “in this rather common application. The. problem also tests character '
.. manipulation and the abillty to do- spec1allzed multipllcatlon using.
':shlfts and adds.-‘ : RS : Sl S

"iThe input is a five character array and Lhe output is an unsrgned~;g
i_integer lesg than 32768, .On the- PDP~8 ~the routine was written: for a’
12ubit operation, but the~cyc1e counts were multiplied by lﬁx

T'he flow cha;rt is: B

GET DItIT
0f“} f‘ t_..)
/N TO J‘

the 1nput character array g
is an index to the input characters : B L e
“is a temporary storage locaulon for each blnary diglt“.i'f,,*
kis the binary result e R ; ‘ R




f?;ch:rts. The number of machine cyclum cov:cspondlnq to each box Do
.. was counted., This number was then multlpllud by the corresponulng
. box frequency, which appears with the box number on the flow charts.

- average cycle counts by the cycle time. This is assumed to be
=15 microgeconds for the P?D~u, 3.0 for the PDP-11B, 1.0 Lor the

i7fby assuming that every 1nptruct10n took 2 cycles except for IMP

’ Proceﬁur

e After the oroblems had been COdLQs we. count od thc number of bitv’ o
1yland ¢cycles used, The bit count involved a tally of the 1nstruct10n

S ~words and storage for constant data, iTeﬁporary storage was not
 tallied, as it could be shared amoryroutines or was contained 1n. 
.gfgeneral registers. The woxrd count was ulmhly multlplied by the
“m word length to get the ploqram bi# oouﬂt.,;; :

'75Each program was part1t10ﬁbd as upb01fiad by the noxev in the’f1ow

g?&Tnese products were then added Loggthar 101 each program, giving
f;¢the cycle tgtal for the probiem.___ 4 '

"lwiime fiqures for each comnntar ware camouupﬁ Dy multlplying the

7 PDP-11A and 2.6 for. the NOVA, - The times for the .latter were compdtéd’

. and. JSQ which tookx 1.

';II::. f

Reaults __3“

,;fThe followmng tabla/summargzes“the
agfproblem:‘ g, B '

© poeeua

average
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£ he PDP~P and Lhe NOVA bQ h bhve thh. laﬂxllby of no byte handling
© instructions. Subroutines to load and store bytes were coded and
. called when relevant, but thﬂ blu count for these is ‘not ;ncluded .
~(assuming that the routines , Hared over a large number of '
5,program5) e : - R

_:The numoer of blLS uspd by‘ he PDD~8 erLca from 1oA more than the "
- PDP-11 for the. niotogran example to 75% more in the tolerance check
_ The NOVA performed fairly well in this area for 16 bit arltnmctlc;'
but very poorly for chdraccer manxnulacxon 5= even though a sub~ ;
*;routlne call was used._

. App@nd1x B eontains a detailed llstlwq of the cycle counts for
each problem on the three computers. The table for each problem
~has one row for each box on the flow chart. The number oF times
. that box is e/ecuted i& given in the frequency column, Then for
~ each computer, the number of cveles to execute thé box and the
..cycle total is given. The cycle totals are added .together to form_
- a grand total of memory cycles for oach comﬁutex. A summary of g

t'hese i.aS : .

PDP~11A_




;QComparlson of PDD—ll PDD

‘The time row above was computed by nulilﬂlyang the avarage cycles‘
by the memory cycle time. As was mentioned before, the NOVA
o times were simplified by agsuning all ingtructions took 2 memory
Ceycles except JMP and JSR which took m.v~Thm NOVA cycle is

-~ assumed to be 2.6 microseconds. The superiority of the PDP-11a is
“quite startling and it is amgnlLiCanL that the PDP-11B eages out
f'both Lhc PDP 8 and the NOVA. : ’
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,,;EXANPQ* 1A B
Lok MOVE CHA{AC”ERS AND EDL“
% . PDP-11
 START LDW,I A
L BTW,M Mﬁ AR
o LDW,I B-1
S Yeo.oosPW,M M.
Q2 LDW,I  ~N
o osTW,M - M2
. LDB,LD Mg
| 1

: .‘: Q8

Q1.
M2

f@m@@@uwwppgag

MENDL
MENDR ;”"




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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e

e 1k R
CB

N~
8

EXAMPLE2C .
% . MULTIPLY .
* " . PDP-8 = - ¢
yev g

QAR
- N :

XL
STl
o XRo
oMPY

-

Flo w » % [fu @ w w

WHRWWIRHE N W
‘zdwwz

"/ EXAMPLE . 2A,B
~ MULTIPLY -
% PDP-11
~MPY CLA
% sw,M Mg
LDW,XD. (1) ,
STW,M M1l 5
LB, I 2
oM2

NOUNCNVERRO S AL AAAD W@ W0 NN
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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
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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
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