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The ,f()11c)~tl1.ng table S'hovlS the numher 0:;: bits n$~d" to ~I)C.Q~e. 
each of the fivo problelCls on "c,ne 12 in struct iol"'.L sets: 

" . 

1. 2 3 .1 .? 
1')P~·-117\. 2£10 280 240 320 200 
l'DP-JJ.B 280 280 2110 320 200 
pop ... ·e 468 432 420 376 256 
NOVA 640 272 320 400 368 
~1201 752 488 632 496 320 
620:r. 1130 496 780 896 440 2nn 1040 384 576 656 340 
:1:3 IN'l') 864 1100 1200 70·21' 512'-
:r:':i r~')(I:r' ) 784 6-10 688 6,::0 3'84'" 

"POlr-X 576 ' 36f3 432 448 304 
SPC-l~~ 824 1030 1/):20 752 34·4. 
li'DC-008 664 1080 1320 728 632 

;r";' 
,r }rl('ialj.zin~r this to 100 for t:.he PD? .. ·11, 'V16 cJe'c, : 

1. £ 3 .4 ,5 ave -. -
PD1'-J,lA 100 100 100 100 100, lOq 
Pl)P ... llE 100 lOO 100 100 100 100." 
l-'Op· .. 8 167 160 175 118 128 150' 
NO Vi\. 229 97 133 125 184 1511:, 
520:C 269 171 264 155 160 203, . 
620:( 404- 17'"1 ~~26 280 220 281 
211(1l\. 372 137 2/70, 206 170 225 
1.3 (Ir':Vl\ ) 309 393 .506' '245 256 340 -
!3 (gX':r) 280 229 287 200 192 237 
}:rDl?-X 206 131 lBO l~O 152 161 
Sl';>(1-12 295 368 592 235 172 332~ 
PDC·,,,808 237 ,386 550 228 316 343. 

'rhe avorngc over thc;! f:i.ve probl<::m~s for cael1 machine appears in 
thn l:j.<;Jht. h'.tnd COl'UIIITl. It is vO;.:y si.gni.fic(:~i1t to notice t:he, 
cii:Ffo):"encEH1 bct.vlee~l machine S II Some l"llachi:(l(! S (Interdata Interna,l, 
SPC-l/', PDC-808)aci.:.'llally use mox:c t:'han t.h::ee times as many 'bits 
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to CHicodo a proble';n thun t.he b(;:st: machine in this category" 

rrhe number of muchine cycles; to execut:.c, c~ch problem was also 
tallied. These results 'tvere: 

1- .&. 

];·OP ... l11A 4260 149 
POP-ll.B 8210 297 
I'liP-8 S0500:,i 313 
NOVi\ 31200 135 
520:( 35200 260 
(;201 43100 451 
/'11.1}'~ 17400 14·9 
13 (XU'.£' ) 18200 294 
1:3 (Fvt'~ ) 

I'>"'~ "" ~ '-1000 500 
i:)D'f'),; ... X 11400 188 
SP(~-12 32200 843 
PDC-OOe 27000 979 

" 

h~d'~:\1 
• I 

normalizillg' to a 100 for 

! .a 
pnr1 

..... l.JA 100 100 
PDI)-llB 193 199 
POI'-B 11.90 '210 
HOVl\. 734 91 
5201- 1210 175 
62C)I 1010 303 
2114~ 409 100 
13 ( J:NT) 428 195 
I.3 . (rr·l'fr. ) 

4,.,,~ .. "a 494 :·136 
PDl"··:X 269 126 
SPC· .. J.:>' 760 567 
PDC-H08 635 656 

" . . , 
.'" 

3 4: 
~ 

~ 

121.0 12400, 49 
2220 20600 9:8 
2640 21600 199 
1530 16600 1.90' 
4880 40000 218 
2260 51$00 190 
1750 33800 133 
4080 32700 125 
2:')60 40500 102 
1320 16500 95 

10500 57~OO 196 
12000 63700 529 

t.he ~)D1?-llt'i'1 ,\-le· get: 

3 :'k .§. 

100 100 100 
)182 166 200 
218 174 404 
127 134 388 
40~ 322 446 
187 418 388 
14·5 272 272 
337 264 256 
212 326 208 
109 133 173 
869 462 400 
992 514 1080 

" 

, , 
"II, • 

ave .... -~ 
100 
1.a8 
~'3:9 

294,; 
511 
461 
2~9 
296 
315 
161 
611 
775 

,J. V 0 ,~:,t(!lCl't;' 
,,'3'.0 '5S~,: 

1. 5 65i~;<;' 
2.6 ]'16'4;, 
1 (; 5" >7'6tl/ >: 
1 0 LiS'l,;', 

"2 : 0 ~i1..'f;;'1:;~ 
3.0' ag7""~ 

, '1 • 8 5,srt,,> 
1.0 16'i{?; 
2 11 4 1460;"~ 
8" 0 '61901:\~1 

'llErnmlb(!.H." of cyc1ef:.l for e~ch rnaC~1.1:ne "1;'4~i a.ve:;:C:lged in the colurnn 
hO(J.c1eo 'l avo)" , rr'he no>:t CO 1 l.JcnA ' .. ,( I..~j:';;) (:\.,n1tc~ins t:hecyc1e t:tme, for 
t.h(~ li\?lCh~Lnc. Finally, the riS/h'::' hand CCll'Cl.ran gives t.he.normal:tr~od 
C;i.VG'!3:aqec1 f3pood. for .the five pro))lems on c;;::"ch rti.ach1.ne (I A~aj .. n}t.:rlej:e 
:LB at.:ccli('\c!ncloU8 sprea.cl.. Trl(~ fclCJC th;:~t. t.he PDp·-ll \"lins i sC') st.r..~'ol1s.ily 

~.n b(')t~,h 8P€IE~d and mcniory econorl1Y, cOtlplE".! ~"i'ch it.s loW' price " clearly 
:i.nc'liCtlte 0 that the product haG unlimit.ed pot.ential. 

~,n'\IO::C ;:;0 of "che b:i.t arlq,Sp~eq 
S:I"hG plo·t s for both sp,:;;ed c.~l1d 



'~\'f\: b 
~:"f\ -.' ,"N (; ... 

j' (') .,.". '.' . I 
i 
I 

... f ..... 

~ 

i. (j-.! (:~~ 

i;' .. ' ... ·.·)·'i):Y) 

page~·~4< . ..;... 
11 J'ax). ufl,try' · ... 1969/\);C·· 



, 
HCiW Good, is tho- p:OP-ll? 

I ' ' 

AffJ C;\ finc:\), rating' ,\ITO G~vc~i·~·~\Jq,~:l t,hc! C~£J~c~J., <t;\1i'ch 
oount~, :1.n(j each equC\ 1ly v 'rhe ':co :?lll't:. s st:>(~aJ.<: 

<;to ... 

o .L 

11 



TO: Distribution 

'I. 'Introduction 

When the PDP-11 instruction set design was comple"ted, a';'nurobe']:; of, 
, people asked how_ it compared with "other computers. To get the, 
answer, it \t-las decided t9 compare typical small computer problems" 

,on the ,P1)P~ll, PDP-8 and the NOVA.' Five examples wer'e ~hosen -, ' 
'osome charact~r oriented and some arithmetic. Eachproblemwas 

" coded for the three computers., 'Instruction ,bits and execution 
,cycles were counted. , The resul,ts 'of the'se' counts t'l1ere used to 
ev.aluate the performance of the various 'ins·truction sets. 

·,";'.t ' 

, , , ':"\ 
,The PDP-l1 turned out to be besJcbo"ch' 'in speed and memory 
Specifically:, ,'! " 

'.,,--th~' PDP-8 used 50%'more"th'an t;he PDP-11 
~"';the,NOVA used 54% more instruction 'bits ,that the PDP-11 
,~/'~-the PDP-llA runs the exampleproblenB 6 times faster than 

the PDP-8 ,";'.' ":~ ',' ", " ' J 

,', -·...;the :PDP-11A ~ihns the·.Fpr~blem~' 7 times' faster, than ,the 
,;.--the PDp':"11B is 20% faster than the 1'DP-8 ' 

-:"'the PDP-8'is 15% faster than the NOVA 

\~~. ", The study' procedure which ,we follow'ed, is defined. in 
\'~~ The results ,pf the study are given in Se,ction III." 
,\cont~in~_the~ctua~ . code which, we~.ene~at~d ~orthe 

11/ " Data Gathering 

This sec~'ion discusses' the~~Gs'c apr~~~ica;tions in 
describ~r~he, evaluation p:'j"bc,~a.u(e.,~~oC 

Section II. 
Appendix A , 
t~st problems. 

A.' 'iApplicattons ' 
! ' " 

We used fi~~ 'test problems. Two were principally cbaracter'or'iel1t:'~~ "r;~ 
'and two arithmetic. An~ther ,operated on both 8-bit and'16-bit data., I 
Two of the routines were ,requir~d to be It subroutinized", in that they! 
pi,cke~:}lp arguments from a calling rou-cine' and restor:ed values. ' ;. , 



PDP-II, ,'C' '" _ page 2 - ~, 

.,.:1l_Jim;arY: .. ~~69~r:, . 
" , 

J"':,' ' 

"" ,'This problem test~d the abili~cy of 't~le ln~chine, to move 'characters :!1> 
. (8-hi ts) from one memory block to another. It, also made use ,of array I 

indices - which had ranges of less than 256. 'and also which had ranges ! . 

g,reater than 256. The abi Ii ty Of .. the machine to br~nch on c.,haracter I . 
. matche s was also important. "'), 

"lo:' ' 
I" 

The input characters were broken down in:to a'variable number of lines , [ 
and termi.nated with 'a special end of ,record character. Each line was 
of variable leng-ch; terminat.~dby a special end of line character. 

,The output charq,cter arl;"ay was the same as the 'inptit, -,except: tha't the 
lines were edited "to a fixed' length. The end ofline~ end of record 
characters were removed, as well asallembeddadblanks. The indivi..;. 
.duallines were blank' filled OJ:1 the right to make them ,all the same, lengtr 
(the output, line length \<7as greater than the number of nonblank ',' 
characte'rs in each input line r. ' 

,-An example, of the operation of this 
j' ',' 

OuTPur' 
"~ -,' 



is the input array 
is the output ch,arac"ter array 
is an index to the input 
is an index to. the output 

K counts the number of characters in an 
X·· holds the current input character . 

. ,', .L~ iEL the {variable )~nUm'ber of'c'h?l.ract~rs 
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l Comparison"",qf PDP-ll, PDP-8 
"');., 

.' - . - '-1 
Notice' that the boxes in the'·fiow chart are numbered~ .' .The number. of .:: 

. times' each box is executed is given by the assoicated nUraber in," ':. I; , 
, parenthesis. ' ',::/ 

"We assumed' that there' were' 10 input lines of' 30 characters each, 20 :i· 
of which were nonblank'. The out.put line length was ,100.. Bo~ 1 is .1. 

" . < I 

executed once for initialization. Boxes 2, 10 and +1' are entered 10 ~ I:; 
times - once for each line. Boxes'3, 4, 5 and 7 are executed for each) 
i~putcharacter - in our'exampi~ 300 or 30 per line •. Box 6 is executec1 
for only the nonblank characters -thus 200 times or 20 times· per line 

,.Boxes Sand 9 are used to fill the' input lines with blanks. :This.. . 
:.occurs 70 times per line' f'or a total of 700 .in theL:problem .. 

, '. .' ~. 

2 • 

. This .problem· had a numb~r ()f objectives"- testing t'he ability of t:he 
machine to. set up subroutine linkage,to sense bit configurations and 

. branch conditionally and to easily shift double W9rds. The test is 
also important because the nlultiply operat.ion is conunonly used. . 

~ . , . . . 

The, program first picked upt't-lO 16-bit operands' from the calling' program: •. ' 
These were multipliea·together by the usual shifting and adding method. ' 
Tl'e32-bit result was re"curned to the . calling program. The routine 

:':;'operated only on unsigned integers e' . 



,The flow 

i' 
i·,· 
X is ., 

;'f: is 
".B is 
",.1 is 

N 

a double word to hold. 
one of the ope·rands 
the other operand 
an index to the number of bits 
the number of bits in"each 



fnput. 

The 'obje'ctive of this prob,lern is 'to 'test arithmet'ic "compari'son capa­
bilitie.sand the ease in which the 'machine can index through an array' 

"of 16-bit quar:ttities. Subroutine linkage was also co~sidered in that the 
calling sequence to this problem was more complicated than that to:the' 
multiply subrou t~ne. " ,'. ' . ' 

'~The . program picked up an array' addre'ss I the count of,.the number of elements 
,in the ,array and two tolerance' limits from the 'calling program. It indexed 

through the arraY,checking each element against the low and high limits. 
'If all ,elements were within tole,rance, the program returned an output 

, val ... ue of zero to the caller. If any were out of tolerance, the index 
'. in' the array of the offender was returned. L •. ' ':";" 



PDP-8 

" 

;'1 
, f 

, " 
r 

, ,. 
,wher'e !k is an index to the number elements in 

N' is'the number of elements in the, array, 
"A is the array of ntunbers 

, , 
",,' '.X is the low .limit 

" 

'y 'is the high limit 
"':;K is the return argument 

: 



PDP-II, 

It 'tests the ability of the machine to randomly 
. arrays and to increment 16~bit Jnem6~y, integers ~ 

" 

;/~ .... \.::,,' :::';";,:; . :, :':.: ::,:~, ,,"'. .', < 

~ :,~. ':,,' ,; 

The ingut. is, an array of i, 000 16-bitriiititbers, 'with vallles 
range of' 1 th~ugh 100. The program must contain code to' ignore oth~r 
values -O'or 104'through 256. The -output is a memory array of 100 16-bit 
numbers. These contain the counts of occurences 0 f the 100. possible input,. 
values. For example" if the 16'~bi t number 20 o'ccurs exactly 15 times in 
·the'input array, the contents of the 20th element of the output array 
must be 15. 



'Comparison of 

"'where 

, .,~~~ 

flow·c~51rt 

the input: d.li:a array 
the" output hist:ogram array 
an inaex through t.he output a;;ray 
an'1ndex'through.the.input, array 



·Comparison ~'6f ,,,PDP-II, PDP-8' and the NOVA 
. '.' : , .. '~'" '-

-.... page 10 l ... 
::.:.~~.}~,.,a:an,u~J.iY 19(59(~C. 

'.... . '~'" '. .,'..... . . '. '. . " '> '.i... .:' 
.. / ...... ,.,.- ;. 

:eo~es l. and. 4 'are for in'itializatio'ri and hence, executed once" "Boxes;': 
'·2 and 3 are used to zero' the putput array and are executed once per 

. output entry of 100 times. Boxes 5 through 10 are' entered once per" 
; ;' .. input entry, 1,000 t.imes total. 

5. o.ecfmal to Binary Conversion 

The ob jectiveof this test. ,-lei'sto'determine how the machines performed 
'1n thd.;s rather common application. The. problem also tests character 
manipulation and the abi~ity to do' specialized multiplication using, . 
shifts and adds. ' 

'The' input ls'a five character array and the output is an unsigned 
integer less than 32768 •. On the ~DP-8,the routine was written for 

. l2-b:i:toper-~t:ioR, .butt'he cycle~o\lnt multiplieC!:by 16,., 
~ '. '. 

The·flow chart is& 

where" A~ is 
I is 
J'is 

.' K is 
, . 



.l comp'ariso~"Of PDP-ll,. 
. .' . '<..., 

After t;he oroblems had been code'd, vle.· coun"ted 
an~ ciycles~used. The bit count involved a tally 'of the instiuction 
v70rds and storage for cons'tant "da·ta •. ' 'IIl.;:'!mpora.ry S,torage 't-7as not.,' 
tallied, as it could be snared arnOl'TJ :cout:ines or waG' .containe"*d in" 
general. regist~rs.' The word count war.; simply mul:tiplied by the . 
word length t.O get' the progran1 bit count.,'. ' . , . 

Each prograra '\-las par:otitioned' as specifi(~d 'by the boxes in . 
charts " The nu.mber of .machine cycles corresponding ,to each bo>: 
~1as cou.nted. This number \Vas tl1f'~n multiplied by the cQrresponding '. 
box frequency, lflhich appears with' the box'number on 'the flow. charts ~ 
These products were then add\~d together for each progranl , giving 

. the cycle t~tal for t1'\eproblem.·· , . 
- .. ' ' ", 

Titnef.~·g~e~ for ~ach' cOmptlter' \Oler~ comput.ed. by mUltiplying. the 
average cycle counts by the cycle time.. ':r'his. is .assumed to be 
1.5 microseconds for thePDP-8, 3.0 for the PDP-lIB, 1.0 for the 

. ':PDP-llA'and 2.6 for. the NOVA~ . The t:irnes'forthe .latter 't-7ere comput.ed . 
'. by' assuming that' every ins·truc'Cion 2 cycles except. for JMP ' .. , 
.. and JSR.which took 1. ' 

..... , ':tt'he followir::tg 
p:r;oblem,= 

1 
. 2-
·3\ 
< 4··· ". 5' 

, '. 

average 



" Comparison ·bf.l?DP-ll, 

the. NOVA both haJe -the" li.ab:tl:L-ty of no 
instructions.' Subroutines to load anq.store bytes ~lere coded 

. called ",Then relevant., bu.1c the bit cou.nt for t.hese is not incluCleQ 
·(assuming that the routines are 'sh~lred over a large nu.rnberof 
programs} , ., ' , 

The n,~unber of 1:~its used ,by t.he PDP-8 var:Led from 18% more than the 
PDP .... ll for the, his·to~lram ,example to T5C:~' mort:-! in the tolerance checj<~ 
't'he NOVA performed fa:i.rlY'~.Jell in tl1is area for 16 bit arithmetic, ;. 

, but vE~ry poor'J.y for charact€~r ro.anip'llla'cions - eyen'though a ' 
. rou'cine call '\>ias used·.' .' , 

Ap?~nd:tx B i~onta:i.ns a . 
'. each problem on the three comp1.it.er s " The· table 

has. one rO'('·l for each box on the flovl chart I, The number of times' 
that ,box is execu'ted is given in t:he frequency column.' 
each computer, the number of cycles to 'e:.t.ecute the box and the 
cycle total is given.' The cycle totcU.8 are added to form 

, a grand total of memory cyclE;s for each of . 
these is:: ' 

_Frob 

1 
,'2 
3 

4,~60 
;;/149 

1210. 
12400 

49 

:Normalized to the PDP-llA., 

\ 

'i. 6;,' ,,' 
.3\~,;, 

.100" 
·100 
·100 
100 

':'·'~DP-l1B" . 

···,,'~'1;:,;,i~~ • 
182· 

. ;166 
200 



: ... ., '. 

cornpariso~~'qf,' PDP~ll ~ 
, , " ,; 

The' time rOt-l above t-las :c~mpu·ted rm..11t:.iplY:tng the ~v~age 'cycle~ 
, by the memory cycle tim<$ (I As was ment:i..oned before, the NOVA '._ 

ti.mes ltlere simplified 1:)y assu.ming' all, inst:ruc'cions took 2' n1ernory " 
cycles except JtllP and J,SH 'Vlhich took 1. rrh'3 NOVA cycle is' . 

,assumed to be 2. 6 roicr086c()nc1£-~. .~rhe :supe:ciorit.yof th(~ PDP-IIA :l.s', 
qu.ite startling and it iss'ignifican't~ -that the PDP,"':'11Bedge's out 
both t.he POP-S.and the NOVA. . 
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'If 

* 
* 
S.TART. 

Q2 . 

03 

Q7 

. Q8 
09 

,." ! 

. E:Xl~11PL~ 1A " B 
tl0VE CHA.RAC'rERS 
PDP .... II . . 
LD\,'.J, I A' 
ST~'1,M ~1% 
LDW,I B-1 
S';[''''1, M M 1 
I,U'fl, I -N 
S'rvl,rv'l M2 
LOB,LO n¢ 
CPB,I l' 
.. TEQ . Q8 

:JL'l' , 'Q7 
INC,~l M2 
,STB~.r.1D M1 
It--1C,M. MPJ 
JMP '. Q3· 
eu'\. 
STB,l'c1D 
INC,M 
JNE 
LDl3,MD 
CPB,I 
JNE 

. .' E){1.\r1PLE . 1. C 
"NOVE C.HL~Rli.CTERS 

PDP-8 . 
CLA 
DC.?\. .' 



, " 
", 

P,l, 

STC 

P3 

ML 
MR 

" AND 
1SZ' 
JMPI· 
91 
DCA 
TADI 
DC,(.\. 
TAD I 
CLL RAR 
ISZ 
TAEJ1I 

"DCA 
SNL 
'JMP 
eLL 
TAD 
RTL 
RTt. 
RTL 
'DCA 
TADI 
AND 
TAD' 

. DCAl 
lSZ 

':'JMl?I 
TADI' 
AND 
JMP' 

Tl 
STC 
T2 
T2 " 

STC 
'STC 
T2 

P2 

T1 
T2 
MR 
Tl 
-T2 
'·STC 

STC 
1.'2 
ML 
P3, 
7-

'EXAMPLE 10 "'..1 
MOVE CP..ARACTERS AND EDI1 : 
NOVA • 
SUB "y1,¢, 

, S'rA 'J 
. INC ¢j¢ 

STA I' 
LDA KP "., -

STA K, 
LDA :~L~MDR 
LDA. . 2,1 
JSR . LDC 
LDA ',' :3,ENDL " 
SDBN yJ,3,SNR. ,', 

. ,"Jl-1P 08 " 

DSZ 
LDA" 
LDA 

'JSR 
ISZ 
JMP 

'SUB 
ISZ 
LDA 
LDA 
JSR 
DSZ. 
JMP 
1SZ 
LDA 
LDA 
JSR 
LDA 
SUBN 
JMP 

NOVZR 
ADD 
LDA, 

, MOV 

',O,O,SNR 
'Q7 
J 
K 
1,BADR 
2,J 
STC 
I 
Q3 
¢,¢ 
J 
1,BADR 
2,J t, 

.STC 
K 
Q9 
,+ 
1,AADR' 
2,1 
LDC 
3,ENDR 
,0' , 3 , SZR " 
02 -

-A 
B 
1 
2 

N 
"2,2 
.1,2 
It I (2) 

, ¢,¢,SZC 
¢,¢ 
1,MR 

MOVS 
LDA 
AND 
JMP 

, 1,¢ 
-,.d 3 

PI ~ 

, " 

.1" 

.; .. 1 
1 
1-
2 

.2 
3,:: 
3, 
3 

,4 '. 
4-, 

->-4 
'5 
:,S' 

0< <;:'6, 
6 
6 
6 
6 

"'7.· 
.· .. 7,: 

8 - '" 
-9", -. 

'9 
9 
9 

.,9 '.1 

9 
1¢ 
11 
11 
,'II 
11 
I1~I, 



". 

\. 

; 

.. Comparison of 
., .. 

STC, ,STA ' . 
. " :. MOVZR 

. ':"ADD 

LDA 
. MOV 

JIvlP 
LDA 

1'2 AND 
ADD 
-STA 
JMPI 

'Pl MOVS 
LDA 
JMP' , 

3,RTN 
': 2,2 
1,2 . 
1,(2) 
¢,J~iSZC 
PI 
3~ML 
31 ", , , 

fl.l 
, 1,('2) 
'RTN" 

, yf,¢ 
3,MR 
P2 
1774¢91 

" 377 

* EXAMPLE " 2A, B 
."" MULTIPLY' 

* PDP-11 
MPY CLA 

YC;," " STW,M M¢ 
Lortl,XD., ( 1) 
STW,M M1,;I, , 
LDB,I 2f{ 
STW,M M2 

,02 LDW,M M1 . , 

(. RAR " 

JLR Q4+1 
LDW,M' M[if 
ADW,'X 2(~1) 

" STW,M M¢ 
'04 :eLL 

, " :,.,:~, LDW,M 
!tAR. 

M¢ 

.. ~T~,M M¢ 
,~ tLDW,M M1 

, ". 
'/RAR, 

: ',';';, STW,M M1 
",DE',e,M M2 
;:JNE, Q2 

'~:.' ';'., LDW , X 4(1) 
STW,M 'M2 
LDW,M M¢ 
STW,MD M2 

" LD'N,M 1v11 
STW,MD M2 
JMP 6(1) 

, , '" ..... -.-..- ... ~ 

. ' . 

·:EXAMPLE2C 
',MULTIPLY 
; PDP-8 ' 

¢ 
DCA 

.' 

XL'~ 
, MPY 

• 'T'l' 
Tl, 
XR. 
l-1PY 
MPY 



, .. 
. C~mparis()n' qf PDI?-ll, . 

'* 
* 
MPY 

*. '. 
TO~ .. 

'-
02 

2:1' : 

Q7 

. ... ~. 

' .. EXAMPLE eo 

.:, 

, MULT;LPLY 
NOVA 
LDA 
STA 
LDAI 
LDAI 
SUB 
HOVRtl 

. ADD 
MOVZR 
MOVR 
ISZ 
II"lP 
LDA 
'S':rA 

.' STAl t 

STAI 

JMf 

EXAMPLE 

yi,M16 
¢,I 
1,(3) 
2,1 (3) 

.¢,¢ 
l,p.!, SZC 
B,yj 
¢,¢ 
1,1 
I 
02 

, 2,2(3) 
2,AUT¢ 
[J,Aur¢ 
1,AUT¢ 
3, (3) 
-2¢ 

3A,B 
TOLERANCE CHBCK 

-'PDP-II 
LDW,XU" ( 1) 
~EG 
STW,M M¢. 
LDW'eX . 2(1) 

.STW,M Ml 
LDW,MD Ml 
CP:t'1"XD 4(1) 
J~T 07 
CPW,XD 6 (1) 
JdT" . 07 
I;;C,M' . M¢. 
.JNE Q2 
CIA 
STW,XD' 1y!( 1) 

.' JMP 12(1) 
LDW,M My! 
ADW.,X ( 1) 

" 

INA 
JMP Zl 

1 
.1 : 

1 
1 
1 :. 
2: 
3 
4 ..... 

,,4' 
.... ; .... >~ 5 
,:,}:,.::".::·"S 

"yJ' 
¢ 
f1 
{t 
¢ 

.. <;,~ 
·:4 
'-4 

··S 
5 
6 

.,'6' 
6 
7 
7 
7 
7 

'IP . 
AUTy! 

:··MDR 
,AUT(j! 
. XADR 

.;~. A UTf2{ . 
'YADR 
AUT¢ 
KADR 



Cornp~rison of PI?P-ll, 

'It.' 

'* 
'* 

EXAMPLE' 3D 
• TOLERANCE CHECK, 

NOVA 
TO,L . LDA! ~i(3) 

! 

~ " . . 
STA 
LOA. 
STA " 

.. ' LDA! 
LOA I 
LOA 

. 'STA ." 

91,1 (3') . 
¢,AUT¢ 
1,2(3) 
2,3 (3). 

. 91 ,1<1 
91,4(3) 

.' 02 LOAI 
SUBNZ. 
Jl'lP " I 

AUT¢ . 

" 

* 
* 
* 
START 

05 
" ' 

SU:a.NZ 
.'JMP t 

ISZI 
DSZ 

. JMP 
SUB 
STAI 
JMP 

I,¢,SZC '. 
07 ' 
¢,2,SZC 
07 
4(3) 
'! 
. Q2 
'9f,y1 
Y",4(3) 
5(3) 

'.1 

.. 

. EXAMPLE4A,B j.f 
, HISTOGRAM ' . 

PDP-II 
LON,! B 
ST~'J,M M¢ 
LDB,l, I¢¢ 

, STW,M" Ml 
,CLA 
. STW,r1D M¢. 

DEC,M" M1 
JNE Q2 

.~:~ .~r! .. 
L1pW,I 1¢%¢ 
Sr:eW,M Ml 

.' rpW,I. B-1 
STW,L X¢' 
LD~l J MD . M9f 

,JLB, ,Q1% 
.. CPW, I . 191ft 
~. JGT· OlW 

STB,R .+2 
INC,X 9f{¢) 
DEC,M. 'Ml ' 
JNE, . 'Q5 

1 
(1 

, . '1 

1 
l' 

'I 
1 

',1 
,3 
3 

"3 
4; 

'4 
5 

.5 
5 

,6 
. ',.6 

6 

4' '." 
4 

:4 
4' 

',·4 
~4 

6 
:',7 ," 

S ,~. 

8 
9 ::, 

, "9 ' . 
lyi 
1¢ 

, - pagela -
11 Januar:y 1969~JC 

EXAMPLE4C. 
HISTOGRAM. 
PDP":'S I 

CLA 
TAD 

,DCA 
TAD 

,DCA 
DCAl' 
ISZ 
JMP 

, TAD' 
DCA'.' 
TAD 
DCA 
TAD:f' 
CIA 
SNA 

, JMP 
, CIA' 

TAD" 
S!-'L:'\", " 

J~1P 
~TAD, 
'DCA 
ISZI 
ISZ 

,'JMP 

. BADR" 
; AUT¢ 

Ml¢yf. 
I· " 
AUT¢ 
I 
02 

. "M1rt¢¢ 
J 
AADR 

" AUT¢ 
, '~UT)?f" 

0191 
BP 
T1 
Tl 

. J .. : 

Q5 
A 
B 
.B+144 

. :-144 
· .... 145 

.... 175¢ 



~ c..:<:n'niDa.:ci son ""of PDJ?-ll, PDP-8 
~ '.. . 

-
." EXA~lPLE' 4D 

'* HISTOGR..,\M 
-It ·NOVA· 

. START . LOA. , yJ,MDR 
STW ¢,AUT¢ 
LD?\. ¢,Ml%¢' 

; ,SUB l,l, 
Q2' .STAI I,AUT¢ 

INC ¢,yJ,SZR 
.JMP 02 
LOA ¢,AADR 
STA ~,AUT¢ 
LDA I,Pl¢¢ 
LOA {iJ,BADR 
LDA 3,Ml9i¢rJ. 

05. LDA! 2,AUT¢~'; '; 
NEGZN 2.,2,SNC 
..1MP 0111 
NEGZN 2,,1,SZC 
JMP Q1¢ 
ADD ¢,,2 
ISZ ( 2) 

,'Qifl " INC ~,3,SZR 
.JMP Q5 

AADR A 
. "BADR B-1 

Pl¢¢ 144 
, Ml¢¢~ , -175¢ 
, .'.~ 

'. ;,EiCAMPLE SA,B 
. DE01mL TO BINARY' 
PDP-II 

, 'START - LDW, I·. A 
,STW,M M~ 
LP)3,I. - 6 

" 
STW.,M Ml. 

.: 'CIA 
_. ·".-.ST'il, M M2 

LQyr,M M2 
cnt· 
AAL 

" I 

':RAL 

r;tD~ 'M' n, IVV, M2. 
-ADW,MM2 
STW,M' M2 

:,:·LDW,14D My! 
,,- ANB,I +7. 

ADv'l,M M2 
'STvl,M M2 . ' DEC,M ';.Ml 

JNE Q2 

" . 

,EXAMPLE 5C' 
DEC:rM.~L" TO 
PDP-8 ~. 

, TAD " M6. 
DCA IP' 

. " DC.~ t·· '. 
DCA. K 
TAD K' 
eLL RTL', 

, RAL 
'TAD 

EXAMPLE~ 5D 
, DECIMAL, TO BINARY 

NOVA' 
SUB 

'" STA, 
STA 
LoA 

"STA 
LDA 
LDA 
JSR 
LDA 

':A~:rD 

LDA' 
MOVZL 

.' MOVZL 
'. MOVZ,L 

ADD 
ADD· 

¢,i) .' 
¢ ,I<., 
'9f,I 

'¢,P6 
¢,IP 

, 1,AA.DR 
2,): 

, . LDC 
I,MSK' 
li'tH.a·~,:~· . 
.... j. 

I,K. 
1,1 
1,2' 

,2,2 
1,2 
91,2.' 
2';K 
I. 
IP 

.Q2 
A. 
6 

'17 

'< 1 
I, 

,'I. 
,.1 
'4 
4 
4 
4 
4 
4 

.. ·.3 

. .... ;\j~ 
')·i,';':':3. 

;:'.'::4< 

'.4 
.4 
'4 
'4' 

: ~'1 
,'1 
, 1-
I, 

, ,'l 
'3 
'3 ' 

3, 
,;'3' 
3· 

.4 
:,·4: 
'4 

4 
", '4' .. 
-4', 
,"4-
,4' 
4. 

;4· 



9 

_:..-,·t ",'_ :' 

·1. .. 0 
,.,.~"" 

-. 1 ~·~;'-4· ... ~4 

10 '. 
·.··300· '. 

300 
300 
200·' 
300 

. 700 
700 

10 
10 

o 
8 
4~ 

2 
4 
2 

:,'. 3 

PDP-S.' 

.0 
8 

40' 
600 

1200 
600 
600 
900 
700 

;'3500 
20 

---1Q . 
8208 

£E. 

0 
5 
4· 

23 
6 
4 

43,' 

~ 
44 

2 
',- 21 

21' 
. 23 

,5 . 
~ '. 7 

160 ' ,- 12 
r' 297'.~'.'·"·.:. ';' ,:f::" 

tot 

Q' 
5 

40 '. 6900 
1800 

'·1200 
8600 

9°8 .. 
80800 

20 . 
210' 

$0475 . 

21 
23 

'.' 21 
;.,56, 

·.··'192 
'., ;'}":"-}: . 313 

.... : 
. -

NOVA" 

£!:. 
o· 
8 
4 

13 
5 
3 

2,4 
~'" 

25 
2 

·19 

·11 
12. 

, " 2 
'2 

.• '_. - ."', ~ 

0: 
8 

40 
3900 
1500 

900 
4800' 

148-8 
' 17500 

20 

11 
12 ',~: 

32 
" 16 
",64 
,135 "'" 

\ 

c 
(! 

S 
to . PJ c 

~.t1 
1-" 
CIl 

I 0 ::s ::s 
OJ 
~·o 
X' til 

tJjtTJ . 1:1 
'V 

1:11 
CD 'r-' 
r'rr-' 
1-'." 
PJ 
1-''1:1 
CD t:J 
0. to 

I nco .< 
() PJ 

. t-' ::1 
(l) OJ 



"'PDP-llA . 'PDP-lIB' \. 
-~_"",. __ • _. __ • ,_. _~_~_..;._.~,._:.",_~. ,_ ... _ .... __ ..... ~._~ •• • ,~_ ... _"'.~_, ... ,.,,,.~ •. _ ... ,..,,~, .... ;~~"'"' ........ ,.,..-_.-.r ....... ,~ •. , .... ~..,..,~'_'_'""'" • 

o 
1 .' 

",2 
3 
4 
S 
6 
7 
8 

'. box 

b 
1 
2 
3 
4: 

'5 
6 
7,· 
8 
9 

10 

' .. 
freg .. 

.. " .. ~" ....... ' , .. i ~'7~""~' -~ . 

100 ,0 
100 '0'" 6" 
100.' 4 
100"'" ~ •. 2 

1 . '5 
a -5 
0','. p 

'freq", 

1 
1 

, 100 
100·· 

1 
1000 
1000 
1000 
1000 
1000 

.,1000 

" 

"'0' 
1 

; -, .. '. 5 
,···.::.5.,. ' 

5· . 

; '}~ 

;,0 
·2 

2 
2 
4· 
2 

j' .0 
7 
o 

600 
400 
200 

5 
'. o· 

0' 
;'1212 '. 

a 
5 
0 

400 
7 
0 

.2000 
2000 
2000 
4000 

',2000 
12412 

o 
13 
a 

11 ,,' 
s· 

.\ 3',:' 
9 

. . 

. -tot' 

o O' 0 
4 8,::.-. B 
o 0 ,';,0' 

15, 5 25 
30 " 13 65 

... ' ..... ., .. --.... ':.:-<;. •.• ~.,,- .-: ......... - ........... ~ ... ' ... '''-.--~~ ....... ~--- .. ~ .. :-. ,-.-.~.::". r.~~:·": 4,;' 9~~~ .. -. -. -. . .. ~:._~~-::c~, ..... ..:..:... .... ~,~ .. --. 98 .... ' 

a 
39 

~ . 0 
9 
9 
8' 
S 
o 

.. 0 

.. 

~ 

'0 
39 
o 

.. . 


