
Title: 

Author: 

Distribution Keys: 

index Keys: 

Rf. vision 

Obsolete: 

Dote~ 

.. ti herein. are the prop-This drawinrz an"'s:,eC'f:c~on~;,~ ,"011 and shal! not be 
erty of Digital' CP.l C:1 '-'?~:l ,~1 ~i' n'e or in P~.rt as 
reproduce" or co: e or ~. , .... - Ol~ s"'e of items WIthout 1 the bas:s for ~!-:~ "~3nu,ac ure .... 
written permlss.on. 

Programming Benchmarkes: p", 18-3 Problem Set Coded On 
Small and Medium Processors 

P.-ogroms Instruction Set 

None 

None 

March 25 I 1970 



Abstract 

The set of five pr.;~)ierr~ prot,:,<;ed in Interoff;ce Mdnc, PI A. 13-3 (PDP-Z D;stri~ur;C'!l 

5/31/68) ore c.::dF::d Of"\ tr~e 18 anj 36 bit versions. of P[iP-K. The re';,-J!:s an" ('::;1'1-

pored with PDP-1S, PDP-IO, PDP-ll, Sigma 3,'3, 57 :;r.lo 5,17, cr'd S),ste', [j6. 

The coding shows that the K performs very well on this set of problems inrerms of 

doing the to!)~S wi th few instructions and few memory references. ' 

Though the problems are only 0 very limited test of the PDP-K's capability, they 
show the usef·.dness of se"erai of the K's proposed instructions: 

1 • C0M?ARE WITH LIMITS 

2. REPEAT 

3. CHANGE COUNTER, TEST AND JUMP (AOJ, SOJ, AOS,SOS) 

The first t'N.) :yeot i y reduced memory references in two of the probl eMS and the thi rd 
helps ~enE:r()'e efficient small loops. 



Thi!. i~ the f:.st in () sey.ies o:t 'Wler,1C':; ~.:.f C:~jdil"9 oench:"1crks cC"i;.:,:nir.2 the ;~C.r1-<, 

with ')thcr CO~'iputt':;). 

This memo, in iTself, is not intended to be a complete examination or the variou~ 
instruction sets. It looks ot the intrinsic "alue of sc:r.e of the capability of the 

"arious machines. 

It is our intent to produce Itgood" code for each ci the machines evaluoted. To thot 
end, people v. ith experi€;nce on porti culor machines hove bee:1 sought when 
possible, to code or checkout our code for efficiency. H~wever I as these have 
no~ beer. actually run, it is inevitable thot ~he careful reader Vviil find errors in 
the coding or tahJ\ction. Hcpeful.ly they will bp. m;~K'r aild not t:ffect the oil 
over impl;cotion~ fou"d. 'l/e "-vouid opprec~atE slich enor~ bbing coiled to our 
otte"tiQn. If it i:.. fOIJ~dthot ~;gnificont crro~ have occurrEd, it is our intention 
to revise and reis$~~ this memo. 

The PDP-9/15, F'DP- ~ 1. PDP-10, and PDP-K coding has been checked or coded 
by"experts." Nc ~xpert could be founc..: for Sigma 2/3, and since the XDS doc­
umentation is sketchy and the instruct~on ~et incomplete it is probable that the 
coding for this machine (and hence its performance) c0uld be slightly improved 
relative to the others. System 86 is too new fOI a"}' ..!;{perienr:ed people :0 be 
available. 

Future Parts to th is Memo 

It is our intention to "run K'I on the "Comparoti ve Benchmark~ I' bei n9 set up by 
Clarke Wegner in the PDP-'O group when they ore specified. In addition to the 
machines included in this port, that will include GE635, 7094, and two variations 
of the 360 Series. 

It is also our i.,tention to code the 635, 1108, and 360/44 on this set of problems 
as IAemo #1 .20. 

From time to time other ports wilt be i!lsued to examine other aspects of the PDP-K's 
architecture ar.d instruction set. Suggestions and comments or. this port I and for 
future ~arts, ~~re solicited. 



Tht: purpose or th:s m~-r:o ;~ ~o compare ~'Jme aspects 2f the inst/uction ~t.:t~ '':-: a 

number of opcrctin9 cornp\Jters with "he propos ed K i'"1~truction set. The rr.('~~·ICJ 
\Jsed was to co:'!:! the ~et of ~ ive prcblern~ ~et forth by John Coh€n and Lorry McGo ... on 
in PM 18-3 (May 31, 1968). This set of problems ho'd been c.oded for 0 number of 

mini computers and WQS aimed ot a set of typical prct~ernc; for mii1; cOlnp~Jters. 

Using this set of problems as sole criteria to evallJote a set tlf ;nstructions would be 
foolish. At fhe K le"f»'l vf computer it totalfy ;ieg!'~cr~J the floating point capability, 
most EAE capability, ondfails to examine subrcu~;f'c calls for ability to be re­
entrant ar'\d recur:>ive. 

As a tool for 'v'C"luation. this memo ",,lOS th.::ught to i)~ ")!--:O',JI on twc ccunh. First 
the results are olreadykncVvnfor this set of probie~s Or" :-;-,~~1 16-bit mochircs (or 
soon will be) and hence we telt it would be instru(~i, ( ~,:) ',ee ;)0',-'; rnuch i"iprovem~nt 
would be obtained on this lONer level l.lo~5. of prob:err:~ ()P ~C'r'" n, ""p!P)r (orY'pl1ters. 

Hence, the range of computers covered herein ;~ frc:, +r,e P[)P,·15 thrc,l'-.jt. d~!! 1 J08 

and includes the PDP-ll, PDP-lOt Sigma 2.'3, Si9""0 5 / I ~y"'tfl!'rf'l 06, j,SU '44, ·]na 

PDP-K. Secondly, the coding was viewed os or. cduca~;onot eJt.t~!C;~(~ ~0 ;.)Jg~~ tJ.w 

necessity and usefulness of the various instructio f't set~ ot the hOf'ld (I")d .. rl ''J~v~'''''hly 

language leve I • 

As previously noted, the purpose was to compare tns'r,_,(:ion ~eh, not computer~. 

Because of this we delj~)erotely exc:uded some f61cto~ thot would normally be counted 
in comparing the performance of several Machines. Hence, differences in memofY 
cycle times ore not included nor are times required tor execution of complex 
instructions adjusted. These ore parameters inherent with the porti culor technology of 
implementation of todc;y end are not propedy attached to the instruction set. 

The measures ~ E're number of words required for each program, r.umber of instructions, 
cmd the m~,nb!r c-f memory cycles required to do the program under 0 specific set 
of assuf'l'tp~'ions. This, ofCDurse, assumes that main memory will continue to be the main 
foctor in pr~cessor cycle speeds. (Perhaps somewhat d".bious an assumption in v lew 
of what is happening to semiconductor memory'prices.) 



i.. '.:mfllcnts on P; ,o'ems 1 through 5 

.. . 
The probkir.;j 0riginatcJ 'IV; ~h John C0hen and Lorry McGowen in Pl\~ 18-3 U./Iay 3., 190d~ 

(PDP-Z Di!:tlibuti~n). They have since been coded for the PDP-l i by National In+orr:·~tiC'n 

Serv ice:;, Inc. I end ore currently be ing redone by Dove Brown I another consultant 
cortrQ<.:t. 

Problem 2 - J"vltiply is unrealistic as the signs of the number ere not checked onJ 
dealt "\I'in and thc.re is rio provision for checking when the multiplier becomes "all. 

Problems 3 and 4 are essentially both tolerance checks. 

These limitations should be kept in mind when evaluating the re~ults of these probl~ms . 

• 



Comments on Probl~:rn 1 "/\~ovC Charoc.ters and Edit" 

ihe graph esser-ticlly )ho\'.'s :hree levels of performance on this prob:en:. T~·~ \' . .)':~ 

pertorme~ were the 5igr:a 2/3 and PDP-15. Tnis vias due to their kIck of rrultipie 
accumulators. In additicn, the Sigma 2/3 locked any bite handling at all, and 
this cost it many extra me-nory cycles. The next group hod approximately on order '-: 
magnitude better performance on this problem - which was obtained from the MOVE 
BYTE instructions and their multiple AC organization. The performance increase of the' 
PDP-K ~ver this group was solely due to the K's REPEAT instruction. 
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PROBLEM I ~ I\~o .. ·~ Characters and Edit 

.. Top number is number of intStructions 
- Middle is number of words 

- Bottom is the number of memory references 
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Comments on Problem 2 ··Software ~ltiply" 

Performance on this problem was relatively consistant across mochines. The PDP-1S 
was ICMeWhat wane than all the others because it hod only 1 AC. The low number 

.,' . of memory references by the POP-l0 was due to its TRN (T 4Kt Agoinst Immediate Mask 
... ' 'and Skip). instruction • 
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COIftIMnts on Problem 3 'fT olerance Check ,. -
~ .. - ThOugh-this looks like 0 "ringer" in the Nt, it proves the usef Ul~leu of K's REPEAT 

'.' '" 

instruction and its COMPARE with LIMITS. These two provide about 0 5 fold 
h"ptOveMent in performance over the ot·her "high performcnce ll machines. The POP-lOts 
impro .... t over the Sigmo's and PDP-l1 and System 86 is due to its COMPARE AND 
SKIP iMfNctions. 

; 
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COft1Iftents on Problem 4 ·'Hi$togram" 

PDP-1S and Sigma 2,/3 100e ogain due to tack of byte handling. Agoin, PDP-K's 
improYefM'.\t 75 due to use of its COMPARE WITH LIMITS instruction a 
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Comments on Problem 5 ··Oeclmal fASCIO to .;nary Convenion" 

P.tformonce is rather consist~t otl this probl ..... , though POP-15 l':)5et due to lock ci AC·s .. 
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