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DEUCE Programme No. 360 (2C14)
Brick Assembly ®
SUMARY. '

A programne is described for using standsrd N.P.L. bricks as subroutines
without recoursc to Q. I.P.

The programmo is a dovolopment of the R.A.E. Assarbly
Scheme (2C11), but fower restrictions arce placed an tho bricks acceptable and
acaditional testing and rostore control facilltics havo boen inocludcde Ono
instruction anly is nooded '

to antor the assembly routine from the main
- Programmo ond stondard library oopies of bricks may be usecd unaltercd.
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DIUCR Programme No, 360 - (201L4)
Brick Assembdly.

‘Readeln Opdexs Bricl Assembly Progremmo (which inoludos "Olear Drum'). Caxds

O=174

Paromotor oaxd for 1st brigk having
21-1 )P, + mP, + (=1 )Pi,2 for each seation (oee bolow)

1 9
Briolt 16

Baxonetor card | P1 m.row 9
Brlole 24 - |

Par:mo'hor caxd with 1’32 but no :P1 en row 9,

Jastor Progremmo, (punchod withmarkor Noe X F,,on row X
’ of 10t caxd of each trhd).w

1‘?3““0 smtrel caxd (to start programmo at & given link) Nos
. .

D AT

12=24 X 4if no D.L. numbor is punched ocn row X of {irst
oard of any triod road by tho assombly programmos One
shot trios to ro-road tho card on which failuro ocoourrods.
I# no P, is proosont on row 9 of a parameter oaxd, tho
programne clears and enters 1, with the reader oalled,
The progremne mey altomatively bo started by roading

into DiL. 1. after ronding tho master programme,instructicns
which oall down 14/13 into Dil.412 and fotch the firet

paxt of the mastor progremmos

(4) ZIxom the Readex.

Read in "Synchrenize with P,, oloock track" (ZP34) followed
by the following one=caxd pﬂ:armne which planta a
link from the caxd and obeys 1t

Yi1,6$-% 6 0 2g Ry 4 15=31 0 28
fomeet 330

201,%6-16,0, a2
3', 3~ 30,0, z,s
4" “-2‘*,0, 29
1, - 24 0,39
), o= "\, 13, 28 *
7  Lisk

84,28

g1, uw=nf
i, - t,i,u,w /7

- s

o

This dovice is also useful for staxrting a progranme from a
given linlk,
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DEUCE -Progranme No. 360 (ZC14)
Brdicic Assembly.

OPERATING INSTRUCTTONS CONT'D,

(11) Using dManual Control,

Stop ilachine,

Extermal tree on,

15"'31 _9_13__9_ cont T.T.

1530 ch O oont T.T.
1 11"1 cant T.Te

Conts T.C.I. until, 1, 1-1 appears on instruction staticlisers.

Ext tree offe
- Machine on normal,

(These instructions are identical with those foxr G.I.P.
- restore control except that 15/15 is fetched instead of

14/15)

Tho machine now gtops on O~12 X, the last link oboyecd
by the machine having boen displayed an the 0.8. 4

new link may now be injeotoed from the I.D. = a ono shot
continues from this link, |

If a P,, is sct in addition to the injected link, the
machin@?will stop on 14~1 A further ono shot continucs
tho programme until the next cuo is about to be obeyed
whon it will stop on O=14 (soc bolow),
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DEUCE Programmo No, 360' (ZC14)
Brick Asscmbly, |

OPFRATING INSTRUCTIONS CONT'D

Prograummo Tcsting Facilities,
Provision is mado for

(1) stopping the machino whon a l:lnk pre~sct oan the I.D.
is rcachod, ;

(2) Stoppin.g and oxamining tho currcnt cue and link
Just before obeying cach bricke

(i) Set on I,D, ——— 2 or Pre dete . e

Machine stops ©-1l.
Ruts cue about to be
obeyed on O.P.S.

(11) Set on I.D. P, or zero or New cue

Replaces cue about to be obeyed

| ' | with that on I.D.
| NeBe if this has a P the
I machine will stop 113 when this

cue is obeyed.

r-"-'

Machj_ne stops 0..1 5 On rcaching this link
Puts link up am 0,P,§f —— <

. ( P Or ZEY'Oe \lm
P i oo o st o -
(iﬁ') Sica;ei;D: 5 an next cue). . _

i " e

L

Replaces link with that from .0
Pz MAY be used if it is required
té stop on next cue,

Enter bricks
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riok AEBOmb]yn

OPERATING INSTRUCTIONS CONT'D

"Track Assembly" Section,

This reads in standard scheme B bricks (with or without
an initial card) and writes each seotion onto the drum
atarting from a track specified by & parameter card.
Blank tracks are left where D.l.'s are misszing, but
D.L.'s may be in arny order except that the low:st
numbered must be last,

©eBe A 3-scction brick whose highest D.L. numbers arc
7, &, 2 would nced 7+4+2 = 13 tracks of drum stoxrage.

The paramcter card has, on row 1 (1 = ¥, X, O, eeey 8)
(qy~1 )P1 +my Pg o+ (x4-1)P,,

m, 1s the number of the track to which the highest numbercd
DeLe of the ith scotion is to he placed.

Xy is the total numbor of tracks (inoluding blanks) in
this Soction. |

q; 1s the lowest D.L. number in the seotion, (This is
normally 1), |

Successive rows from Y to 8 may have parametcrs for up
to 11 scotions of a brick,

Row 9 is punched with a .’:"’1 if a furthor paramcter caxd is
to follow (to »cad in tho' next brick), Dlow 9 vill also

have a P,, if no initial card is present with the brick,
This cnal?fea other scotions of programme to bo read
using Traclt Asscmbly,

A moarker No, XP1 o on Tow X of cach triad must be punched

for such tracks, counting backwards along tho track
numbers,

Cef¢ tO rcad a programmo (without initial card) to
15/0, 1, 2, 3.
Scot P32 on row 9 of paramcter card

- Sot 240 P5 + 3P22 on row Y, all other rows blani,

Punch LP,‘O, 3P10.,' 2P10, -1P10 on row £ of 48t caxd of tho
respectivo triads of programmo.

This must sct code words for cach brick to be obcycd and

also any paramcters nceded for the bricke The codo words
(as in 2C11) arc

(1) A Cue, NP2 +* mP5 + 'I:P,17 + (r=1) P22 + tP26

This is used to oall down. r tracks of brick from track
miom+r et into DsL.'s 1t0 1 and entor N,» (Blonk

tracks are not transforred to tho high spooa storo cxcept
' possibly to D,L.1,)

NOTE: All brick sections must be trcated os scparate
bricks when using this scheme,

m and (r=1) arc tho somo numbors os used for the
track assombly paramctors,
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DIUCE Programmo Noe 360 (2C44)
Brick .Assom'bly °

_ O@TING DTS'I'RUCTIOI‘IS CONT 'D,

(11) A Link: N'B, « m'Pe + t'Fy5 + (=1 )P22 + t'P,,

This 1z used at the end of a briek (or section) to fetch r!
tracks of the main routine from track m' onwards and enter
N' s It is usually edvantageous, especially between
segtiona of a multi-section brick, to bring down one track
oanly of the master programme (to D.L.1) The tracks are

brought dowm from m', (m' + 1) ... into consecutive D.L. 's
onding with Delseto

Temno;a_ty stores 14, 15 and 21ﬁ 3 arc preserved in 1218-21
»

betwoen brioks : other stores are unaltercd by the
&BBGIRbly rOU.tinQo

After sotting cue and link in 24 and any paramctcrs
in 180 1,2 for the brick, the magtér routine must obey

12=1 (32 meCe) and cnter 168

"fetch Tracks" Scotions,
——-——————_-____—

This programmec, starcd on 15/13 and 15/ 14, interprets the

cuc on cntry from the master programme, and storcs the
link on the drum, It also scts bac!: tempora:ry stores

14, 15 and 24 from DeI.12.

Af'ter the bricl:, the l:lnl is interpreted to re-fetch tho
main PIrogranmec,

Programmo Opcration. Flant cuc and link in 24 2,3°
' - Mastor Programmce } Plant paramcters in 180 1,2°
' ' 12-1- (32 mec.) end entor 126

Fetoh Track pmgrame is called to
DeL.41 and cue uscd to fetch brick,
Link is stored on 15/13, m.Ce17.

) TeSe replaced from 12,

Int erprctivo Routinec,

15/13 fetohed to DuL.q and 12, ¢_08
TeSe 's arc stored in 12 and 15/44

recalleds Link is used to refetch
main programme,

i Brick, _ g Brick obeycd : ends 12-1 (32 mo,)
Interpretive Routine. %

Plant oue and link for next brick

Master H'ogramne. . in 212 3 ctoe
>

The int erpretive routine and restore control sections

occvpy tracks 15/13-15, all other tracks boing available
foxr the Master ngramno and bricks,



ZCHL. - - No. 360
NELSON RESEARCH LABORATORIES NS t 1198

STAFFORD  E. E. CO. LID. Sheat No.: 7.

DEUCE Programme No. 360 (2C44)
Briclk Asscmbly,

QP RATING INSTHUCTIONS CONT'D

Conditions to be Satisfied by Brioks.

- The conditions imposed an the bricks usuable by Brick

Assembly, slightly less restrictive then those for
G-I.Pn are.;

(i) 1229-51 must be preserved at the cnd of the bricks: the

rest of D.L.12 may be used but only 12 _ac Will be
carried over unaltered between bricks 8:- geoticms.

(i1) No punching in Col. Sl.

(11i) Brick must end 12-1 (32 mec.) loading to 1 30°
(iv) D.L. filler instructions must be punched and the
lowest numbered D.L. placed last in cach scctione

Bricks nced not be preccded by an initial card. It can
be assumed (as in G.I.P.) that temporary stores and D.L.'s
not overwritten by the new brick (or scction) arc
preserved betwoen bricks (scc‘cims),121 631 will not
however be carricd over unchanged,

ﬂr'P' f:\a,,l R 108 ow Ale W\ w:\:t\nml’ Gﬂ""’m‘ﬂ 3 O3 cr'xaj‘t:K-M

- Js -«lﬂ\olc, .ttm»lvﬁg‘ .. Q PEL J\L\an e, pfm‘MmmM- 4"60*9-
C oA 17'“-4'."— va o"neqa_al-
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DESCRILEFTION,

This programme is similar to the R.A.E. scheme in that a cue and link

are placed for each brick : many of the ideas in ZC41 (R.A.E. Programme changing

routine) have been retained, Some disadvantages of 2011 have however been
obviated o+ These are:- '

(i) The assumptions that the delay line nmnbcra in a brick must be
conscocutive (:n reverse order) ending with Deln1.

(i1) The necessity for plenting cuc modifiers in multi-scotional
bI‘iCkE-

(1i1) Non~prescrvation of unchanged tcmporary storcs and dclay lines
betwecen brick sceotions,

In the present programme atandard Scheme B brich:s moy be uvced winlioroed;
howecver, n storage tracks arc used on the drum for a brick whosc highcst D. L

number is n = it is clear that if loss than n delay lines are actually uscd

by the brick some of this storage will be wasted. (This is also truc in the
ReA+E. scheme)s |

Tho asscubly routine is advantageously usced instead of G.I.P. in large

Permancnt programmes where the cxtra programming effort necded is worth while
in order t0 save opcrating time on the machine. Time is saved between bricks,
particularly when they arc small, and when operating on small matrices - in

such cascs G.I.P. intcerprotive time is comparablc to computing time within
thoe bricks. ' =

It is not suggcstcd that 'onc-off' jobs which may be programmcd very
quickly using G.I.P. should usc thc techniques deseribed in this report.

Some timing comparisons have been carricd out botween G.I.P. and the
asscmbly schcme,

(1) 10 multiplications of (1 x 1) matrices and punch result.

Scheme B ¢ 48 secs,
Brick Asscmbly : 21 scecs.

Interpretive Time saved per operation = Q;;-_IZ‘I_ =¢ 87 8CC3.
(i1) 100 operations using a specially preparcd one~track brick (in
this casc practically all the timec shown is used for intcrpreting

COdCS)l
‘Scheme B ¢ 114 scos,
Brick Asscmbly : 30 scos,

Time savad perx motion intoxpreté.t_im = ﬁ;’-‘"g%g = o84 scese
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LXAMPLE

. This programme successively replaces a row vector yi by the vector y.'\ Ji
formed by post-multiplying ;y"1 by the transpose of a square matrix B, Resulting
vectors are punched out at every rth step (r being specified initially by a
parameter card) and numbercd with the step number n, (the initial value of n
is spocificd by a sccond parameter card)s A block diagram is given below.

The flow diagram and coding for this example are inoluded at the end
of this rcport.
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'
Read ym
Read ptmoh-ma.:ker Yo
Road punch=-number n, Restore control

| . . | Punch 3 cnters here,
4 :l " d
I

Store punch-number (n)
Is there a P on the IeDe?

/ \ Pu_nch paramcter Corde

(r and n) for the last
y' punched out,

Sct counter = p
Iflu.lto ' B' - '

e h
Add 1 to n

Subtract 1 from counter
Is counter zero?

yes
no .

BRICKS REQUIRED.

te  Read Binary Matrix (IRO7B) D.L.'s 3s 2, 1; wntry 1301
2o Bmch Binary Matrix(LPO5B) D.L.'s 3, 2, 1; entry 2,
o Matrix Mults (fast)(IMOBB) Scotion I D.L.'s 4,3,2,1; cntry 14

31
Sectin II D.L.'s 9,8,7,6, 5:4,3,1; cntxy 1-,‘;0

Scotian III D.L.'s 5,4,3,1; entry 130

USE OF DRUM,
15/1315 Briok Asscmbly, _
15/0 liain Programmc (3 tracks)

14/5 IRO7B

14,2 LFO5B

13/13 LMO8B (Soction ITT)
13/ [108B (Scotian IT)
13/0 12p8B (Scotion I)
“;g JBr' (} 30 tracks)

ARFAN "EMENT OF CARDS.,

Briock Asscmbly,
Parameter card 1,
IMosB (1)
IMO8B  (I1)

IMO8B (IIT)
Paramocter card 2,
LFOSB
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Parameter caxd 3,
IRO7B,

Parametez_:' caxd L.,
Main letjnec *
- 1 card Frogramue for entry in DiL.1, - Link = 1, 15/2 0(0) O

Parameter cards are punched as follows
Card 1¢ Y rowe OP,+ O¢P.+ 413P. + 3P22

1 5 9
X row, 0P1+ h..P5+ 13»17'9 + 8P22
O row, 0P1+13-P5+ 13P9 + AP22
9 IOWe P1
Gaz'd: e Y rTow, 0P1-I- 2P5 + ‘“4-P9 * 2P22
9 TOWe P1 ‘
Caxd 3¢ Y row, 0P1 + 5P5 + 1l|.P9 + 2P22
Card 4, Y row, 0P1 + 0P5 + 15P9 + 2.P22
9 I'OVie P32.

‘NOTE: The triads of the main routine have no filler instructions but
are punched on the X-rows of the 1st cards of the triads as follows,

The triad for 15/0 := 3B, -
The triad for 15/1 :- F10

The triad for 15/2 := 1E,

The order of the triads is unimportent provided that the triad for the

highest=-numbercd track (punohed with 1 .P1 o on the X-row) is stacked
1&317. '

A convenient presct  link in the restore control programme ( pnched
onrow 4 of the last card) is as followg:w

2 15/0. 5(1)5,
(sce Block Diagram and Flow Diagram).
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