Pebruary 2, 1961

MEHORANDUM T0: Mo,

SUBJECT: Study of 15K-6LK Storage
for Stage III 1401

I Statement of the Problem

Statement of the Problem
The purpose of this SEudy Was to propose and ovaluate a method
for expanding to S4K the maximun storage presently planned for
) ced Gost Tho1. Tha gneineerits proposal wag to be

aluated by Applied Programming also to etermine offeaty on
existing and proposed 1401 programs,

define the groplen further, Messrs. J, . Frane (Applied
Pregmnr\ir ) L. E. Farr (1401 Enginbering),
agreed that mv.uql should:

1. Provide maximm compatibility with programs
written for Stage II 1401 systems.

2. Include indexing facilities,

II Sumary of Results

Additional Storage Estinated Base Product Cost

16K 8,050 - 9,850
2K u,auo e
8K 500 - 26,000

Costs are based on mounting 2dd1tona1 |arTaye, memory cireutts
and power supplies in a separate fram

By ey of ogrearison, the difforance n product cost botwesn a
1401 Model 3 (4K storage) and a (m( seorage) 1s $4,851
With a corresponding renia; ditroronse’ of §;




A rough estimate by Marketing indicates that there might be
@ demand for 35 to 60 systems with more than 16K of storage.

Schedules would be extended an estinated 6 months should
this proposa: recrporeled dn the presnt Jovelopment
progran for the. s:sze III 1501, Additional manpower would
be roquired also (estimate minimun need for throe ensincevs
and two technicians for 6 months).

III Leglc Approach
1. General Deseription

The existing address structure has the capaoity for 64,000
mbinations 1f the index tag bits are carriad in another

SRaracter, This Hesns the As Band 5 romn Siae hotts

carricd over the fena igit to expand beyond 10,000 char-

acters to ok,000 charactora. A fourth character mist b

ddress to provide for the index tag bits,
s fourth character should appear as a biank
ev3it any oystem does not have irdening

m with 64,000 characters of storage will be  Sapable
£ running prograns with either 3 character or U chas
It Wwould be required that the type of procm
indicated by some preliminary steps in the
In addition, 1% would be possible to change program
1

a customer to intermix 3 character
ie maln 4 character mode program.

mode sub-routines within

Yow that an entire character is allocated to the index tag,
it is certainly posoible to have more than 3 index register

2. Detailed Description

#dress Restater section mist be experded to handle 3
ot tonar s s 2 of the i re n 8 Multiply
Divide systen the A awiiliary register and the 5 auxiliary
Togtater would sach require the 3 sdeitional bips

The Instruction Ring must have the abllity to expand b
extra positions. This expansion 12,8 function of the ooe
program and is cortrolled according

e, Frogran Mede Laveh would indloate the b haracter progran
i 1 uere cet, and the 3 characier program if it were reset.
Proviston 1o aade o oot thiniLY by way of a Unit Op code
£5T1oned by 2 Mgt ior, o By wey of " mhnast poneucto”



Proviaion to reset the latch would be by way of a Unit Op
gode with another moditler, by a pushbuston or oy the 100

key; oNote that voen progrims enter the machine as 4 Tesult
of doad key, the Progras Mods Latoh would prepere. the systen
for 3 chartéver progfams. ereors; the besinming of a1l
prog  char uds stuuation

able a1ple matter to inse

s hoae
Gnanes: inatruction. (Untt op. Followed by megtiior) mmn the
3 character and thereby establish the controls

the 4 character material to follow.

The addrevsing Validity check and modifier must be sxesied
to accomodate the additional zone bits over the v

The o1 in the Pixed Address Generator must expand to
Cover The 3 Tatra bite

The following additions must be made to the indexing section
if 1t appears on the machin

#) Provtde 3 extra ines in the path from the atars
the "A" registy

©) Provide alternate means of setting the Index tag
latches under control of the Program Mode Latch.

Proyide s conditional arithmetio syole in the event
of a carry the units zone

e Shacuitey, anscotsted with the Address Modify instruction
mist be reworked o pro vide for an additional cyole
event of a carry ou 1ts zone addition

The Mdrass Stop oireuttyy mist be expanded to maks the com-
Parison on the 3 extra b

The fact that the additional cirouttey s remotely located,
necessitates extra signal érive blocks

Logic has been detailed beyond that shown in the attached

fiow dtagran to obtain spproximte oard counts. o deteiled

consideration has been given, however, to providing mo
registers.




Provislon to reset the latch would be by way of a Unit Op

fode with another modifier, by a pushbutton or by the load

key, Note that when programs enter the

of osd ey, the Progran Meas Latoh would prepare: the ay.tem

for'3 charaster prograns, Therefore, the beginning of sil

programs must be 3 oharacter mode.  fhis situation 1 aesu-

able because 1t would be a simple matter to inser
mstmpuen (Unit Op followed by modifier) within the

3 character sectlon and thereby establish the controls for

the 4 character material to follow

The addressing Validity check and modifier must be expanded
to accommodate the additional zone bits over the tens digit.

The circultry in the Fixed Address Generator must expand to
cover the 3 extra bits

The, folloning adattions must be made to the indexing section
if 1t appears on the mach:

2) Provide 3 extra lines in the path from the stars
o the "A" reg:

b) Provide alternate means of setting the Index tag
latches under control of the Program Mode Latch.

<) Provide 4 conditional arithmetis gyole in thalevent
carry out of the units zone

The circuitry associated with the Address Modify instruction
must be reworked to provide for an additional cyole in 4
event of & GaTTy out of the unite zons sagitlo

The Mdress Stop circuitry must be expanded to make the com-
parison on the 3 extra b

The fast that the additional oirouttry is remotely located,
necessitates extra signal drive blocks.

Logic has been detailed beyond that shown in the attached
flow diagran to obtain approximate card counts. No detailed
consideration has been given, however, to providing more

s,



IV. Storage Implementation

A. Arrays and Circuits

The 16K storage for Stage I 1401 systens 1s packaged in three
seationa’od U “ﬁ scction has Sts own drivers

e, Je
this cxpanded storase.
B. Hardware

The three 16K arrays and associated elrouits must be mounted
in a separate double frame, in e manner similar to the present
1008 aFtachnant.  Add1Eional Dower Bupplies MRt be probisas
for these circuits and sequencing circults to control them.
Only one of sates

in this extra frame, bu: one intermachine power cable and one
internachine signal cable must be added to the cystem.

’K‘he main (CPU) frame would require modifications in several
reas. The cable entry is already crowded without allowances

Infornation and addbess 1ines o thg spscis) memory frame.
Finally, additional cards are required in the CPU logic (as
deseribed above) and hence, additional wiring on the Chassis

Product costs on all these items are tabulated in  Apbendex I,
3t bay be destrable vo provide two models of certain CPU chassis
in order to axpand CFU 1ozl for large memery evstens withous
adding costs to suall gysten. Coot figures do not tnclude



Frograns presently weitten for Stage II 1401 Eystems will be
Doapletely compasible with 64K memery systons” New pro;
must be written, of o utilize the added memory and
ain new instructions which set ang
o e latch. Thus new program;
{ofeunication linke to old programs with® seeac
ermixed,

8 provide the
they may be

Programatng costs to usilize gix of storage, therefore, ar
fthe ‘costs of compiling £y

LoK. There would be o ehargec pan rewriting old programs,
fance they would run without medifiongrois: Costs for writing
these niew programs are not included u grrs report.

e 2hove statements are based on the limited investigation
nach 5as been possible quring she oue imit cpent on thi,
$o°EREt Proposal for expanding Stage TIr kol storage capacity
o Gk,
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Appendix I

These proguot cost egtimates  &re of linited accuracy. Taay
indicabe "ballpark" figuve:

Added CPU Coats

Item Estimated Base Product Cost
Adattional 16K 1,150 - 1,550
Additional 32K 1,200 - 1,500

Rdaisiona 6% 1,200 - 1,500

Additional Frame, Arvays, Power Supplies, Chassis

Mossional 16K i 81900 -

8300
Additions] 32K 13,1 e
Adaitional 18K 13390 T S
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