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In order to ar#“wm at spzed goals for the central processor
harownTe &everQW constraints were placed on the rrocegsor
organization. These ¢ ngtraints logically lead to further.ccnauralnug from whichoperating speeds and requirements
may be QfitermLfie A 20% safety factor is norma11ly ape
plied after worstessse enzglysis to accormodate chdnaeq
in CfimpOuePL finaeifica%ions.

hc ba ? afifififiptiQfiS are:

1. The main memory cycles at less than 1 user and has
short access time. The arithuetic preceS SOL designed
for this memory system will, of course, work with slowver
memories. Petails of Lhe choice of memory syetem are given
in Technical Memorandum $#22.

2. Two of the processor tim
fron Lh@ memory system. The e
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&. ADDR ACK& adaress acknowledos:r indicates

that the memory has received) the address and control in.-
formation sent to it.

b. RD RgT read restart; indicates tha*
- : the fi“mOfY data has been placed

on the data

3. The memory systenm is kept running at full speed: il.e.,
the new address is CalCUlthQ and sent to the menory before
the memory has completed its current cycle.

4. The cable delay between thfl central processor and the

ivers a
remory (and conversely) ig 50 NS including receivers an
transmitters. This represents approximately ten feet.

5. Each main fiemory cycle will contain three Drocessor
cycles, There will be one cycle before memory data hasreachad the processor (bebmcen ADDR ACK and RD RET) and +wo
processor cycles after memory strobe time. The address for
the next main memory cycle rmust be calculaied during the first
processor cycle after memory strobe time (RD RSL) and nay
not be changed by the second processor cycle after RD RST,

The RD RST signal is re i. 
ceived (by the processor) 300 us

fter the receipt of the ADDR

ve

ACK signal.



- the ceatral proce

4Thasessumz%¢9ne’ 2 used to develop constraints sed-
upon various main memery cvele times. The TastestmMEMOYY
cycle time realizable with proposed tec hmology (20 mil
cores, 3D, cowmon Sengeffilglt) is 750 M8, Lengthening tfia
cycle time correspondsto allowing larger dead f*maq and
longer address set-un times., Some of the constrainits on

850T and central memory ijlng may also ke
relaued,

Figure 1 shows the fi;n ETOYY t¢* ne for a cyc le time of
750 M5, An incrr“ze in cycle time corresponds to an ine
cxease in the dead-tipe, .

These assumpltionz lead to the following constraints which
are ezuae$3@&~as inequalities: (in the following, M stands
for Main memory cycle time, A stands for ntrol menory
Access time, C stands for processor Cyele time., ALl times
are expressed in nanoseconds,) '

1. A+ CoM « 400 The address for t}fl next memory
raference must be calculated by

time M - 100 (RO, ADDRESS at Cy).
Since this addr:

.

838 may depend on
the data received by the processor
at time

since a

e reaé

Yleldlhg

100

230 (RD RST at CP) and

control memnory word has to

as a function of this

¢OO; - 300

ed relatiorn.

From time 0 (ADDR ACK at CP) to
time M -

two c¢ycles and one access,

complated,

100 { RQ, ADDRESS at CP)

must be

rol memory

[

Thee cont

access occurs starting at time O,

After this access,

cycles

M

2 processor

must be completed by time

100. (ote: the first cyele
may overlap the access starting.

at time 300, This leads to the
following congtraint.)

AT C Th

C< (M -~ 300)/2 After time 300 (RD RST

control memory access and two procece

true for the akove

valid,

at CP) one

sor cycles must be completed before
the access starting at time 0 (or

pleted.

time M, ADDR ZCK a2t CP)} ha o
Pd COmM~-

This l=sads to A + 20 M
which yields thz stated relation,

-300
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Y

‘hase fo otted (dotted
lineg) in ¥ .d lines re-
filect th T sctor, The al-
alowable rion oy paramel : 1w the lower left-
~hand region. A point was chosen within the 20% area which

yvields

{ T Main *fiwawy eycle xifle = 750 NS

| Cofi rol fié%&?” access time = 100 XS
: ) ]

Precesse: cyele time = 180 NS

Using these malaea, the processor/mamory timing for a 750 WS
memory is redrawnin Figure 3, |

read-modify-writeThe timing for this system during a

operavion are illustrated in Figure 4. If the cable delay
decreases, the total time for thig operation decreases. This
is not true, however, for the normal read oparation.

Since M = 750 NS represents the fastest achievable Renery
system, thnese constraints are exanined with different values
of M to determine the effect upon control memory access tima _
and vpon the central processor cycle time. The results (with
a 205 safety factor) are indicated in Ulguve 5. Again, the
allovable region for A and C is the regicn in the lower left-
hand corner, As M is increased, ths constrainis on A ané C
are relaxed until M = 1 usgec at which point the assumdtion
of RD RST at 300 NS 11m1cs further improvement in processor
cycle, | '

In conclusion, the fastest achievable nemory system (M = 750 NS)
leads to a control nmemory access time of 100 NS and a central
processor cvcle time

central processor dat

internal cvcle tine is

of 180 NS. Preliminary éesicn of the

ta paths indicate that such a processor

not easily achievable. Similarly, iin
licht of experience with the PDP-9 control menory, & 100NS
access time aprears Aifficult to achieve., It, therefore,
appesars that a slower

Whilé final specifica

enory access, and pr

furtner develomment ¢

the following will se

800 NS

200 Ks

120 N8

7Ficures 6 and shos

guicdelines,

7

mernory would be more cost-effective.

tions for main ory C’cle control

ocassor internal eycle will be set after

larifies the cos pflrfckran trade~0ffs,

rve as quiaellne

INemeI Aie

main memory (read-restore) cycle

processor internal cycle

control memory access time

processor/mencry timing based upon these
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