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The timing relstiocns between the central processcor harde -
War '(regiSt&r;,,gates, adders) and the main menory system
are examined. The resulte indicate tha speed reguirements
for the central processor and for the control memory.

In order to arrive at spsed goals for the central processor
jhardware, several constraints were placed on the processor
corganization. These congtraints logically lead to further
Ec&nstraints,from which operatincg spseds and requirements
nay be determined. A 20% safety factor is normally ap-
plied after worst-case anzlysis to accommodate changes

in component specificstions. ’

The basic assumptions are:

1. The main mewory cycles at less than 1 use¢ and has
short access time. The arithmetic precessor designed
for this memory system willi, of course, work with siower
- memories. DPetails of the choice of memory system are given
~in Technical Memorandum #22.

2. Two of the processor time states are initiated by signals
from the memory system. The two signals are:

a. ADDR ACK address acknewledge: indi
: -~ that the memory has recei
the address and control i

formation sent to it

b, RD RST read restart; indicates that
: - the memory data has been placed
lines,

on the data

3. The memory system is kept running at full speed: i.e.,
the new address is calculated and sent to the memory before
the memory has completed its current cycle,

4, The cable delay between the central processor and the
Remory (and conversely) is 50 N8 including receivers and
transmitters. This represents approximately ten feet.

5. Each main memory cycle will contain three procecsor
cycles. There will be one cycle before merory data has
reached the processor (between ADDR ACX and RD RET) and two
brocessor cycles after memory strobe time. The address for
the next main remoxy cycle must ke calculaied during the first
processor cycle after memory strobe time (RD RST) and AY

not be changed by the second brocessor cycle after RD RST,

6. The RD RST signal is received (by the processor) 300 Hs
after the receipt of the ADDR ACK signal.
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~Thase assum*%*ok A
upon various main v
cycle time realiza»
cores, 3D, cowmon se

aint

’?3V cvele th,». fhp faste

» with proposed technology (20 mil

0s e,alglt) is 750 H8. Lengthening the
cycle time corresponds to allowing iaYucr dead times and
longer address seteupn times, Some of the congtraints on
~the central processor and central memory usmlng may also be
relauad, ‘ ‘

Figure 1 shc&s-the main menory timing for a cycle time of
750 15, An increase in ¢ yﬂ1e tim2 corresponds to an ine

a
crease in tn: dead-tina,

fellowing constraints which

(in the following, M stands
M . % stands for control memory
Access time, C stands for p;ac ssor Cycle tame All times
are expressed in nanosecondsg. )

1. A+ Ci M «- 400 The address for the next me IMOLY
reference must be calculated by
time M - 100 (RO, ADDRESS at CP).
Since thls address may depend on
the data received by the processor
at time 300 (RD RST at CP) and _
since a control memory woird has to
be read as a function of this
data, 2 ¢+ C 3 100} - 300
yvielding the stated relation.

Ly
e
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S
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2, A+ 200 M - 100 From time O (ABDR ACK at CP) to
' o time M.~ 100 { RO, ADDRESS at CP)
. two ¢ycles and one access, must be
. E completed. The control memory
access occurs starting at time O,
After this access, 2 processor
cycleo must be completed by time
M 100. (Hote: the first cycle
may overlap the access starting -
at time 300. This leads to the
following congtraint,) '

3. AT C - “This mus

£ e true for the akove
assumptions to be valid,
4. CX(M - 300)/2 After time 300 (RD RST at CP) one

control memory access and two procese
sor cycles must be completed before
: : the access starting at time 0 (or
© time M, ADDR ZCK at CP) hss com-
g ' pleted. This lezds to A + 2C-°M <300
which yields ths stated relation.
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Thase four (cons fa,a;s)ﬁih»QUdl~t$e» are plo;&ﬂﬂ (dotne
lines) in ®i * 50 s,

fiect thes a 20% sa:ety factor, Tbe al-
alowable ﬂte s A, C is in the lower lef
“hand regio 21 Wlthlﬂ the 204 area which

ylelds
; o .7 Main memory C’Cl time = 750 NS

Coatrol rvmor" access time = 160 ¥s

-

0.

Processor cycle tima 180 Ns
values, the p?“CW§ s0r /icznmory timing for a 750 NS
nmemory is redrawn in Figure 3,

ming relations for this system during a read-modify-write
ton are illustrated in Figure 4. If the cable delay

ses, the total timz for this op?r.tzon decreases., This

: true, however, for the normal read operation.

Since M = 750 N8 zeoze-&nts the fastest achievable memory
system, these constraints are examined with different values

of ¥ to determine the effect upon control memory access time
and vpon the central processor cycle time. The results (with
a 204 safety factor) are indicated in Pigure 5. Again, t
allovable region for A and C is the region in the lower lef
hand corner, As M is increased, the constrainis on A ané C
are relaxed until M = 1 ugec at which point the assumption
of RD R8T at 300 NS 11r1ts further improvement in processor
cycle, '

In conclusion, the fastest achievable rmﬁory system (M = 750 NS)
leads to a control memory access time of 100 NS and a central
processor cycle time of 180 NS. Preliminary cesign of the
central processor data paths indicate that such a pProcessor
internal cvcle tinme is no: easily achievable., Similarly, in
licht of experi ehpe wi L‘ the PDP-9 control memory, a 100 NS
access time appears difficult to achieve., 1It, therefore,
appesars that a q‘ova* meneory would be more cost-effective.
While final specifications for main memory cycle, control
nemory access, and processor internal cycle will be set after
furtner development clarifies the cos g/p“”‘okranb trade-~-0ffs,
the following will serve as guidelines

(D 4 n

800 NS main memory (read-restore) cycle
200 NS processor internal cycle
120 NS control memory access time

Figures 6 and 7 show processor/memczy timing base& upon these
guidelines,
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