JHE SERIES AND ITS EVOLUTION

It is useful to compare the five 18-bit computer implementations made over
the course of roughly ten years. Shipments (to 1976) have extended over a
sixteen year period during which the machines were implemented across two
generations of logic technology. It began in the early second generation
and extended to the early part of the third (large scale integrated
circuit) generation. Had the 18-bit computer series been extended to yhe
fourth generation, a version of the PDP-15 H;:iﬁahave been’impleme;z:z'on a

single silicon chip.

Table‘;!gives the characteristics of each 18-bit computer. Note that the
duration of the projects generally increased with time, reflecting the
increased production volumes. (The PDP-4 took the least time to produce
because the circuits and mechanical packaging were based on the PDP-1.)
The time between the first few implementations (half life) was about two
years (19 months from PDP-1 to -4). In contrast to this the PDP-15 was
produced for seven years after it was first implemented. The early (too
. |  fnhps .
frequent) implementations were'indicative of the attention paid to low

hardware cost and performance, rather than to application and software

enhancements to increase the market life.

PDP-1

The goals, applications, innovations and improvements do not lend
themselves to quantitative analysis, but nevertheless, are aspects worth
examining. PDP-1 had a number of innovations compared to its laboratory

predecessors, the Whirlwind and TX-0. PDP-1 contributed extremely
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straightforward I/0 interfacing capability. This, combined with a
multichannel interrupt structure and direct memory access, enabled high
data rate I/0 data transmission. These characteristics made it ideal for
high performance laboratory applications. The PDP-1 also represented a
major stepping stone in the early formation of timesharing computers. Its
application to message switching contributed significantly to its
marketability and provided impetus for the design of good communication
interfaces in subsequent computers. It also served as a test model for the
circuitry DEC had built earlier, making the PDP-1 modules more suitable for

others to build systems.

PDP-4

The PDP-4 contributed in small ways. There were minor improvements in the
ISP. Insofar as it was oriented to a much lower cost, the PDP-4 did
feature some refinements in the modules. The simplified logic design of
the PDP-U4 contributed to the implementation of subsequent computers. It
also contributed the basic notion that subsequently evolving machines
should be lower cost. It also extended the marketplace to industrial
control (which had not been possible at PDP-1's price levels), and improved
the interface capabilities.

?0Y-7 oA fop-ﬁ

The PDP-7 and PDP-9 families featured significant refinement in the

wirewrap packaging technology. Their circuits were based on the early
PDP-6 10 Mhz circuits, but the Flip Ghip package was more cost-effective
and more easily produced. The performances of both machines was
significantly improved over that of any predecessor. This is the first

time the number of words or bits accessed by the processor was used as the
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performance criterion. PDP-7 represefited a 4.57 improvement over the
PDP-43; and PDP-9 represented a 1.75 improvement over the PDP-7. Both
~ pamantl

improvements were' the result of faster core memories. The PDP-9 was
implemented as a microprogrammed machine. This really was a dubious choice
given the simple ISP of the 18-bit machines. PDP-9 did change to the I/0

bus structure which helped reduce its basic cost further by distributing

the 1I/0 interface to each option.

REE=15

The improvements provided with PDP-15 came about through the use of
integrated circuits. At last there was a significant reduction in size,
although the power consumption did increase. In the processor, the board
area decreased by a factor of three over previous implementations (board
area had been relatively constant at about 3000 square inches). The
PDP-15's major improvement was the notion of systems including both
hardware and software, and secondly, that the machine would be supported
over a range of sizes. Finally in order to extend the life of the machine,
a number of improvements were made to reduce price (memory, PDP-11'2763 and

to increase performance (floating point, multiple processors) .

Price

Figure Peiee shows that the price for the minimum system declined by more
than 19 percent per year. The price of the average system has never been
properly analyzed, but roughly speaking the average price declined from an
initial cost of $250K for a PDP-1 to $65K for a PDP-9. Early PDP-15's were
sold at an average price of $75K, while the final average price was about

$125K.; It should be noted that the Teletype ASR with built-in paper tape
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reader and punch helped reduce the price of fthe later minimum 18-bit - 0
computers. ﬂl&kbps sig Qeas Hounm I

fo/t VL—hil'conq?diiﬁa- Jz SCGJ%.

he price of the primAry memory did—net decreaseJht a

usl”

1
very—rapid rate’(see Fig. }kwpnicaQ. ;t;T%;ice decline o€j16 percent per

year can be attributed to the fact that each subsequent machine needed
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higher performance memories. The result was that the memories were always
implemented at relatively constant price with increasing performance rather
than the converse. PDP-4 shows the effect of bulding a low performance
memory versus the fastest memory. While the first PDP-4s were shipped with
PDP-1 memory, the next machines had 8K word memory systems that cost about
half that of the PDP-1. By contrast, the PDP-10 memory had operated at
about 1 Mhz, and was designed not to meet performance constraints, but
rather lower cost by economy of scale. (The PDP-10 performance comes

through memory parallelism and a faster processor.)

Performance

Performance (in millions of words accessed per second by the processor) is
shown in Fig. é:gf. showing a 29 percent yearly increase. Neither the
PDP-15 nor PDP-U4 fall on the line, since both were oriented to lower price,
instead of increased performance. In reality, the PDP-15 later evolved to
have much greategbﬁgﬁt%:hance when built-in floating point arithmetic was
added. This feat:re"g?gag%gvits real performance to the line. This
performance amounts to a factor of 2 to 10 for Fortran programs involving
floating point. Midlife extensions of this sort were generally missing on

- . ’
the other comput,ers,' we N0 T4 et kb obv«btop"'7 maoxe

y’mmm.
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Price/Performance

The performance/price ratio is a reasonable index for simple systems (see
Fig. Berf;;rieeé. This ratio has improved by 52 to 69 percent per year
over the ten year period. The PDP-4 is the exception because while it went
down in price it also gave poorer performance. A variant of this plot is
shown in Fig. ;;5;'where price is plotted vis-a-vis the performance (in
millions of accesses per second by the processor). Dates are shown at each
point. The lines of constant performance/price are separated by a factor
of two (keep in mind that if any measure changes by 41 percent per year, it
takes two years to move from one line to another. Conversely, a yearly
improvement of 26 percent takes three years to get double, etc.). Again,
note that since the gain in this factor is at least 52 percent, the 9.1
year evolution crosses five factor of two lines. Only the PDP-4 stands out
as being on a line of constant performance/price. (In essence it was
either overpriced by a factor of two, or should have performed better by a

factor of two for the same price).

Market Demand
36 3
Figures Demanﬂ—i%’and PrPZLSDenanqg present a view of the market demand for

s bein
18-bit computers. These two plots show two views of what Qan -be marketed.

Are computers sold at a given price (Fig.-B::;nd—48)? Or, is a computer a
collection of operations with a given price per operation--hence, a user
only cares about the price of an operatioﬁ? Ignoring the PDP-1, there is a
reasonable fit to the first curve; it appears that we are simply selling
computers at a given price, and there is a completely elastic demand.
Somehow, simply by being the first, more PDP-1s were sold than any of the

(panhaps Fortuidous )
other machines. Alternatively, there was one &ucky order for half of all
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the PDP-1s sold, and in reality only 20 sho&;d have been sold.

Alternatively, the standard price-based demand curve may not be correct.
Computers may be regarded like power generators: demand for them is based
on the amount of work they can do per unit of cost. (This would explain
why roughly the same number of both PDP-1gand PDP-Us were sold.) Note that
more PDP-9s anéaqg; were sold than the curve would have predicted. This is
because both machines had longer lives before successors were introduced,
and hence did not have arbitrarily shortened lives. (A better measure of
demand might be the maximum number shipped in any one year, taking into
account other marketplace limits.) Because of the relatively large number
of variables that can be evaluated (size of DEC, the economy, market
maturity, ete.) it hardly seems worthwhile to try for more insight from

what is probably quite weak data. These plots should simply be regarded as

providing interesting insight...and a basis for speculation.

Other Characteristics

Table?has other data that could be plotted. The input power (with the
exception of PDP-4) is constant over all implementations. The weight is
correlated with size (volume in cubic feet) reflecting a relatively
constant weight per bay. The volume has declined with time consistently

reflecting improvements in packing density. In this respect, the PDP-4 was

a better implementation than the PDP-1. The PDP-7 was better than the 4 PO

in high packing density than either PDP-1 or PDP-4. The PDP-9 improvement
eor-]

;ﬂ\%wm%u’/ﬂ Gd’Wh hawe risen M@wrw&aﬁ.ﬂ

-

in implementation used the same logic as in the -T. PDP-15 a its
volume reduction using integrated circuit technology. Power and weight

density measurments are given in the table together as are several ratios

wth nflafren
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involving cost, weight, power and performance. Note that measurement of
performance changes most. The calculated mean time between failures has

declined by over a factor of two between the PDP-1 and PDP-15.

The reader should compare the implementations. Of special interest is the
number of logic module types and power supply types. With the exception of
PDP-1, all required about 5000 sq.in. of printed circuit board area. The
innovation of PDP-4 to use a bit slice approach added two specialized
modules, making possible a major reduction in backpanel interconnections.
All subsequent implementations used the bit slice approach with a few
special purpose modules. Similarly, use of integrated circuits in the
PDP-15 resulted in another major reduction in the PDP-15's size. All
required about the same number of explanatory logic diagrams and all had
about 40 different logic types, although the PDP-15 had 54 types. This low
number of part numbers and relatively low cost per module meant that the
cost of a complete package of spare modules for a computer represented a

small fraction of the price.

Options

-

Table ;shows the options available for the various machines. Note that
PDP-1 was relatively complete, and subsequent machines followed the PDP-1
fairly closely. PDP-1, 4 and 7 were relatively compatible and slowly
evolved the same set of options. PDP-9 changed to an I/0 gus structure
requiring new options and while PDP-15 used the same 1/0 ?us structure and
signals, the voltages were different necessitating the redevelopment of

logic options. Also, note from the start, that the displays have been

major options. Only since the PDP-15 were moving head disks added.
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Although a number of card options were available, few were sold.

Evolution

While the 18-bit computers evolved over both a wide price and performance
range, they must be contrasted with the clear evolution of the 12-bit
computer whose evolution has been quite clearly based on decreasing price.
The 18-bit evolution has been neither decreased price (providing larger and
newer markets) nor constant price with much greater performance, but rather
a combination. The PDP-11 has evolved to both increased performance at
constant price and constant performance (or even decreased performance) at

decreased price.

The 18-bit series has been a middle of the (price-performance) road design.
Nor has it had a continuity of designers or architects of the other DEC
machines. Each implementation has been made by a member of the previous

implementation group.

The PDP-15's identity came up clearly in the face of a 16-bit word length
competitor. The PDP-11 required more IC's to implement, but because the
PDP-15 remained packaged in a large cabinet with small modules (and few
IC's per board) versus a small metal box structure, the cost did not
decline rapdily enough to be competitive with the metal-boxed minis. On

the other hand, some felt the market demand was only for 16 or modu (8)

bits. As a result the 18-bit machines are no longer manufactured.
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Several people helped get the data together for this paper and critiqued
its design: Dick Devlin, Dick Best, Carl Noelcke (reliability
calculations), Jack Shields, Don White, Don Zereski, Craig Mudge, and Earl

Cain. Mary Jane Forbes and Louise Principe deserve thanks for typing the

numerous drafts.
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- CHARACTERISTICS OF 18-BIT COMPUTERS.
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Table‘¢ - CHARACTERISTICS OF 18-BIT COMPUTERS.
1

& i 9:9/L 15

MTBF (hrs.) 2800 - - - 5400

Mp. cycle time 5 8 1.75 1;1.5 0.8

Mp access/sec 0.2 . 125 «57 1;.67 1.25

x M

Multiply/divide 25/40 4.4/9 4,5-12.5/12.5 4.5/4.5

time (microsec.)

Mp.size(Kwords) 1,4;...,65 T,8,8,606332 H,y445,32 8;8;:.:+,32 4, ...,131

Bits accessed 30(.033) 34.5(.029) 227(.0044)  T714(.0014) 1135(.00088)
|

per sec/$ 1
i
|

Perf/price - 1.1 6.6 3.1 1.7 |

improve

Price improve - 1.8 1.45 1.8 1.3(1.5)

Perf improve - .62 4.57 1.75 1.25

Product Life Y 3 4 4 7

Number produced 50 45 120 (1657) U445 790

Power (watts) 2160 1125 2100 2000 2875




Table Gt

- CHARACTERISTICS OF 18-BIT COMPUTERS.

- 4 i 9;9/L 15
Weight (1bs.) 1350 1030 1150 790 750
Size(in.69"x21" 4 2 3 1.5(special) 1
x28" bays)

Vol.(cu.ft.) 94 47 70.5 36 23.5
Power dens. 22.9 23.9 29.8 55.5 122.3
=watts/cu.ft.

Wt .dens. 14.4 21.9 16.3 21.9 31.9
=1lbs./cu.ft.

Watts/$ .018 017 .0l46 .08 .15
lbs./$ .011 .016 .026 .032 .038
KBits accessed 1.6 1.1 4.9 9.0 7.8
per watt

KBits accessed 2.6 2.2 8.9 22.8 30.
per 1b.

KBits accessed 38.3 47.9 146. 500. 957.
per cu.ft.xK

Logic technology sat.MADT C-D gates; sat.trans. 7400, TUHOO




Table éfl CHARACTERISTICS OF 18-BIT COMPUTERS.

1 4 14 9;9/L 15
trans. diode trans.
Logic speed(Mhz) 5, .5 1,0.5,5 10,1,.5 10,1 10,20
Module size 5.25x4=23 5.25x4=22 2.25,5 2.25,5,10 same
(x 3.875); (x 3.875)
# power supply/ 8/4 ys2 9/4 1/1 1/1
# types
# modules/ 544 /34 236/41 614/39 6uY /uy 300/54
# types
3‘ O' 1-00/

# transistors, 3.5K,4.3K - - - #5253 4K
diodes, IC's
Modules space 18x25 6x25 12x32 8xuy yrit
Pc
Modules space, 3x25 3x25 - - ¢x 3l
I/0 Interface
Modules space, 3x25 3x25 8x32 8xuy 1
Rdr,Pch, Typ.
Modules space, 4x25 4x25(8K) 3x32 3xU Y yriv

4Kw Mp




Table q/- CHARACTERISTICS OF 18-BIT COMPUTERS.
1

4y S | 9:9/L 15
‘ Total Logic 1.9 5.2 5.3 5.6 3.4

area(sq.in xK)

Processor area 8.9 3.3 3.3 3.1 2.1

# logic prints 18 16 27 4y /2=22 75/2




Table {-

for DEC?

OPTIONS OF 18-BIT COMPUTERS

e "

1 y T 9 15
Multiply/Divide Std. [18] EAE [177] EAE opt,flt.pt.
opt.

Priority 1ch.std.; 1ch.std. 1ch.std 1ch.std;8 opt. 1ch.std;8 opt.
interrupt [120]-16ch; [172] 16¢ch;

also 256c¢h.
Direct Mem. [19] 3 ch. 1 std.; [173] 3 ch. +1 to mem.(std.) up to 64
access 3 opt.
Clock yes 1 std; opt. opt. opt.

[132] 16 ch.
Power failure N/A std. - - opt.
Memory protect 4K blocks none [KA TOA] same same
base &
bounds

Ms
Magtape (prog. [51]-[50] [(54]-[50]
control) 200 b/i 200 b/i
Magtape (DMA) [52]-[50] [57A1-[50 or [57A]-[50 [TC591-([TU20] (Tc59]-[TU20

[510]-[IBM  570] 556 b/i or 570] or TU30]

729]
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Table D - OPTIONS OF 18-BIT COMPUTERS

1 4 1 9 15
Drums [23] [24] 16Kw [24] 32Kw 32Kw. . .524Kw
.. .65Kw «eo 131Kw
Disks N/A [RS09] 1Mw [RS09]-262Kw
.. 2Mw
Disk pak [RP02]10Mw
DECtape N/A [550]-[555] [5504] [Tco2]-[TU55] [Tco2]-
-[5551] [TU55]
LINKS
Inter-Computer [195] DB97  DB98,99 DB98,99
To 7090 [150] 10Kw/s
Communications 8ch. up to 256 [630] 64ch. [630] 6lch.
[634] 8ech. [LT09] 5ch [LT19]
To other to PDP-T7 [DW15] to
computer busses PDP-9
TRANSDUCERS
Papertape reader std. 400c/s  std.300c¢c/s std. 300c/s std.300c/s std.300c¢c/s
Papertape punch std. 63c/s [75] 63c/s [75] 63c/s [PCO9] 50c/s [PC15] 50c/s
typewriter std. 10 ¢/s [65] 28KSR, [643] 33KSR 33 KSR, ASR 33,35, ASR,KSR




7/
Table § - OPTIONS

OF 18-BIT COMPUTERS

Card reader

Card punch

Line printer

Plotter

[421]200c/m [41]200¢/m
[40]100c/m [40]100c/m
[64]3001/m [64]3001/m

[421]200 or [CROIE] 100 or

1 Yy T 9
‘llb 10 c/s 12
CRT's.
pt. plot [30] 16"1Kx1K [30D] [30D] [30D] [VvP15]
[340] vector [340C],
plot
storage [34]Tektronix [34] [34] [34H]
storage
DMA [339]P.display [VT15]
with 340
. precision [31] 5" 4Kx4K
Alphanumeric [vTo5]

[CRO33] 200c/m

800c/m 200¢c/m
[410]100¢c/m -
[64]3001/m [647]300 or 6001/m [647]300 ¢
1000 1/m
[350] to [350] [3501,[x415]
Calcomp



./
Table.b - OPTIONS OF 18-BIT COMPUTERS

1 [ ¢ 9 15
Relays [140]18ch [140] 18ch [140]118ch [DRO9A] DRO9A
A/D [138/139])64ch [138/139] [138/139] 64 ch [AF02] 6uch
1000 ch [AFO4] 1000ch

D/A

AFC 15-analog

UDC 15-digital
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generations of logic technology. ¥t began in the early second generation

and extended to the early part of the third (large scale integrated

circuit) generation. Had the 18-bit computer series been extended to the
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25 multichannel interrupt structure and direct memory accessgqgnabled high
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The PDP-4 contributed in small ways! /Xfhere were minor improvements in the
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should be lower cost. I—alse extended the marketplace to industrial

control €which had not been possible at PDP-1's price levels¥, and improved

the interface capabilities. ¢€asc ok IT[O .Awrﬁcun‘«ﬁ.
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over a range of sizes. Finally)in order to extend the life of the machine,
latev

a number of improvements were made(to reduce price (memory, PDP-11 I/0) and

to increase performance (floating point, multiple processors).
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enhancements to increase the market life.

Price
Figure 31 shows that the price for the minimum system declined by more than

19 percent per year. The price of the average system has never been

properly analyzed, but roughly speaking the average price declined from an

initial cost of $250K for a PDP-1 to $65K for a PDP-9. Early PDP-15's were

sold at an average price of $75K, while the final average price was about
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$125K. It should be noted that the Teletype ASR/with built-in paper tape
reader and punch helped reduce the price of the later minimum 18-bit

computers.

'g\b‘, o =T s‘jsw.w\s o o o
The price of the peimary memory/decreased at a rate perhaps slightly less

Aecvease {ov

than the 12-bit computers ¢see-Eig. 32). The rate of/the 36-bit computers

was faster, perhaps reflecting an economy of scale. jﬁﬁf priﬁe decline eﬁ(yﬂa-glg of

—_— -

just 16 percent per year can be attributed to the fact that each subsequent
machine needed higher performance memories. -~Fre—result—was—that—the
hdenories were always implemented at relatively constant price with

Again , +he s anexcephonsit
increasing performance, p&%hep~$haa—$he—een¥€m4Wa;\PDP -4 [shows the effect of

bulding a low performance memory versus the fastest memory. While the

first PDP-4s were shipped with PDP-1 memory, the next machines had 8K-word B
memory systems that cost about half that of the PDP—1.xr;;:;;;;;;;;::;;g—__i
PBP-10_memory had operated at about—tMhz, and was designed not to meet
performance constraints, but-rather lower—cost-by economy of scale. (The

Performance

Performance (in millions of words accessed per second by the processor) is

shown in Fig. 33. showing a 29 percent yearly increase. Neither the PDP-15

nor PDP-4 fall on the line, since both were oriented to lower price, vather than

—instead—of increased performance. In reality, the PDP-15 later evolved to

have much greater effective performance when built-in floating point
Then

arithmetic was added. iba%ur"“msﬂﬂnnrtmuughs its real performance)e*cﬁedﬁd

pose on
%o the 1ineé This—penﬁbrmanoe—amounis—bé?;‘;actor of 2 to 10 for Fortran
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programs involving floating point) Midlife extensions of this sort were
o 18-bi+ Agsign
generally missing on the other(computers as‘resources went into developing new

me¥re processors.

Pri Performan

The perfgrmance/prlce ratlojrs a reasonable index for simple systems é;;:hm~w -
Fig. 32;4 This ratio has improved by 52 to 69 percent per year over the

ten year period. The—PB?=&—rs’£;:lexcepLi4ﬁ%:2;;;;e—whiLe-i%—wea%—éewn—in

price it _also-gave—poerer—performanee. A variant of this plot is shown in

Fig. 35 where price is plotted Jigzzixis the performance (in millions of

accesses per second by the processor). Dates are shown at each point.

ines of constant performance/price are separated by a factor of two (keep
in mind that if any measure changes by 41 percent per year, it takes two

years to move from one line to another. Conversely, a yearly improvement . o
LGRS gue Hae mavhomaics of $ha, 0v 1S

rf 26 percent takes three years to get double, ete.) .| Againy—note that—

gf L. puse/ ce put- e
ince the gain in Eh*eI§ZZEZF“1s at least 52 percen%, the 9.1 year
evolution crosses five factor-of-two lines. Only the PDP-4 stands out as

being on a line of constant performance/price. Qla-essenoe-qt was either

overpriced by a factor of two, or should have performed better by a factor

of two for the same pr'ice{.

view of the market depdnd for 18-bit computers.

Market Demand

Figures 36 and 37 present

These two plots show two viewd\of what is beifig marketed. Are computers
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to the first curve; it appeaks that we are &imply selling computers at a

_ ) elasdicivy of
given price, and there is a complete #e demand. Somehow, simply by

being the first, more PDP-1s wer old than any of the other machines.

Alternatively, there was o (perhaps, fortuitous) order for half of all the

PDP-1s sold, and in r ity only 20 mig otherwise have been sold.

MO“"

Alternativelsq, the standard price-based deman curv?l?ay not be correct.

Computer's may be regarded like power generators: and for them is based

on the amount of work they can do per unit of cost. (This would explain
why roughly the same number of both PDP-1s and PDP-Us were sold.) Note
that more PDP-9s and PDP-15s were sold than the curve would have predicted.
This—is Because both machines had longer lives before successors were
a
introduced, and_hence did-net—have arbitrarily-shortened lives.—{(4 better
ovAinote

measure—of _demand might be the maximum number shipped in any one year, whith woul
tak&ng into account other marketplace limits. ; Because of the relatively

eviain Shrwngin oF
large number of variables that cJL—be—eva}aated (size of DEC, kthe economy ,

market maturity, etc.) it hardly seems worthwhile to try for more insight

from what s probably quite weak deta. These—plots-should simply-be—

regapéed—as—ppoviding_inLg*_§§;gg__gs1ghh**fand_anbas;s_iluL4ﬁxxuﬁfuagxr
[556 s the Mechibn e Mevmanol <4 5 e Ko ¥ Wt

Aifos tue diicssss metits Z“”“”"’/ﬁwﬁ

Other Characteristics
whith has not been )
Table 4 has other data that—could—be plotted. The input power (with the

exception of PDP-U4) is constant over all implementations. The weight is

correlated with size €vorume—imecubic feet) reflecting a relatively

constant weight per bay. The volume has declined With time)consistently P which vedlects

peflecting improvements in packing density. In this respect, the PDP-4 was

The PDP-7 was better %hemr the

a better implementation than the PDP-1.
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e
BBR=d in kigh packing density than eitherkPDP-1 or PDP-4. The PDP-9

E??)
improvement in implementation used the same logic as in the PDP'Z PDP-15
achieved its volume reduction using integrated circuit technology. The

weight/$ appears to have risen and is correlated with inflation. Power and

weight density measuﬁﬁents are given in the table together as are several

ratios involving cost, weight, power and performance. Note that
).

measurement of performance changes mos?‘ The calculated mean time between

failures has declined by over a factor of two between the PDP-1 and PDP-15.

-----‘--.___.__‘
X

The reader should compare the implementations.} Of special interest is the '

Eumber' of logic module types and power supply types. [With the exception of

IPDP -1, all required about 5000 sq.in. of prlnted 01rcu1t board area. The

v =
(_M?’ oy S

bit slice approacq added ,two speclallzed \\ ———t

7 e . = moveovey | \L
@§§EE§§Z~E%E§§§ p0331ble a maJor reductlon in backpanel 1nterconnectlons,J“"*”“°t ¢

All subsequent implementations used the bit slice approach with a few

special purpose modules. S1m1LanLrrJLuL4dL;n%egf&%aiﬂ:nwnnizriﬁ”fhe
PQP-J&,nesulted“in,ano%herlmajcr~redugtion4in—the’PDP:T5+s—sIZET—-ﬂii—ﬂﬂ;4*“P@&wq”d"5

i

required_abeut-;hewsamfrfnnnber*of~explanatory<logicwdiagxzmuaqandcﬁll had
about 40 different logic types, although the PDP-15 had 54 types.
number of part numbers and relatively low cost per module meant that the

cost of a complete package of spare modules for a computer represented a

small fraction of the price.

Options

Table 5 shows the options available for the various machines. Note that
 the sense of ...

PDP-1 was relatively completié and Shbsequent machines followed the PDP-1

fairly closely. PDP-1, 4 and 7 were relatively compatible and slowly
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evolved the same set of options. PDP-9 changed to an I/0 Bus structure se
ey faces o L bhat ’
requiring new optionl[and \Aile PDP-15 used theﬁsame I/0 Bus structure and

signals, the voltages were different: of— Again mew

)

"“HI&LQS wev V‘CCIWI;EOL

|- logie optionsk Bﬁsplays have been

wtonghswt +he sevies.
major options|. :

lable on +he POF-IS,

e Moving head disks -added. weve WS+ ava

Although a number of card options were available, few were sold.

Evolution e .

While the 18-bit computers evolved gver both a wide price and performance

range, they must be contrasted with the clear evolution of the 12-bit
computer whose evolutio quite clearly based on decreasing price.
The 18-bit evolution has \been neither decreased price (providing larger and
newer markets) nor constany prife with much greater performance, but rather
a combination. The PDP-11 Nas/evolved to both increased performance at

constant price and constant pgrformance (or even decreased performance) at

decreased price.

of the (price-performance) road design.

T { \ A evxjoj\’ﬁ‘ b"s *"\L
of desigyers or architects @w(other DEC

made by a member of the previous

(»9,_gb¢m w—»t‘*k A "¢ow4'.,...\,.’+‘j e

The 18-bit series has been
g

A

e .
Nor has it had QLQODtiHUlt
machines. Each implementdtion has bee

implementation group¢ [GIR & hun

/
The PDP-15's identity %ame up clearly in the\face of a 16-bit word length

competitor. The PDP-A1 required more IC's to plement, but because the

PDP-15 remained packAged in a large cabinet with ‘small modules (and few
/

IC's per board) veqéus a small metal box structure,\the cost did not

/

decline rapdily eﬂbugh to be competitive with the metal-boxed minis. On
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the other hand, some felt the market demand was only for 16 or modulo (8)

bits. As a result the 18-bit chines are no longer manufactured.
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3(\4\!\9,\f
Several people helped get the data tegether for this paper and critiqued

}its design: Dick Devlin, Dick Best, Carl Noelcke (reliability
calculations), Jack Shields, Don White, Don Zereski, Craig Mudge, and Earl

Cain. Mary Jane Forbes and Louise Principe deserve thanks for typing the

numerous drafts.
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V
i
l

'I' 4 T 9:9/L 15
Project start;  8/59;11/60 11/61;7/62 1,,5q;12/64 ;8/66;-,12/68 5/68;2/70
first ship
Goals cost;short cost speed; cost speed; cost; cost;range of

word length; producibility machines, hondussne |
speed hdw/sw—sy8+—
tmproved WML W
Applications lab contr'ol”, process contvl; i % graphics ‘gcomputatlon,--...,
grow+h message . rt: Shaving e #graphics
switchj time- indusgbtest— processing
sharing de¥<= ing
S Cﬁ}Mﬁ' i ';\M(a,ko(, CI"’C«,I‘?J)’
Innovation/ okt-use functional package'& microprogr Eifsey
improvements package; ISP; (bit slice) modules, I/0 BYS Bus floating
interrupts) modules; ISP  perfoimance point;
direct memavy trend to multiprocessor
access;i{p mini; 3 cyecle
inter'f‘accq‘S DMA; i/o
b interfacewg
Popev Tape Qaao(u,/ ease
Price with/Rew, 120 65.5(56.5) 45 25+;24.4(19.9)  19.8(16.2)
Pumdl\%eh Type,mku
4 Kword MP
Prlce/Mp word 7.32 3.66 3.99 2.193;1.95 1.7131.32
MTBF (hrs.) 2800 - - - 5400
Mpg cycle time 5 8 1.75 1;1.5 0.8
Mp acces?¢sec 0.2 .125 .57 1;.67 1.25
m (M iows)
§ Multiply/divide 25/40 4.4/9 4.5-12.5/12.5  4.5/4.5
£ time (microsee- )
pAALL
by 4

\/Mpl;i)z’e(Kwor'ds) 1,46...,65  1,4,8,...,32 4,...,32 8,4,...,32 y, .., 131

Bits accessed 30(.033) 34.5(.029) 227(.0044)  T14(.0014) 1135(.00088)
per sec/$
Perf/price 1.1 6.6 3.1 1T
improve*
Price imprové‘ 1.8 1.45 1.8 1.3(1.5)
Perf improve! .62 4,57 1.75 1.25
Product Life Yy 3 4 4 7

.Number‘ produced 50 45 120 (1652)  Uu5 790

*
Power (watts) 2160 1125 2100 2000 2875

X* O yen pv
'

Table 4 -

1

CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

Ve

o) ?0(0"‘.(4

oY




Table 4 - CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

1 4 T 9:;9/L 15
.Weight (1bs.) 1350 1030 1150 790 750
Size(ingeb9"x21" 4 2 3 1.5(special) 1
x28" bays)
Vol.(cu ft.) 94 47 70.5 36 23.5
Power dens. 22.9 23.9 29.8 55.5 122.3
ﬂ@atts/cu.ft)
Wt .dens. 4.4 21.9 16.3 21.9 31.9
z@bs./cu.ft)
Watts/$ .018 SO1T .0u6 .08 15
1bsa 7% .011 .016 .026 .032 .038
KBits accessed 1.6 1.1 4.9 9.0 7.8
per watt
KBits accessed 2.6 2.2 8.9 22.8 30.
per 1b.
KBits accessed 38.3 47.9 146. 500. 957.
per cu.ft.}K
\ 4.4.,\,\,.;«»\4" CD\«P’*‘W L~ olledle Soukmaodany v
.Logic technology sat,MADT €=b- gates; sab~trans. 7400, THHOO Series
transwaites diode transystors R
Moduwle Sevies \000 M |
Logic speed(Mhz) 5, .5 1,0.5,5 104145 10,1 10,20
Module size 5.25x4=23 5.25xU4=22 2.25,5 2.25,5,10 same
(x 3.875); (x 3.875) |
# power supply/ 8/4 4/2 9/4 1/1 1
# types
# modules/ 544 /34 236/41 614/39 644 /4y 300/54
# types
# transistors, 3.5K,4.3K - - - 350,200, 3. 4K
diodes, IC's
Modules space 18x25 6x25 12x32 8xuly 4x32
Pe
Modules space, 3x25 3x25 - - 4x32
I1/0 Interface
Modules space, 3x25 3x25 8x32 8xll 7
RdrPeh;Typ~
‘ v‘»&j““j;“f '2&??\’1” )
Modufes'space, 4x25 4x25(8K) 3x32 3x4y 4x32

4Kw Mp




Table 4 - CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

1 4 7 9:9/L 15
Total Logic 11.9 5.2 5.3 546 3.4
area(sq.in xK)
Processor area 8.9 3.3 3.3 3.1 2.1
#) logic prints 18 16 27 By /2=22 75/2




Table 5 - OPTIONS FOR DEC's 18-BIT COMPUTERS ﬁw g

*

1 Yy T 9 15
yPU OPTIONS
Multiply/Divide Std. [18] EAE (1771 EAE opt,flt.pt.
opt.
Priority 1ch.std.; 1ch.std. 1ch.std 1ch.std;8 opt. 1ch.std;8 opt.
interrupt [120]-16ch; [172] 16¢ch;
also 256ch.
Direct Memory (19] 3 ch. 1 std.j [173]1 3 ch. +1 to mem.(std.) up to 64
access 3 opt.
Clock yes 1 std; opt. opt. opt.
[132] 16 ch.
Power failure N/A std. - - opt.
LkATOAT\ LKA 7047
Memory protect — Mk—bleeks none [KA TOA] ~same- same
ey base &
q Kornd bounds
Ms Core ima;cs
Magtape (prog. [51]-[50] [54]-[501]
control) 200 b/i 200 b/i
Magtape (DMA) [52]-[50] [57A]-[50 or [5TA]-[50 [TC59]1-[TU20] [TC59]-[TU20
[510]-[1IBM 570] 556 b/i or 570] or TU30]
@ 729]
Drums [23] [24] 16Kw [24] 32Kw 32Kw. . . 52UKw
...65Kw ... 131Kw
Disks N/A [RS09] 1Mw [RS09]-262Kw
«. . 2Mw
Disk pak [RP02]10Mw
DECtape N/A [550]1-[5551] [550A] [TC02]-[TU55] [TCO2]-
-[555] [TU551]
LINKS
Inter-Computer [195] DB97  DB98,99 DB98, 99
To 7090 [150] 10Kw/s
Communications 8ch. up to 256 [630] 64ch. [630] 64ch.
[634] 8ch.  [LT09] 5ch [LT19]
To other to PDP-T7 [DW15] to
computer busses PDP-9
TRANSDUCERS
Papertape reader std. 400c/s std.300c¢/s std. 300c/s std.300c¢/s std.300c/s
Papertape punch std. 63c/s [75] 63c/s [75]1 63c/s [PCO9] 50c/s [PC15] 50c/s

l‘w DEC'W qgmwmm g,«w—(,‘,\ M"W Ao e ts y €9,

[v] . ===

e



Table 5 - OPTIONS FOR DEC's 18-BIT COMPUTERS

1 4

T 9

15

PPE plothing

storage

v

|7
,§ DMA
\
|

CRT#s.
|
l
l

precision

Le.
Alphanumeric

—
Card reader

| Card punch

Line printer

’ .Plotter‘
!

Relays

A/D comaraiin

D/A comaraiy

std. 10 ¢/s [65] 28KSR,
10 c/s

[30] 16™1Kx1K [30D]

[34]Tektronix [34]
storage

[31] 5" 4Kx4K

[421]200e/m [41]200c/m

[40]100¢/m [40]100¢c/m
[64]3001/m [6413001/m
[140]118ch [140] 18ch

[138/139164ch [138/139]

[643] 33KSR 33 KSR, ASR

33,35, ASR,KSR

[30D] [30D] [VP15]
[340] vector [340C],
plot
[34] [34H]
[339]P.display [VT15]
with 340
[VT05]
[421]200 or [CROIE] 100 or [CRO33] 200c/m
800c/m 200c/m
[410]100¢/m -
[64]13001/m [647]300 or 6001/m [647]300 or
1000 1/m
[350] to [350] [350],[x415]
Calcomp
[140]18ch [DRO9A] DRO9A
[138/139] 64 ch [AF02] 64ch
1000 ch [AFO4] 1000ch

AFC 15-analog
UDC 15-digital
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It is useful to compare the five 18-bit computers designed over the course
of roughly ten years. The sixteen year period of shipments spanned two
generations of logic technology. The series began in the early second
generation and extended to the early part of the third (integrated circuit)
generation. Had the 18-bit computer series been extended to the (large

L1

have been easily implemented on a single silicon chip™

l scale integrated circuit) fourth generation, a version of the PDP-15 could
Table 4 gives the characteristics of each 18-bit computer.
|

PDP-1
' The PDP-1 had a number of innovations over its laboratory predecessors, the

| Whirlwind and TX-0. It contributed extremely straightforward I/0

interfacing capability together with a multichannel interrupt structure and

: direct memory access capability which enabled high data—rate I/0 data role . +z
_transmission: These characteristics made it ideal for high performance i
laboratory applications. The PDP-1 also represented a major stepping stone _é

\

\

; in the early days of timesharing computers;'>fhe hessage switching B

’ application contributed significantly to its market success and motivated
the design of good communication interfaces in subsequent computers. Since
the PDP-1 served as a thorough test vehicle for the circuitry of the 15{¥§L’
series system modules, these modules were more suitable for their general
application in building digital systems. p [ort

e

/7 Ce . ""‘ g‘f Dor NA // C
/ r! {7- ﬁ\wc\\'t‘

ifThe single chip CM0S-8 (1977) contains n, 000 tran31stors the PBP-H used 3ISUD
my000 transistorsond U e ”ﬁ_‘_~4m_4 Had




,accessed by the processor was—uee}&nr

S e 3 .
" $his measure the PDP-7 PDP—M ratio was 4.57 and the PDP-9:UPDP-7 ratio
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PDP-Y4

ok

.

The PDP-4 contributed in small ways: there were minor improvements in the

t

ISP, and because the PDP-U4 was oriented to a much lower cost, some of the

)

modules were refined. The simplified logic design of the PDP-4 was a major

1

ot ¢ E‘.(' VL0

<
influency on the implementation style of subsequent computers. It also

1

¢

A

contributed the fundamental minicomputer notion that successor machines

A\

C

should be lower cost. Moreover, the PDP-4 extended the marketplace to

Y
e

X

[!- w d [\«\aL’\tn‘ )ﬂ( o4 SU’({';'('(‘

industrial control, which had not been possible at PDP-1's price levels,

{WV{LL'\,
andKimproved the ease of I/0 interfacing. T .

<

-7 and - EIE
The PDP-7 and PDP-9 families exploited a significant refinement in the L
wirewrap packaging technology. Although the circuits were based on the
early PDP-6 10 Mhz circuits, the more cost-effective and producible Flip

Chip package was used. Both machines had significant perfonnance gains

—p————— A — S .

over all predecessors. -Fer*%ne’ftrseesune— the number of words or bits
~ pea v Th o ki i

: - Using

formon @

was 1.75. Both gains were due to the use of faster core memories. The

(21T YN (S’Q"““(' . . s T X
PDP-9 used microprogrammed control, a«dubious_ch04ee—$1ven the simple ISP*vmwaW no )
dad wol neceS \‘r | 9 ){ ekl L\Sw . ) cos t ¢ b(((gr.: "‘»“‘:;1‘_5’1’1’.'(1 A S Lasauiy ‘\'\‘.'4, L)

The change to an I/0 bus structure in the PDP-9 distributed the I/0

interface to each option and so further reduced the basic cost.

he single chip CM0S-8 (1977%/conta1ns n,000 tran51stors' the PDP- 4 used
m ,000 tranSLStors ~ / ' P
y % . \_/(
m/ﬁ (\ s .‘:5{ './—/ ‘/’/
\ “ Y =P
Qw g\L Qw
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The use of integrated circuits provided an 18-bit series improvement; at
last there was a significant reduction in size, although the power
consumption did increase. The board area in the processor decreased by a
factor of three over previous implementations, where it had been relatively
constant at about 3000 square inches. The two major contributions of the

PDP-15 were the notion that systems include both hardware and software, and

that the machine would span a range of sizes. Finally, in order to extend

the 1life of the machine, a number of improvanents¢%§re made later to reduce
. o .
price (memory, PDP-11 I/0) and to increase performance (floating point,

multiple ﬁrocessors).

Length of Development Project

The duration of the projects generally increased with time, reflecting the
longer tooling time for increased production volumes. The PDP-4 is an
exception; it had the shortest design time because the circuits and
mechanical packaging were based on the PDP-1. The time between the first
few implementations waé:agbut two -—{@B+half-iife?} —

years. The final implementation, the PDP-15 was produced for seven years.
The early (too frequent) implementations were perhaps indicative of the
attention paid to low hardware cost and performance, rather than to

application and software enhancements to increase the market life.

Price ',ﬂ"

i /
. / .
Figure 31 shows that the price for thepm;g;mumrsystem declined by more than

£

~

19 percent per year. The price of the average system has never been
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properly analyzed, but roughly speaking the average price declined from an
initial cost of $250K for a PDP-1 to $65K for a PDP-9. Early PDP-15's were
sold at an average price of $75K, while the final average price was about

o
$125K. It should be noted that the Teletype ASR 33 (?fxwith built-in paper
) = Loder

o

[

tape reader and punch helped reduce the price of the Laten-minimum(18-bit
computers o= ¢

The primary memory price decline (Fig. 32) of just 16 percent per year can
be attributed to the fact that each subsequent machine needed higher
performance memories. Memories were always implemented at relatively
constant price with increasing performance. Again, the PDP-4 is an
exception; it shows the effect of bulding a low performance memory versus
the fastest memory. While the first PDP-4s were shipped with PDP-1 memory,
the next machines had 8 Kword memory systems that cost about half that of
the PDP-1. The price of the 18-bit memory systems decreased at a rate
slightly less than the 12-bit computers. The rate of decrease for the

36-bit computers was faster, perhaps reflecting an economy of scale.
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‘ Performance

shown in Fig. 33. showing a 29 percent yearly increase. Neither the PDP-15
nor PDP-4 fall on the line, since both were oriented to lower price, rather
than increased performance. 1In reality, the PDP-15 later evolved to have

much greater effective performance when built-in floating point arithmetic

;”/\
was added. Then its real performance (a factor of 2 to 101f‘or' Fortran

Performance (in millions of words accessed per second by the processor) is
|
|

programs involving floating point) exceeded the line position. Midlife
extensions of this sort were generally missing on the other 18-bit

computers as design resources went into developing new processors.

‘ Pr‘ice erformance
The performance/price ratio, a reasonable index for simple systems, is
. shown in Fig. 34. This ratio has improved by 52 to 69 percent per year
over the ten year period. A variant of this plot is shown in Fig. 35 where
price is plotted against the performance (in millions of ‘accesses per

second by the processor). Dates are shown at each point1.

Since the gain in price/performance is at least 52 percent per year, the
9.1 year evolution crosses five factor of two lines. Only the PDP-4 stands
’ out as being on a line of constant performance/price. It was either

overpriced by a factor of two, or should have performed better by a factor

of two for the same price.

Market Demand

In order to speculate on a theory of demand for small computers, two demand

Aemormsl
Q ~ curves are given. Figure 36 is thg/cl}ag,gic”tﬁwg curve: price of the
—" % )The lines of constant performance/price are separated by a factor of two
bl o o (keep in mind that if any measure changes by 41 percent per year, it takes
?‘\%ﬁ two years to move from one line to another. Conversely, a yearly

improvement of 26 percent takes three years to get double, etc.). {GBT give
i his, is it i ?
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‘ unit versus quantity. If we ignore the PDP-1, it appears that there is
complete price elasticity of demand. We offer two reasons for the PDP-1
anomaly. Twenty of the PDP-1s are accounted for by a single, perhaps
fortuitous, order for the ADX 7300 systems @g&. If we subtract this amount

we Ao

from the PDP-1 quantity,Athe second conjecture/ is-bhet sales were higher

than the model projection because the PDP-1 was first into the market.

An alternative to the above demand model is given in Fig. 37 where price

}

!

{ per unit of performance is plotted against quantity. This model is based

i on the thesis that computers are like power generators (or tractors):

’ demand is based on the amount of work they can do per unit of cost. (This
would explain why roughly the same number of both PDP-1s and PDP-4s were
sold.) Note that more PDP-9s and PDP-15s were sold than the curve would

‘ have predicted. Because both machines had longer lives before successors
were introduced, a better ordinate might be the maximum number shipped in

any one year, which would take into account other marketplace limits.

Because of the relatively large number of variables that pertain (size of
DEC, strength of the economy, market maturity, etc.) it hardly seems
worthwhile to try for more insight from what are probably quite weak

models.

N

[GB: Y?e section on demand is flaky; we should talk to anecBan?st be{gre
\ \ \ [ N |\

we diségss models. However the plots themselves are interesting:\\ﬁhat

\ \\\ / -

references' can we give?]

The lines of constant performance/price are separated by a factor of two
(keep| in mind that if any measure changes by 41 percent per year, it takes
two years to move from one line t6 another. Conversely, a yearly
improvement of 26 percent takes three years to get doublg,&E}c.). [GB: g%ye

the mathematics of this, or is it in Chapter 0?] ) ®9 ¥ b G e
Vgt Coulft g s 8

A

W
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ther Characteristics

Table 4 has other data which has not been plotted. The input power (with
the exception of PDP-4) is constant over all implementations. The weight
is correlated with size reflecting a relatively constant weight per bay.
The volume has declined, which reflects consistently improvements in
packing density. In this respect, the PDP-4 was a better implementation

than the PDP-1. The PDP 7 was better 1n packlng density than either the

— e plcl €O ”;t'(f» v perky
PDP-1 or PDP-4. The PDP- 9 1mprovement Ln—impiemenhahlgn-used the same
( 10 Mh= Lo el Wt Ko POP-Tan @0

logic as—in-the—PDP=7f22}+ PDP-15 achieved its volume reduction using

integrated circuit technology. The weight/$ appears to have risen and 'is

correlated with inflation. Power and weight density measurements are given

in the table together as are several ratios involving cost, weight, power

QA lfc"tw' 7

and performance. Note that-measurement—of perfonmance changes most[27] .o &

¥ . { 6 M'nvv.'-.«‘ et O o ,rzc,.x. n P g8 P L-u.

The calculated mean time between fallures has decllned by over a factor of

two between the PDP-1 and PDP-15.

-

il
(o &V
The reader shqgld compare the implementations. With the exception of /

]

}

PDP—1? all/;;;uired about 5000 sq.in. of printed circuit board area{’ The

bit slice approach of the PDP-4 made possible a major reduction in
LQJ‘ vw‘

backpanel 1nterconnect10ns/4npr@dywmaddzed two specialized modules. All

subsequent implementations used the bit slice approach with a few special
purpose modules. Of special interest is the number of logic module types

and power supply types. All had about 40 different logic types, although

o et -‘:—gs—-—-u&— ad r-ir,\‘( .—»-‘4,& - t\r\.

~
the PDP-15 had 54 types. Oﬁ»spee&ak—in&epest-18_bheunambep~eéL4ega£rﬁmm}uie»—

LH\Q‘\‘r ‘ ‘ 1, ‘"‘c““‘ el

typeswand—pewep supply types Thls low number of part numbers and

relatively low cost per module meant that the cost of a complete package of

T

. 7"

Co njw

spare modules for a computer represented a small fraction of the price. ot
.!.’,1_ CMOS §, Pracge 0o \ )
Tv (C\_) vFo 3 (H’ e LAnt o h Y (_,\ow{v,‘ O “nhf(r modade  Confiun
, ‘f’,‘l_b"' , ,(.i»r‘,"»- 2.0 ﬂ(

9 ', CosS ' (] 20N Vi e
s‘r(\ Cong %0 !‘k.t e raa CXr L (,(

oy
\

e A Ko eom—patr omples PVWU

'S

©

o

]

] /( e ﬁ;L\ ”‘”"1\(‘,
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" ¢ .
‘\ /99“‘f,’l'.\ (2 (oY CR 1 's

Options ‘”(M“M‘U Lua,t

Table 5 shows the options available for ‘the various machines. Note that

, el .. r
’!f.r’l QX2 . Con (x‘.‘ ot [ »{d Sk o

PDP -1 was—fe}a%ive}y—canp}e%e—ea—%he—seﬁﬂertﬁ%:. Subsequent—machines—

i

»fol}owed—tnﬁ—PDP‘T‘fairl;Lclosely, PDP 1, 4 and 7 were relatively

\r\'{"fr_g"
and stewly evolved the same set of options. PDP-9 changed to an
Hy o ,[,) S

I/0 Bus structure, so requiring new option interfaces. While PDP-15 used

compatlblel

that same I/0 Bus structure and signals, the voltages were different; again

new option interfaces were required.

Displays have been major options throughout the series. Moving head disks
cad
were first available on the PDP-15. Although a number of card options were

Do y s (, Yo oo
available, few were sold, (lefloc fo s time, Lolorre ! |

oT: a > A [ Y. =lhe . A . { a3
N \] D)V |('av/",,. { l-:»{‘,,'f' 1\ LA Al {Aa-., o

Evolution
We conclude this chapter by relating the 18-bit series evolution to the |
model of minicomputer evolution presented in Chapter 1. Three design
styles are dlstlngu1shed in the model, as can be seen in Fig. 38. .As—we™
shall—see—in-Part IIIF the 12-bit family (PDP-8) evol$éd~eea;;;£éa%&y along
the decreasing price curve. The 16-bit PDP-11 family, presented in Part

lo,n/.e .
IV, evolved with all three design styles.

For a family to evolve in more than one design style, design resources must
be available for parallel development efforts. The PDP-11 family has had
the multiplicity of designers and architects to do this, the 18-bit series
ded

has not. Each new implementation has been designed by a member of a

previous implementation team. For such a single-thread approach to be

successful, it appears that one of the three design styles of the evolution
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Wil Ho axcsy N PP

model must be»qhosen and consistently followed. Iﬁsﬁeaéy the 18-bit series

has followed A middl et el roht style: price-performance.

It appears that a clear identity is needed to guide design decisions.
~ { 37"“05 [l :(;/"!%" me (j&,l ') 25 e

Consider the physical packaging of the)PDP-15. Although a comparable-speed
TCs
performance PDP-11 requireé more i-e<*s to implement (the PDP-11 has more

modes of addressing, more instructions, and more data types) the PDP-15

processor costs more. The PDP-15 remained packaged in a large cabinet, it

D -
o Cowpo) Heo DP-11

used smaller modules, and its iwe-~ density per module was lower. Had the

evolution been identified as consistently lower cost;'métal box packaging

wand

would have been -set—as-a-stringent-goal. As it was, the PDP-15 had to
QLom ‘Liﬁ
oomﬁgre againsgt the PDP-11 with the handicap of an extra level of

integration in its physical packaging.

A
o A
2

we DEC lateanms ' '
In addition, some-product—planners felt that the market demand was only for

16 bits or higher multiples of 8 bits. As a result, the 18-bit machines

are no longer manuf‘actur-ed}, [GB: or designed}—

3
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| FIGURE 38 (attached) ?C/
Project start; 8/59;11/60 11/61;7/62 4/64;12/64 ;8/66;-,12/68
first ship
Goals cost;short cost speed; cost speed; cost;
word length; producibility
speed
Applications lab control; process improved graphics
. message control; time-
switching; industrial sharing
timesharing testing
Innovations/ circuit use; functional package; micro-
improvements package; ISP; (bit slice) modules; programming
interrupts; modules; ISP per formance I/0 Bus
direct memory trend to
access; i/o mini; 3 cycle
interfacing DMA; i/o
ease interfacing
ease
Qice with 120 65.5(56.5) 45 25+;24.4(19.9)

5/68;2/70

cost;range of

machines,
hardware/

software systems

numerical
computation;
graphics

processing

integrated
circuits;
floating point;

mul tiprocessor

19.8(16.2)



Table 4 - CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

1 y 7 9:;9/L 15

ﬁer tape

reader/punch,

Typewriter,

4 Kword Mp

Price/Mp word T.32 3.66 3.99 2.19;1.95 1.7131.32

MTBF (hrs.) 2800 - - - 5400

Mp cycle time 5 8 1.75 1;1.5 0.8

(microsec.)

Mp accesses/sec 0.2 .125 +«5T 1;.67 1.25
‘illions)

Multiply/divide 25/40 4.4/9 4,5-12.5/12.5 4.5/4.5

time (usec.)

(microsec.)

Mp size(Kwords) 1,4,... 158585904532 U;46004532 85l vy 32 4, o8.5130

Bits accessed 30(.033) 34.5(.029) 227(.0044) T714(.0014) 1135(.00088)

per sec/$




Table 4 - CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

1 4 T 9;9/L 15
‘rf/pr'ice - 1.1 6.6 3.1 1.7
improve#*
Price improve* - 1.8 1.45 1.8 1.3(1.5)
Perf. improve* - .62 4.57 1.75 1.25
|

Product Life Y 3 4 4 7
Number produced 50 45 120 (1657?) 4ys5 790
Power (watts) 2160 1125 2100 2000 2875

’ ‘ight (1lbs.) 1350 1030 1150 790 750

\

1 Size(in.69"x21" U4 2 3 1.5(special) 1

x28" bays)
Vol.(cu.ft.) 9y u7 70.5 36 23.5
Power dens. 22.9 23.9 29.8 55.5 122.3
(watts/cu.ft.)
Wt .dens. 4.4 21.9 16.3 21.9 31.9
(1bs./cu.ft.)

! Qt@/aﬁ - .018 .017 .046 .08 +15

%¥over predecessor N




Table 4 - CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

1 Yy T 9;9/L 15

.unds/$ .011 .016 .026 .032 .038

KBits accessed 1.6 1.1 4.9 9.0 7.8

per watt

KBits accessed 2.6 2.2 8.9 22.8 30.

per 1lb.

KBits accessed 38.3 47.9 146. 500. 957.

per cu.ft. x K

Logic technology saturating capacitor- saturating 7400, THHOO

MADT diode gates; transistors series
. transistors diode integrated
transistors circuits

Module series 1,000 B M

Logic speed(Mhz) 5, .5 1,0.5,5 105,1,.5 10,1 10,20

Module size 5.25x4=23 5.25x4=22 2.25,5 2.25,5,10 same

(x 3.875); (x 3.875)

# modules/ 544 /34 236/41 614/39 o4l /4L 300/54

# types
.tr‘ansistor's, 3.5K,4.3K - - = 350,200, 3. 4K

-* over—predecessor

/’/\
wo A S\(\U\“ w /\
\';\\”\'\ e ,/\),c';

gs \'f',‘,fl\
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Table 4 - CHARACTERISTICS OF DEC's 18-BIT COMPUTERS.

1 Yy 7 9;9/L 15
‘iodes, IC's
# power supply/ 8/4 4/2 9/4 1/1 1/1
# types
\
Modules space 18x25 6x25 12x32 8xU Y4 4x32 |
Pc
!
|
\
Modules space, 3x25 3x25 - - 4x32 |
I/0 Interface
|
Modules space, 3x25 3x25 8x32 8xu4Y 7 ‘
Reader, Punch, ‘
‘pewr-iter' |
1
Modules space,  Ux25 4x25(8K) 3x32 3x4y 4x32 ‘
4Kw Mp ‘
e, Mp, 1/0
Tobal Logic 11.9 5.2 5.3 5.6 3.4
area(sq.in xK)
Processor'"a'r“ea 8.9 3.3 3.3 3.1 2.1
Logic prints 18 16 27 44 /2=22 75/2




Table 5 - OPTIONS FOR DEC's 18-BIT COMPUTERS#*

1 4 7 9 15
TIONS
Multiply/Divide Std. [18] EAE (1771 EAE opt,flt.pt.
opt.

Priority 1ch.std.; 1ch.std. 1ch.std 1ch.std;8 opt. 1ch.std;8 opt.
interrupt [120]-16¢ch; [172] 16ch;

also 256ch.
Direct memory [19] 3 ch. 1 std.; [173]1 3 ch. +1 to mem.(std.) up to 64
access 3 opt.
Clock yes 1 std; opt. opt. opt.

[132] 16 ch.
Power failure N/A std. - - opt. |
|

Memory protect 4 Kword none [KA T70A] [KATOA] [KATOA] |

core images base &

bounds

Ms
Magtape (prog. [511-[50] [541-[501]
control) 200 b/i 200 b/i
Magtape (DMA) [521-[501] [574]1-[50 or [57A]-[50 [TCc591-[TU20] [TC59]1-[TU20

[510]-[IBM 570] 556 b/i or 570] or TU30]

® ..

The DEC-assigned option number is given in square brackets, e.g., [177].\>&

VAL oure
Y Ao

i P &Con

L o o e e S S I AL SRS




Table 5 - OPTIONS FOR DEC's 18-BIT COMPUTERS*

1 4 T 9 15
‘uns [23] [24] 16Kw [24] 32Kw 32Kw. . .52 4Kw
...65Kw .o« 131KW
Disks N/A [RS09] 1Mw [RS09 1-262Kw
.« 2Mw
Disk pak [RP02]10Mw
DECtape N/A [550]1-[5551 [550A] [TC02]-[TUS5] [TC02]-
-[555] [TU55]
LINKS
‘ter-Computer' [195] DBIT DB98,99 DB98, 99
To 7090 [150] 10Kw/s
Communications 8ch. up to 256 [630] 64ch. [630] 6uch.
[634] 8ch. [LT09] 5ch [LT19]
To other to PDP-T7 [DW15] to
computer busses PDP-9
RA ERS
Papertape reader std. 400c¢/s std.300c¢/s std. 300c/s std.300¢c/s std .300c¢/s
Papertape punch std. 63c¢/s [75]1 63c/s [75] 63¢c/s [PC09] 50c/s [PC15] 50c/s
.ypewr'iter' std. 10 ¢/s 33,35, ASR, KSR

[65] 28KSR,

33 KSR, ASR
&—L1771).



Table 5 - OPTIONS FOR DEC's 18-BIT COMPUTERS#*

1 - 7 9 15
'I'Aﬁ 10 ¢/s

CRTs.
point plotting [30] 16™1Kx1K [30D] [30D] [30D] [vP15]
S" HKkx4k [340] vector [340C],
21" Cofov
plot 1
storage [34]Tektronix [34] [34] [34H] 1
storage
DMA [339]P.display [VT15]
with 340 ‘
.precision [31] 5" UKxUK ‘
alphanumeric [VTo05]
Card reader [421]200c/m  [41]200c/m [421]200 or [CROIE] 100 or [CR0O33] 200c/m
800c/m 200¢/m
Card punch [40]100c/m [40]100c/m [410]100c/m -
Line printer [64]3001/m [64]3001/m [6473001/m [647]300 or 6001/m [647]300 or ‘
1000 1/m
Plotter [350] to [350] [3501,[x4151]
Calcomp
The’DEC:5§§IgHGT7ﬂﬂTRHTTHEKKuL4£PgiVeH—iﬁ-§ﬁﬁ5F§—5F55E§E§T7§H§T7~£lIL1;*#
A, e
v

SRR




Table 5 - OPTIONS FOR DEC's 18-BIT COMPUTERS*

1 Yy 7 9 15
‘lays [140]18¢ch [140] 18ch [140]18ch [DRO9A] DRO9A
A/D converter [138/139]164ch [138/139] [138/139] 64 ch [AF02] 6lch
1000 ch [AFO4] 1000ch

D/ A converter

Phe DEC=assigned optionnumberis-given in—square-brackets, e.g.,- [1773—==

AFC 15-analog

UDC 15-digital





