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INTRODUCTION
I shall attempt to explaln what Super Foonly is a|| about to those
having only a know|edge of the DECsystem=10 (alias the PDP= 1g). This
description may well Inciude some DEC-centered bias, since Its

aythor'’s salary Is being pald by the aforementloned computer
manufacturer,

Super Foonly Is touted by 1Its designers (primarl|y Messars, John
Holloway, Ed McGulre, Ted Panofsky, Phl| Petlt, Dave Poole and Fred
Wright Ealphabetlcal|yl) as a replacement for the KALZ whloh runs ten
times as fast, It ls being designed at the Stanford Artificlal
Intel|lgence Laboratory, funded by the Advanced Research Projects
Agency of the DOD, As of this time (25 May 72) the desion ls not vet
comp|ete, The designers estimate 2 to 3 months more design effort,
but ! would double that estimate without much fear of beling toe
short,
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GENERAL DESIGN APPROACH

In order to achleve the deslired sgpeed-up fagtbr. severa| new
approaches were taken In the design, The oprimary departure from
traditional DEC designs is the Inc|luslon of a 2048 word high speed
"cache" memory In the processor, Stanford simulations indicate that
In excess of 95% of all| memory references will be Yound In the cache,
For those unfami|iar with cache memories, ! will explaln them in more
detall latep,

Super Foon|y conslists of several "boxes", al| physlcally located
within two falrly standard DEC 32" cabinets., The boxes Ipclude the
"I" box wWhigh prepares Instructions by dolng the effective address
calculation and doing the decoding necessary to determine the operand
requirements and fetchling those operands; the "E" pox which does the
exscution of the oomoutatlons: the "M" box which holds the cache and
memory mapping Hhardware; the "1/0" connectlon box whleh filiters aj|
170 memory operatlons; and the "IOT" box whlich performs 1/0 bus
opsrations,

The machine operates in a pipe=|ine fagshion, with all boxes ooaratlnp
ooncurrently, generally performing thelr various functlons on g
seauence of Instructlons, Through th]s means, It |s expected that
simple Instructions can be done in one or two machlne ocycles of 1zp
ns,» for an average Instruction time of, say, 200 ns, compared to
the >2 microseconds of the KAL1D,

The clroultry used Is Schottky TTL, generally known as "74§" serlos.
Most of the working reglsters of the machine are bul|t es "latghes",
conglsting of 2-2-3=4 and/or=invert gates and inverters., This schems
provides the fastest speed possible, whlle |osing some of the
convenience of D~type flip=fiops, Most of the boxes wuse large
scratchpad memorles, consisting partially of 74200 256 blit chlps, and
partlally of AMS 1503 128 bit chips where highepr spesd Is deslred,

Cirgults wi|| be mounted on quad=-helght, double width boards, In the
prototype, control loglc boards will be. wire wrapped, while data path
boards wi|l be printed clreult, There Is a possibi|lty that some
boards wl|| have both printed eircult and wire wrap,
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[ BOX DESCRIPTION

The | box prepares Instructions for execution, It contalins the
Program Counter (PC) and the accumulators, There |s only one block of
AC's (1lke the KALlP), however, there are 3 coples of them, There |s
also an Advanced PC whlch suppllies the addresses for the two possib|e
prefetched Instructions,

In operation, the 1 Dbox has the current Instruction in a reglister
called the [IR, The effectlve address Is calculated using one copy
of the AC’s whigh always supplies the XR, If needed, using an adder
reserved for this purpose, Another copy of the AC’s decodes the "ACM
fleld, whi|e the third copy supplles AC+1 or c(E) as required by the
Instruction, The Instruction part 1Is seant to the ! bex control
memory, which supplies what DEC calls the fatch and store cyc|s
switohes, as we|| as a starting address In the E box contro! memory,

Should the Instruction requlre memory data, a request Iis Issued to
the M box for the word required, In any case ths data |s presented
to the £ box for Its use as soon as It can take {t, The I box Is
usually freed to 9o about its business for the next Inmstructlion as
soon as the data !s passed to the E box, This frequentiy means that
the I box wil| have the next Instruction prepared In 1 or 2 cycles,
which overlaps with the typlcally 1 cycle taken by the E box to do
the execution,

Thepre are, or oourse, complications which make all of the above
decldedly non=trivial, Fiprst there Is the matter that the E box does
not return AC results until the end of an instructlion exacutlon,
Should an Instructlion use an AC belng modified by the oprevious
Instruction, 1t would normally take an extra cycle to wrlite that AC,
and make |t avallable agaln, so numerous comparitors exist to detect
these cases, and provide direct "loop-around" paths, where possible,
for the E box to use its outputs dlrectly, Another problem Invol|ves
conflliets petween words being stoped by the E boX In memory, and
either Instructions or data belng pre=fetched, Much halery logle
oxists to detect and provide for these cases,
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E BOX DESCRIPTION

The £ box, as mentloned above, actually performs the calculatlons.
It has a 512 word by 144 blt control memory whlch actually contro|s
Its operatlions, however bits of the Instruction register are used to
distingulsh between simi|ar Instructions. Thys, although It Is
claimed that arbltrary new Instructions can be microprogrammed, much
of the logic Ils closely tled to exlsting Instructlons,
Microprogramming wll| Ilkely be palnful even to a system wlzard,

The E box features such goodles as a complete 72 pit shift matrlx,
allowing ai|l shifts to be done In one cycle; a normailzer which can
rormallze floating point numbers in 1 or 2 cycles; an adder wlth two
complete sets of ALUs, such that one set has permanently true carrys
and the other has permanently false carrys, and the next mixer stage
selects begween them In 4 blt groups according to the actual oarrys}
and a 4 bit at a time myltiplication algorithm,

The maln E box data path clrculates thru 3 sets of |atches, although
there are ttmeg when the cycle Is thru only two |atch registers, The
way thls works Is that while the date Is being held In the first set
of latches, the second set s opened to recelve data, _The second set
Is then locked (or latched wup, if you prefer), Its inputs are
dese|ected by Inverting the hold signal, The flrst register Is then
unlatched, and set to look at a funotlon of the second, After enough
time for all data to arrlve and circulate thru the |atches has been
allowed, the flrst latohes are |ocked up, followed by deselecting the
Inputs, and the cycle repeats,
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M BOX DESCRIPTION

The M box contalns the cache, the map and the Interface to core
memory, A|| memory requests In the system (!ncludln direct to memopy
devices) are fl|tered thpu the M box, as this Ya the only way to
avold sta|e data from accumulating In the cachse,

The cache conslists of 4 blocks, each containing 128 quadruple data
words and 128 address words for a total of 2948 data words, Locatlons
In the 128 word dimension are binary selected from bits 27 thru 33 of
the address, Words In the gquad=word slice are ge|ected by blts 34
and 35, Thus, independent of any high order address blts, 4 possibje
candidate words and thelr assoclated address words are sejected from
the cache, one from each block, Thegse address ords coentaln the
physical page number (bits 14 thru 27) of the auad 03 data words, The
physical page number from the map |s then simultaneous|y compared ¢o
the 4 se|ected address words to detepmine whether any of them match,
and |f so, the data from that partlicular word |s se|ected,

The map is reminiscent of the BBN map, In that |t has hardware
provislons for Indlrect and shared pages, and bits which tel! whether
e partliculapr page has vet been referenced or written into The map
takes 14 address blits In (blts 13 = 26) and gives 13 Dhysica! addpress
bits out, which are the physics| page number mentloned above, The
high order 5 virtual address bits are provided by the "extend mode
feature, which causes Indirect and indexed references to use bits 13
= 35 as addregs blts, and bits @ =~ 4 as the Index and Indirect flelds
of Indlrect words, Thls mode |s under user contro|,.and cgn also be
entered for a singie instruction by a speclal exscute instruction,
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1/0 and 10T Boxes

Words golng between direct memory access channels and memory are also
checked agalngt the cache to insure that the cache copy of any glven
word does not get stale, The memory cyc|es negessary for 1/0 words
are stl|| taken from core thru thelr own memory busses, Slince onjy
one cache cycle is taken for every 4 words, even a2 2 microsecond per
word transfer device uses only one caghe cycle out of 80, The buffers
and Interfaces for this purpose constitute the [/0 box,

Control of the 1/0 bus |s maintained by the 10T box which oan run
concurrently with the other boxes, Super Foonly has most of the KI1p
1/0 bus features, Requests for Pl DATAl’s and DATAO’s are handlied by
the 10T box wlithout disturbing the maln Instruction stream, except
for the necessary cache cycles,
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