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Abstract

The SCALD physical design subsystem s deteribed. SCALD
supporte the attomatic constiuction of ECL-16G lozic ot wire wrap
cauds from the output of a hlerarchical dNiyn system. Results of dts
use in the desipn of an operational 15-MIFS b500-chip processor are
proseated and discussed.

I Intradiyction

The &-1 Strcunned  Computer-Aided  Legic Design System
(SCALD) hias bern used to design and implement an operational,
15-MI15, bY0-chip, ECL- 10K prozessor. The SCALD systom has
been described in a companion pager, SCALD: Sruztured Computer-
Aided Logic Design, and it is recumnicnded that that paper be 1ead
i
SCALD supporis a design pracess which is separated Into Jagical
and phyucal desipng the logical design is relatively independent of
the detailz of pachaging, but the physieal desigm deals cxphcy.‘" with
puckn;‘in'- couzderations. The Macm Expander s used jor the
cgical desipn, and is applicable acress a bread range of technolognes
and ccl\n!,mg techniques, but the Vire Lister 15 used {or physical
desiens and is speaialized to handle a maniow range of congpanent
techinolopies and physical designs essenzially only hroad chotgh to
inclade  the  chjct machine  desrbal i Section 20 This
specializancen of lhr’ Wire Lister was necessitatied by a desire to
coinpletzly implement the object mackine i a teaely fashicn in the
cuatexi of an initial step in the developmont of imore general tools,

‘The major goals in the design of the Wire Lister were:
K ik

- To allow the engineer to have cuntrol over
impottant and  difficult physical desizn derisions, for
exanple, the positions of chipy, while freding lim
from spedifymg details which ent-er ace nod irmporiant
or can be casily determined zitomatically, In (hi
regard, the packaging system was chosen @ iinimize
the number of physical design decisions which could
not be awtomated,

- o provide decumcintaiion which wenld sapport
debuyging and  mainteranes of a desipn specificd by
a structined macio langnage.

Sectisnn 2 deseribes the  objcl machine bullt  with
SCALD,  emphasiang  the  packaging  details. Sertjon %
evplains  the glbal structwie  of the  Wire laster. Secticn 4
through,  Seclion & detail  the  various  subprograms  within
the  Phynieal Demgn Subspstem. Nedion # summaiizes  oue
expericnee with the Wire Liser. Sucton JO outhars our idcas
about ways thal the Wire Lister should be naprovel,

2. Vhe Object Machine

SCALY it heen used o desiza an cperational precessot (rl'n s
The S-1 i imnlemented on 12 wir y by

board contuns 44 b -pin ce .|""'n th
fes nocominitied), and 500 |n(.|'-n eachy

pine, & =P pins, § pround lll\\ S v A
resistor SHY contammge 5 10U-Colun peu o (red Lo a u'n-ml n v
bus e plugsad dnts cach S deeauon prOVya tor

trmtnation. The =2 pin IC patterns are pockod 20a densi
fer OO square ieebics Speesal @4 pin agi ey plog i at y !
o the 1G paterns, Tach board micastres apgoov gl o8 mzhes hy

" terminated  with connecters plng into the conpectar pat

19 inches.  Fuch cuntaing threz power plenes, usedd for VGG, VT'T,
and VEE. Pin 16 of ecach 1C pattarn s soldorzd to VO, pin 8 1o
VEE. In IC pattsrns containing a DIP with muttiple jrounds, the
additional pins are grounded by soldering clips to the VOG plans on
the component side of the board.

Identizal boards are mutnted  in pages of {ear boards each; two
boards form one side of a single page, and  two Loasrds form U
opposite side.  Chips are mounted facing inlo the chaenel formed
by the two sidrs of a page. When (e spine cdge and ontside cdge
of a page are closed, the channel 15 closed, and (ans blow ait dow
lhmup‘h the rh.mno| over the chips. l-'.a':h page I3 independently
‘ ) - S

I|||Il wal gl .. A llh ERELE LI N RIS L RO LI ,lll_._.-\..' skt LIREILNEN :l,
cables wlnch nl‘c rnate prounds and signals  Long cables are twisted-
palr, while short cables are null.my flat-eable.  Qhe-pair cubles

boards. Tae layout of cables is spealied by sl dosign engineer,
and obeys rules whizh  allow aceese to any  pin in the machine
while the machine is running, without changing the zir flow or
cabling.

Figure 2-1 shows the processor cabinet  wili  the pages
spread. Figure 2-2 shows a page upen for IG replaceinent,

All runs (clectrically connestod  petwarks)  are routed  without
stubs {daisy-chained). The ends of cach seqm.d are placed at the
same level un the wivc-wrap pins. The LCL-I0K output may he
located anywhete along the length of the run, not necessasily at an
end. Fuch aun is termmated  at one or botiv crds with a2 109-Onm
resistor, Jnoorder to minmmize crosstalk, sonie seaments of rens oo a
bowmd are wited wiing twisted pair, where the shisld wire is civher
connected to twa VUG pins or s connected o the complemcenitary
signal. The shirld wires in cables are used in & simila: mannar.

8. Wire Lister Structure

Altheugh the assi: minent of physicat locations to werminzl patio names
fs aclu'llly a funcimm of the Mace Lxponder, it 15 dewrtbed here
since it is fopically pait of the Physical Desipgn Subsystem,

Phe Macro Expander anputs & hand-gincrated, Diork-stractaied
specification  of  the  mapping  from terminzi path names to
physicat focation: (LAYOUT), and the cxpanson order is I fact
detetmined by LAYQUT. The Macro !?.tpan-.l-_-r outjuts 3 list of
the conneesd peints on physical rons, which is nput by the rumcr
(R). R youtes the runs, produces the nrcessery n..un.-"\l"lrm aned

wire hats, and (-mpu't a board-state file  (NEWBRRDS).  The
praprams [TING aod 5.GO (Engincening h ange Order) are waed to

make im-:cmm:.d changes 1n the of a4 canstructed
machine, BREF profoces refercnce Nistings lor chechout, and TRIL
siiulates the eleco iral characterstics of 1

Fipure 3-1 shows the majpr lHuings  and  intermsdiste ke,
produced and vl by varjious meduies of the Wie Liser, 2nd
destiibes the fhow of data hetween paris of the Wiie Liver by simply
showing (e wiiier and reader of ecach fitx  Fipwme
31 atko shows the sizes of the mapn for the S-1
Precessor Geiign

4. Layout aggu~ge

the next
e on the

Once the hasde disii is expressed in the meaa lang
sen s to paitidn it anto boards, and e asapi lag
Lbonde to spcate claps, Ina convenfionid deagn syieen where all
of the Jopae s deawn oot the opic to fooon a sp o beead s
dravn ona sepazate sctoof prints, and cach oo ment 1s thon
lahrird with a ph Vhecrtion., I tie SCALY Davign Sysiem, tius
teehzdaua is oot pecsibide because not all of the logic Is Crewin ced, as
for that mater, » given thawing may generate byic whic
aurahcr of boards

* Work in part performed under the auspices of the U.S. Department of Energy under

Contract No. W-7405-ENG-48.
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Fiyure 2-1 Fipure 2-2
Procassor Cabirel Page Open to Change Chip

Lisling MWriter Rerader  Lines  Conlenlz

nces person R HINT 2000 Flectrical charastnrlsiics nf s,
[ {1R prrron R sin X ) whar acterlstirs ¢l coblas.

108 R R [T tr of signyle lo cables.
LeveuT toeemn HACEXP L1313 ut specifleatinn.

hp HRCLY®  prison N Layoul rops.

HC NeCF <P R 1666 Pins ol ricros which aro nol conntcted,
RUKS FRGEXP R IHINT 20068 Unrouted connerticn tist.

SuUitd R persen 2000 Su-sary ad stalistlcs fron R orun,
OLEURS R rorsen 140062 ) & Milhoul srrerg.

BEpRIGS R porsen H'n [th wrers.

NULLEUNSG R parson H/R l(. wa Mith no oulputs,

SOKT R parrson  27€Ch  Sorted lielr ol Lusns.

KEURRDS R £C0 FREF 70020  Hew state of atl Leards.

CcLDERDS P iy LCE 72938 Old clate of alY hoards,

T8I N R A4S K0 Characlerizalivng of runs.

RLAUT Al g KA Graphleal wauaforts.

PINs RETR Pestun 7RG Sigual nare conracting lo cach pin.
TCHL prey rarson  ADORR  Cheetoul listluys,

Fipure 81
Physical Desn Subsysiem Files




The layout language is used to specily the mapping between 1esminal
path names  and  physical  locations. Figure 4-1  shows  the
mapping for the fogic In Fygure 4-2, which Is put onlo twe
boards, and consists of 85 chips.

There are two basic stalements in the fayout lanpuage, the WITHH
stalement and the  assignment statement. The WITH statement is
used to specify That the logic inside & given macro call s (o be laid
oul next. It has the geunral syntax: -

WITI <ngical. lucation> AT <physical. locations;
<WITH and assignment statements to place contents of macros>
END;

where the <logcal location> is  the lopical location  label given in
the niawro call, and the <physical location> specifies a base location
for all the logic faid out inside the WITH staternert.  The
<physical. location> can specify a base board, row of a hoard, column
of a board, and sectiom of a chip, or can default any of these to be
ze10. For example, the location stung "B R2 C3 54" specifies a base
board of 1, row 2, column 2, and section 4. The board, row, cofumn,
and section can be given in any order. :

The assignment statement s used to place elther a terminal
component or a macro. I it is used to place a tenininal component,

drend G g w e G
<logical location> = <physical. location>;

When it is used to layout a macro, then It is of the form:
<logical. Incation> « <physical. location .vector;

where <physical. location_vector> spacifies a vecior of board, row,
column, and section tuples, which are assigned to cach component
generated by the maoo, in the order they are generated. The macro
is expanded In a depth first expansion, where the macro and
component calls in a given macro are evaluaied in alphabetical order
according to their logical location labels. The lacation vector is
sprcified by the use of an itaative notation. A given dimenslon,
where a dimension is cither a boaid, row, column, or seclion, can be
specified by the form "L(F,T.B)", where L ois a "BY, "R", "C", or "$",
standing for buard, rew, column, and section, and F, T, and I\ are
integers, which gencrate a sequence of vatues from F to T by B. The
increment may be defaulied to | by using the alternate form "1.(3",T)",
aud a sinple valie may be produced by writing "L" followed by the
value. A number of dimensions can then be specified with a space
between them, where they will be evaluated from right ta left, 1o form
a vector of location tuples. For example, the expression "I(1,2) B3
C(5,3-1)" evaluates ta a vector whichh has 6 location tupies, ((1,3,5),
(LA)L1,2,2)(2,8,5.(2.54)(2,3.3)), where each tuple specifies a board,
row, column, in that arder. In addition, a sequence of these location
specifiers can be given with a- comma between them, which are
evaluated from left to righl. For example, this fast expression could
have been written as "B R3 C(5h,3-1), B2 R4 C(h5-1)".

The first thing that is lad out in Figure 4-1 is the macro "%
BIT ALL 10181", which has a logical location label “A", and  a base
location at board 1. The next mactu laid out is then the "B REG
10176", with logical Incation label "R1" The clack fine of that register
is driven from the signal "RI'G CI BUF", which is generated from a
three-output gate, and has three physical versions. The layout file
then speafies that the common clack "CC") pin of the L0176 should
use version | of "RI.G CK BUF". In the layout specification of the
"aGB 101747 multiplexer, the first 18-bits are laid out in the high
form, and the last 18-bits are laid cut in the reverse form, using both
the true and complementary outputs on the 10101 gate to drive the
select lines.

5. Router

The ma jor function of the Router (R) is to sequentially roite the runs
contained in the list RUNS owput by the Macra Fxpander, and lo
produce all pecessary wire lists and assocgated decwnentation to allow
the debugging and maintenance of the vb ject machine.

A sample RUNS  file is  shown iu Figme h-1. RUNS 1Is
organized inio buses, which are vectors of runs, in order 1o - licw
the documentation to be organized into buses. Lach run consists of
a st of connected stops. Buses are sorted in elphatetical order,
and runs within a bus are in alphabetical order.  Fach stop

HITH 1t AT Ry 136 #1Y /LU 10141
0 r Rl C3;
1 e 12 C3;
Rl Gy
R2 Cbj
Rl C9;
k2 C9;
Rl Clz;
R2 C12;
Rl C15;
R3 €3y
R3 L7
R3 Cli;
R3 C1i5;
) 107 36 BIT ALU jelat

LI N I I )

DTOATDENOOCSNLIN

EN

Rl e Bl R3 C2 58
1 CC = 1}
R2 = Bl R3 C(4,6) S(¢,5),
Bl R3 €(8,18) $(0,5)
1 fiC = 2418, 3¢18&;
R3 = RI RS C(1,11,2) S(2,3),
: RL RS €(13,15) 5¢0,3)
Bl RS C8 50;
B1 RS €6 §¢0, 1)
#1 R3 CJ S6;
Bl R4 C(1,15) S8, 1),
BL R3 C(12,84) §€9,1)
7 118 L18;

Gl
62
€3

R

HI1TH CIL RY B2, IPROCE SSOR COHTROL
R : R(1,3) 0L, &)

e e DA, r8éd, ana

RL r Le8, 2+&, b

N2 = 118, 2738, J¢a
1R} 148, 2:8, 34b
f4 = 128, 208, &

Nf = 128, 2¢8, Jeb
7 = 138, 2u8, 348;

PV,

B
c
=

RS = o8, 2v6, 3¢8
L
=

€~ C1 RUL,2);

Gl- ©3 8 S0;

62 R3 CI0 Si;

63= R(1,2) C(9,100 See,1);
END; 1OF PROCESSOR CUNTKCL

END;

Figure -1
Layout for Simple Processor

represents a physical pin in the format
<TPN>{-<SEC:k<SKT><PART> <PIN>{[<VER >}

where TPN is the component's Lerminal pathname, $2C (optiotial)
is the section number within the component, SK1' is the sochet
naine, PART s the physical part name, PIN is the pin number
within the section, and VER (optional) 15 the version number for
the run connected to this pin,  The section numiber is assumed to be
zero if none Is given.

The RUNS file does not make reference 1o cables or /O pins. A
separate  fite, 10S, which can  either be  hand-generated  or
automatically-genei atedd, assigns 1/Q pins to runs. An exsmple of
108 is shown in Figute 5-2. 10§ assigns one conheclor  pun
of a cable toa runy; assignment of the connector pin on  the oppostte
end of the cable is implied by the GBLS file. If a run crosses
multiple boards, then 1QS assigns ene HO pin per board crossing, in
the order that the boatds are to be croassed.

R can allacate /O pins automagically, constrained only by the
avaitability of cables connecting the apprupriaie boards {specified In
the GBLS file). During automatic allocation, if a tun needs O pins
and has none assigned in 10§, R will seloct the best (in a measure of
totzl run length) srt of /O pins which connodd the appiopriate
boards, permancnily allocate those to the run, and output the
allecation to the 108 file. The rearch order is random over the
remaining fice 17O pmns in order to minimizing bunching.

O pin allocation, and indeed all other functions of T0 are purely
sequential and involve essentially one pass aver the RUNS file; no
decision is ever retracied.

The DEFS file is used to make the transformailon from the pln
number in RUNS to a DIiP pin number. An example from the
DEFS file 18 shown in Figure 53 For each [C type, DEDS
defines the power pins, and  [or each scrtion thows  the mappmg
ftamn pins of the sccuon ta [HP pm omenbers, For each pin,
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Fi, ure 4-2
Sunple Piocessor Macro

DEFS shows the clectrical characteristics including leakage currents
and rise  times, the  pin type (ep. ECL input, ECL centput,
diffetential inpnt, VBB, not connected), and  a fleld defining a
muemonic pin function. One pin from several different sections may
i ta the same DIP pin ntmiber.

Since 24- pin DIPS plug into thiee 1G patterns (on an adaptor which
in additions covers the positions raserved for two SIP resistor packs),
R containg a mapping function which maps 24-pin DIP pin numbers
and socket locations onto tiue physical prin humbers and socket
tocations.  Mappings for adaptors of other sizes or shapes can be
casily added.

R routes ecach  single-board  sectien  of  each Incoming  run
optiially arcording to 2 cost function which is presently tolal wire
length (under XY sepment routing), but can be varied considerably,
even o produce the mmimax  aim length  (where an antput
divides a run it two arms) wlhich is a goud approximaticn of
minimax delay.  The computational  cempiexity and taemory
requirement of the  routing algorithm s O(NZ*?") where N is
the number of stops. lor the §-1 Dlesigh, 4 2-megabyte 1BM/270-155
was used (o r-plmnl!) raute runs of up to 11 staps. The use of &n
algorithm which finds an oplimal route aceording o the cost Tunciion
has proven Lo be extiemely prudent. Since the class of valid outputs
of the algoithm can be easily under . 1t is convenient o
make nodifications of the algorithin Tor spu’c-al pwiposes.  For
example, Lecanse siubbing is not allewed, if a run has two /O pine
on @ board (ie. if a run goes theough a board), then the YO pins
must be on the eneds of the on-board eeetion of the run, Such on-
board sectrans aie ubtamed merely by cansttucting a8 non-synretric
distanee finction. Furthermore, when ratting to minimize changes o
a buard which has 2heady been wrapped, the cost function simply
diminishes  shihtly the cost of a seprent which connects  two
previously connected prs.

After routing, R allacates twisted pairs using a parameter-driven
alpomithm Al sepments of a run tonger than }’. inches are teisted,
ents under Y inchies are twieted (whete for the S-1, X 1
(O 2). Depending upan the distance of a segnent {rom the
low- fmpedance owtput and  the  sepment’s fength, the  algoriim
chooses (o twist segments between X and Y inches,

Non-diffrrential runs which are twisted require ground pins to
groimd the shickl wnes. R sisaply Inzaies the ground pin which iz
newrest ' the assoriated signal pin and allucates b, removing {0 i
future consideraiton in the ground-pin seuch.  Shield wiies of

" the total lmped capacitance, and CLY s the

ad jacent twisted-pan sepments are giounded on the same  pin.
Differenuad runs which are twisted  Go nol need  ground-pin
allocatiom.  Ground pins ate also atecatd for the shield wires of
sepments which coniicet to O pans, since ailernate wires of cahles
must be grounded. Where shield wires are teo short far wwisting
according to the twisted- pair algarithm, they are [2ft anwisted,

After routing a run, I allncates terminating; resistors Jiomatically, A
1esisior is always connected to the far end of the fongest arm of a .
If an output divides 2 run into two arac beth of non-zere lenetiy,
then a resistor is platced at the end of each arm, resulting in » 50-ohin
DC load for cach output. If heavy foadir;: oceurs near the aiiput on
a single-armed run, (then a resistor s wonneted o the owpet o
decrease the fall time. Two 100-Olims ressions are found and
aflucatedd far each side of a aiffcrential run, which is foreed ta be
single-armed. Resistor aliocation is similar to proinmd- pn\ alleeation;
the clusest unallocated 1esstar is chosen and atiozated. Sinee resistors
are ahways placed at the ends of runs, the scginent lengths ta resistors
do not affect delays to inputs.

In the cases of both resistors and ground pm the basic philosophy
was to provide enoagh surplus resvurces oo the boards tha! a sinple
alzorithm with no b\cLup wottld be capable of generaling smm
search distances.  In practice, the simple alporthm  was  quite
satisfactary, yrelding average orthogonal search distances under 0.5
inchies for ground pins and resistors.

After rauting & run, R mahkes an estimate of the worst case delay to
any input of the run by assuming that the un s a pefealy
termina‘ucd transmission line with distributed capacaitance cqual to ilie
inttinsic distributed capacitanee of the wsie-wiap wire plus the
lunped capaditive loads corresponding to the puts end outpuis.
Undur these assumptiong, the approximate delay is given by

D = LTOsSQRT((4CLAL= CDY)

where T0 is the unloarded delay per unit length, 1 is the iengih, GL Is
ibuted capacitance
per umt length. This approanmatnn has proven 1o bz guite
sanhsfactery for sereeming runs, with typical relaive errers of the orrder
of 20% (consiztentiy hig ).

R outputs the file TRLIN descrnibnng runs selected by the screening
alporithm based on vsticnated delay. TRLIN 18 vsed by TRL In
simulating the complete viectrical behavior of the runs.

R checks for many syntactic and semantic errars, feni of which are
alsa deterted ai highe levels in the desipn process. R does et place




yestriclions on the loading of runs, since the desizner is exprued to

wiake all dievisiuns about whether the acial reflections show

o the

outpul of TRL are acceptable based on his knowledge of the

criticality of each signal.

R preqduces many otitpot files which allow automatic censirnetion and
which facilitate the debusging of the prozessor. The major outpus
are the board-state (ife (NEWBRDS) and the listing of enot-free

runs  {QKRUNSY

OIKCRUNS

describies

the  routing

amnd

characteristics of eacht run in the machine, inckuding’ inter-hoaid
sepments of runs (see Figure -4 NEWBRDS s used to allow

Incremental changes in a constructed machine, as explained below.

" epIS<CIL 1BR ADR<BI?>}

&R PRDR<M>=
RR ADR<i>m
BR ARR<25=

BR PCR<I>u

]

BR ADR<Y>r

Bit RG> =
BR NOR<7>-

S$QUS-C1 (I RRANCH ALY
BRANCH fiLM=

$BUS=C1L (DRANCH KEG;
BRANCH NEGx

0P

(81
Bl
(81

1op

I
[{{}]
[{]]

TOf*

(3]
i
[{{}]
@2
{4

T0P

[{:38
L{1}]
(i
(e
(2

CTIL. R 20 hB7e42. 1%

CILLC. G he2R1 L 10016 1]y

C1l..Re212n2:
CL.C.C.X:
[A (W FX]

Rr0a2,15
HEERL LI O]}
12N HRZ 042,15,
X1ZnLb: Lr916.8;

Hi2042. 15,

LTL.C.O. X: 2000 hirhlE. 7

CH.. R4 2R

CIL.Con %2010 YOUDE. 10y
CIL.R#/:207:1il/042. 15,
CIL.c. 1. 11:)0016.3;
CTl R2&: thR7042. 15,
CTIL.C. 1. X:ZR1): 10616 7

CIL.RED12R1:HB2042. 15,
CIL.G2-4:2010:101€50.4;

Fipure b-1
RUNS File Input to Ronter

k1

R3

Kl
Ri
R3

RS

RS

K3

RS
RS

J

15
Cla)
ci$

ci1s
C14)

Cl4)

€6
€6
2
12
€11

43
(6

T2
c7

10P 16 SEL <

L] B

1 =
TOP 1hLU CTk <

0 r

1 =

2 "

3 .

4 -

5 w
T0P (1OUTIUT SIGN <

v

TOP (REG ADLR <

[} e

| &

2 e

3 ®
TOP 1RCG MRITE L <

SEND)

$DIP 10103 IFRIRCHILD!

2
12

182 -26;

1)
18}
181
121
152

212 -

101
131
181
181

IR?

-40
-2
44,
~4f>

~36>

Fienrp k.0

Example of 108 Fiir

Figure 5-3

K

1YP hn HAY fn
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G. ¥YCO Subsystem

SCALD allows incemental design chianges in the  Tierarchical
drawings to be refleced in actual hardwine updates in a constiuzied
machine.  In short, the drawings wie edited, then SCAL D russ,
praducing a new set of documentation including an unwran hst 2oad a
wrap list which update the machine te the dusign 1epresented in the
new drawings.

The current machine state is always retained in the board-state fils,
NEWREDS (see Figuie 6-1) NEWBRDS contalns a rceord of
cach DIP, mround chp, single wire, and twisted- pair wire on each
buard of the machine. NEWBRDS thus forms a permanent, readabile
recard of the physical machine state which is independent of the
original mput files, and of the progtams which processed thasa fites;
knowledge of the machine state is never compiomised by changes in
SCALD.

When changes to a board are made in the laboratory withunt
running the design system, they are carcinlly entered into a log ook,
andd tater edited into the board-state file,

Because R allocates resistors and  gonund pins  antomaticaily,
processing tuns sequentially*in the order of the RUNS file, it s
conceivable that a shght change in the drawings, even the chauge of
a signal name, would result in the reassisnment ol 3 large rumber nf
o i a0 s Lills LaOicig, Koanpais busts
which are generated by the program HINT on the bLass of the
previous board state and the current RUNS, Thus when R roules
runs, It examines the set of hints which sprcify the resistors, glound
rins, roules, and levels used in the previous board state, aud R
miniinizes the number of changes requited to implement the new
desigh. Al awtomatic decisions made by R are cither abisolutely
Fepeatable independent of signal names and input ordering, or are
strongly dirccied by hints based on previous decisions.

PR O U

When the new board state has been completely defined, the wrap liat,
unwrap list, and associated documentaiion are generated by an
independent pragram which siinply compares the old board state and
the new board state.

7. BRY}

The BREF Subsysiem inpuis a board state file and produces various
refercnce listings for quahty control and debugging.  Specifically, it
produces a listing which shows the signal name of the run connected
to-each pin, it produces fistings for chip checking, continuity checking,
checking the resistance of runs ta ground, and counting the wraps on
pins.

8. Transmission Line Analysis

R outputs descriptions of selecled runs to TRL, the transmissicn line
analysts pingram, which prmts on the line printer the graphical
waveforra of a signal edge on each such ruen (see Figure 8-1).
The selection of runs to be considered for output to PRI s
pravamuirized and is bascd on the esumated Celry of the tun. In the
S- L develapment, only one rue per bus was output; because the layout
was done by lmd ina very regular manner, and therefore individu:l
runs within a bus are quite similar.

The run to Le simulated is described as lumped vesistive or capa-itive
(but not bath mads connectad inoa dinsy-chain by wgraents of L.nown
propogatizn delay and impedance. The TRL analysis Is an cvent-
driven sunulation. The gate output voitage waveform is descr ih « by
the exponrantiak:

Vou Ca(l-rAY

where typically "C" is 08 Yolis and "A" is 0.%ns. The ciput
wavefunin 1s propagated alpebraically to the fust Joad, hich
algebraively efleds pait of the encrgy and Ganemits pmt aof the
enerpy. Roah the aeflected and ra td wavelrts e foliowsd in
the rame vay as the utgnal wave was fellowed, thus the procedure je
recursive  Any wavcel with  amplin lene than a threshwld
parameter s jgnoted, Aftar all wavellls aze less than thie threshaold,
the voliage at any point P at any time T can be evaluaisl by

SHIE = )

BRO 1 DiP: 10)01 s £ 6

BRO 1 DIr: 10105 s £ &)

(RO 1 DIPr L0110 s 01y

BRO 1 DIf: ID14%A yE Ly

BRD I  DIPy 10J4%0 y E 3y

RRD 1 CLIF: C -0

PR 1 CLIF: C 1-1%

RED § CHIB: C 2.1

BRO § CLEMe € 3.0

GRO 1 CLIP: C 4~ )1

BRO 1 CLIP: €S- 1

BRD 1 CLIP: C 6- 1

RRD & CLIfe € 7.1

RO CE)Pe C 8- 1

BRD 1 ClLIPe C 8- 1

BRD 1 WPy 14,5 SUGC 22 , U 6- &, E 6-135, J31-24 |, J3i-23 » YOP 1R OSCU Gy
RRO 1 bOKC: 2.6 SUS 21, E C- OR, E6-4, TOP tft StLeBs
RPO 2 QORE: 6,4 SUG 21, J 5.03 i 616, 100 1R SELet>
BRO 2 DLHRC: 5.6 SUL 21 | J 5.24 CG-15 , TOP 1ft SFL<>

Figure 6-}
Example NEWBRDS File

summing the transinitied waveforms evaluaird at P and T. TRL
prints the voltage waveform at each node along (he run. Note that
all wavelets are collected and simphfied sembotivally until the (il

Ly diddibuig,

For reasons of numerical stability, it was foun< that an effcctive vy
to deterpiine which reflections and transmissions should Le frdlowed
was to assume a sinusordal output waveformi in an initial pass {thus
all resistive and capactive loads simply altenuate when reflecting ans
when transmuiting) and to follow the same  reflections  and
transmissions in the exponcntial analysis which yickls the final
waveform amphtudes.

Our experience n debugging the abject machine hias shown that the
accuracy of these simelation results are within the telerances of the
input parameters such as sepment impedance and foud capacitance.

9. Experience

The experience in using SCALD o design the §-1 has indicaled thag
SCALD is very effecuve in reducing the tine required to implerent
3 large-scale prozcsar. The entire processor disign was completed in
21 man-months, while the partitioning angd liyout required  an
additional & man-mouths.  Debugging the hardwaie with  the
SCALL-gencrated lisungs has proceeden very well, and the lack of »
conventional print set with all of the lagic drawn out proved pot (o
be a problem. The aluhity o design correct ko ic conferted by the
intrinsic clarity of the drawings was verificd when the first mit jor
portian uf the machine (1600 chips) worked at the designed specd (/0
ns per cycle) after the elimination of only 6 minor logic bugs, all
involving no more than a single chip.

10. Lxlensions and Improyements

We have idenufied the fallewing arcas as being candidates for
improvewments in the Design System:

= A mare genrral language Is needed for describing rhe
details  of technulogy  and  physicsl  pachuyging,
Knowledge of these detatls is curpeni Largely Luilt
into the structure of a 15000-line PASCAL program,
and that program would need 1w I extensively
madificd o accomndate mukiwie J.CL-10K, for
example.

- The Physical Design Subsystem could e made tn
dnve any of a number of availlable CAT) systens
which  handle  the physical deagn in varioe.
techuologics and packaging systems.

- Automatic layuut of sub-me:dules is desirabie, Lut this
rapabibity neede to be carefully cotentered for i,
effects on Ui penieration of ECQO:s,



1

w A version atheaton seeds to be desigeed whith st d
clitnmate the: teed to assigi plosial versn s o i s
hy Band, bt this capabibity .d'l neads to be carrolly
considered fap s offects on the poneration of FCOs.

«  Feedback T the Physical Deagn Subsyelom 1o th
souree Lnguage tevdl Qe bibtachical drawng;
wauld ber hishly desirable. T paiticular, the
and range of the detays of @ veaor of sipnad
be autematically enteicd oito the source driwi
ald in desl; n verifization,

’

H. Conebsiong

The SCALD  Physical  Dvsign Subsysiem faclitates the
implm.u-nl ion and maintoam e u. astrinctuzeed desizn exprosecd in
tenns af a Maao Lapgirage. The Physial l'ms.nn Subiystem
handled all detaike of the |:||,3'r.«l design for the S-1 hark 1
Processar exerpt fayoul of cunponents, assipnrent of versions, and
posittimz of cables,  Inaaaental changes cin be made in the
structin el dhawings and are refiscted o pinimal wiapfunwrap hists.,
The lllwrll llmﬂn Sulieysiem |¢ ||r~t-|* |, ‘|l(LIH||iL‘n .0 the
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can be generahized 1o aliow the rapid ercation of additional pacticoler
physical design subsystems,
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