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cut_num = 1

for i =1 ton

was_cut{i] = false

next

repeat

for 1 = 2 ton

if not (

was_cut[i]) then

cut_it = true

for

next

if ¢

end
end if
next 1

cut_num = cu

until total cuts

procedure prim tree

n
dmtx
*_from
* to
*dl
*d2p

local constants:
dlarge = 9999999

local variables:

passed variables:

3 =2¢ton
if not(was_cut[j}) then
if _tofjl=i then
cut_it = false
end if
end if
3

ut_it then

cut_ord{i] = cut_num
was_cut [i] = true
total_cuts = total_cuts + 1
if

t_num + 1

=n - 1

number of nodes, 1ncluding primary SAI

upper triangle of distance matrix)

list of SAIs, with #1 = primary }

Bring forward lines from previous microgrids j
distance from each SAI to next node }

distance to primary from each SAI )

99.9
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for t =1 to n do
a(i} = true
pf{i] = 0
cli] = dlarge
di{i} = zero
next
c(l] = zero
d2p(l] = zero
for i =2 ton
d2p[i] = dmtx[i][1]
next
=1
for 1 = 2 ton
min = dlarge
for k = 2 toen
if (k <> j) then
if a{k] then
dist = amtx (3] [k}
cost = dist
if cost < cl(k] then
c[k] = cost
dl[k] = dist
okl =3
end if
if min > 1 then
nin = k1
distz di ik}
end 1f
end Lif
end if
next k
j =1
alj] = false
d2p(l] = dist2
next i
for i = 2 to n do
_from[i] = i
_tofi] = b[i]
next
from(l] =1
_to[l] = 1

procedure get_link cost
passed variables:
number_of SAIS
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SA

SAI lines

saix

saiy

density
*link_cost
*term cost
*link_line_feet
*nc96

*ncz4
*ugd_cable
*bur_cable
*aer_cable
*ugd_structure
*bur_structure
*aer_ structure
*ManholeCost

local variables:
uc
bc

ac
us
bs
as
mh
m

from

-
DistToNextTerm
f1stToPrimary
Tuts

i

3

term_cost = zero
link_cost = zarc
ugd_cable = zero

bur_cable = zero
aer_cable = zero
ugd_structure = Zzero

bur_structure = Zero
aer structure = Zexo
ManholeCost = Zero
link_line_ feet = zero

if number of_ SAIs > 1 then

| First, set up distance matrix between SAIS...)
for i = 1 to number_of SAIs
for 3 = 1 to number_of_ SAIs do

m{i][j] = abs(saix[i}-saix(3]) + abs (saiyli)-saiy(3j1)
next j
next i
call prim tree (primsai.pas)

pass variables:
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n = number_of_ SAls
dmtx =m
+ from = _from
*_to = _to
*dl = DistToNextTerm
*d2 = DistToPrimary

end

call prune

pass variables:

n = number_of_ SAls
_to =_to

*cut_ord = cuts

call cumulate_lines
pass variables:

N = number of SAIs
to =_to

ds0_lines = SAI_lines
DistToNode = DistToNextTerm
pistToPrimary = DistTePrimary
cuts cuts

density = density

SA = SA

*link_cost = link_cost
*rerm cost = term_cost

“n%é = ncY6

*n2d = nc24
*ugd_cable = uc

*bur_cable = bc

*aer_cable = ac
*ngd_structure = us
“pur_structure = bs

raer structure = as

*Manhole cost = mh

ugd cable = ugd_cable + uc
pur_cable = bur_cable + bc
aer cable = aer_cable + ac

ugd_structure = ugd_structure + us
bur_structure = bur_structure + bs
aer structure = aer_structure + as
ManholeCost = ManholeCost + mh

for i = 1 to number_of SAIs

link_line_feet = link_line_feet + SAI_lines[i] * DistToPrimary([i]

next

if

(primsai.pas)

(primsai.pas)
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rminal .pas
ree functions are used cutside of this module:

fiber terminal_cost_fn
tl_terminal_cost_fn
drop_terminal _cost_fn

mction fiber terminal cost_fn
passed variables:
lines
distance
density
*n2016
“ng72
“n%6
*n24
pct_ugd
pct_bur
pct_aer

local variables
cost

mincost

min2016

ming72

min9é

min24

v
12016
1672
196
124
cabcost
uc

be

ac

uf

bf

af

fCalculates cost of fiber terminals for a given number of DS(Q lines served,
including number of terminals of each size, using integer search. |}

if lines > half then
mincost = 1.0e+16
for i = 0 to round( lines / 2016.0 + half )}
for § = 0 to round( (lines - 2016.0 * i) /672 + half
for k = 0 to round{ (lines - 2016 *i - 672 * 3j) / 96 + half

n2016 = i
ne72 = j
n9%é = k
n24 = round{{lines - 2016 * n2016 - 672 * n672 - 96 * n96)/24 + half )
if n24 < 0 then n24 =0
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12016 = min(2016.0 * n2016, lines ) {global.pas)
1672 = min( 672.0 * né72, lines - 12016 )
196 = min{ 96.0 * n9%6, lines - 12016 - 1672 )
124 = lines - 12016 - 1672 - 196
cost = a2016 * n2016 + b2016 * 12016 + a672 * n6€72
+ b672 * 1672 + a96 * n9%6 + b96 * 196 + a2d * n24 + b24 * 124

cabcost = call feed cable cost (cable.pas)
pass variables:
lines =(n2016 + n672 + n96 + n24) * 4 / FiberFillFactor
density = density
technology = fiber

*ugd_copper = uc
*bur_copper = bc
*aer_copper = ac
*ugd_fiber = uf
*pur_fiber = bf

*aer_fiber = af

pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer

cost = cost + cabcost * distance

if cost < mincest then
mincost = cost
min2016 = n2016
min672 = ne72

mind6 = n%6
min24 = n24
end if
next w
next )

next 1
n2016 = min2016
n672 = ming72
n9%6 = min9%6
n24 = min24
cabcost = call feed_cable_cost (cable.pas)
pass variables:
lines = (n2016 + n672 + n96 + n24) * 4 / FiberFillFactor
density = density
technology = fiber

*ugd_copper = uc
*bur_copper = bc
*aer copper = ac
*ugd_fiber = uf

*bur_fiber = bf
*aer_fiber = af
pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer
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fiber terminal cost_fn = mincest - cabcost * distance

else

end

n201i6 = 0
n672 = 0
n9% = 0
n24 = 0

fiber_ terminal_cost_fn = zero

if

unction tl_terminal cost_fn
passed variables:

line
*nc9
*nc2

s
6
4

local variables:

cost
minc
min9
min2
i
196
124

SilAd

P E
if 1

ost
6
4

CuddatEes <

asumber

ines > half then
mincost =

for 1 = 0 to round{lines / 96 + half )

ncle =
nc24 =
if nc2

1.0e+le

1

round({lines - 926 * nc96) / 24 + half
4 < ¢ then nc24 = 0

196 = min(%96 * nc96, lines)

124 =

cost =

if cos

mi

mi

mi

end if
next

lines - 196
ac96 * nc96 + bc96 * 196 + ac24 * nc24 + bczd * 124

€ < mincost then

ncost = cost
n9%6 = ncs%é
n24 = nc24

nc96 = min9%é
nc24 = min24

tl_termina

1_cost_fn = mincost

yncludiog

{(global.pas)
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nc%6 = 0
nc24 = 0
tl_terminal_cost_£fn = zerc

end if

function drcp_t.rminal_cost_fn

passed variables:
lines

density

pct_ugd

pct_bur

pct aer

local variables:
1
temp

temp = zero

if lines < 1.0e-6 then
drop termipal_cost_fn = zero
else

temp = zero
for 1 = 1 to NumDropTerminalSizes
i€ lines >»= DropTermCost[i].size then
temp = pct_ugd * DropTermCost[i].CostUgd
+ pct_bur * DropTermCost[i] .CostBur
+ pet _aer * DropTermCost[i] .CostAer

end i
next
drop_terminal_cost_fn = temp
end if
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ne only procedure used cutside of this nodules is calculate_feeder_technology

rocedure calculate_feeder_technology
passed variables:
feeder_distance
i
density
FillFactor
+*technology
*n2016
“n672
*n9%eé
*n24
pct_ugd
pct_bur
pet_aer

local variables:
n
tmpl
tmp2
tmp3
c26
~24
corl
of
e
L4
iti
159
uc
bc
ac
uf
bf
af

n2016 = 0

n672 = 0

n9%6 = 0

n24 =0

technology = copper26

SAiarray[i].fibervterminal_cost = zero
SA_array[i).tl_terminal_cost = Z@ro
SA_array[i].interface_cost = zero

SA_array(il.n2016 = 0
SA‘array[i}.n672 =0
SA array(i].n%6 =0
SA array[i}.n24 = 0
SA_array{i].anG =
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SA array{i].ncz24 = 0
126 = SA_array(i].ResLines / FillFactor
+(SA array[i].BusLines - 11 / 12 * SA_array[i].SwitchedDSl
- 11 /7 12 * SA_array(i].SpclAccessD51) / FillFactor

124 = 126

1tl = (SA array[i].Reslines / FillFactor + SA arrayf{i).Buslines / FillFactor)
+ t1_redundancy factor / 12

tmpl = call fiber_terminal cost fn (terminal.pas)
pass variables:
lines = SA arrayl(i}.lines / FillFactor
distance = feeder distance
density = SA_arrayll]AdcnsiLy
*n2016 = n2016
*ne72 = né72
*n96 = n3%6
*n24 = n24
pct_ugd = pct_ugd
pct_bur = pct _bur
pct_aer = pct_aer

tmpl = tmpl * ac_£ib term
\f = (n2016 + n672 + n%6 + n24) * 4 / FiberFillFactor

culate provisiconal terminal costs. Note that the terminal cost fns use DSO
ivasent lines, so we need the fill factor, but not DSi calculaticons.}

rmp? = call tl_terminal cost_fn {terminal.pas)
pass variables:
lines = SA arrayil.lines , Fiilt
*nc96 = n9é
“nc24 = nld

mp2 tmp2 * ac_tl term

tnp3 = zero

for n = 1 to NumXCBoxSizes
if 126 >= IntfcCost[n].Numlines then
tmp3 = IntfcCost[n].cost
end if
nexv

tmp3 = tmp3*ac fdi
/ we will choose feeder technology by least-cost under the assumption that each
sA sends feeder directly to the switch without sharing cable. }
c26 = call feed cable cost (cable.pas)
pass variables:

lines = 126
density = density
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technology = copperlé
*ugd_copper = uc
*bur_copper = bc
*aer_copper = ac
*ugd_fiber = uf
*bur_fiber = bf

*aer fiber = af
pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer
226 = (uc * ac_ugd cop + bc * ac_bur cop + ac * ac_aer_cop
+ uf * ac ugd fib + bf * ac_bur fib + af * ac aer fib)
* feeder distance + tmp3
c24 = call feed cable cost (cable.pasj
pass variables:
lines = 124
density = density
technology = copperZid
*ugd_copper = uc
*bur_copper = bc
*aer_copper = ac
*ugd_fiber = uf
*bur fiber = bf
*aer:fiber = af
pcr_ugd = pct_ugd
pct bur = pct_bur
Dot _aer = pct_aer
~24 = fuc v ac_ugd cop + pc ¢ ac_bur cop + a. T ac_aer_cop
« ut * ac_ugd fib -+ bf * ac_bur fib + af * ac_aer_ £fib
* feeder_distance + tmp3
ctl = call feed cable_cost (cable.pas)
pass variables:
lines = 1tl
density = density
technology = t_1
*ugd_copper = uc
*bur_copper = bc
*aer_copper = ac
*ugd_fiber = uf
*bur_fiber = bf
*aer_fiber = af
pct_ugad = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer
ctl = {uc * ac _ugd cop + bc * ac_bur cop + ac * ac_ser_cop
+ uf * ac ugd £fib + bf * ac bur fib + af * ac_aexr fib)
* feeder_distance + tmp2
cf = call feed cable_cost (cable.pas)
pass variables:
lines = 1f
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density = density

rechnology = fiber

*ugd_copper = uc

*bur_copper = bc

*aer_copper = ac

*ugd_fiver = uf

*pur_fiber = bf

*aer_fiber = af

pct_ugd = pct_ugd

pct_bur = pct_bur

pct_aer = pct_aer

cf = (uc * ac ugd cop + bc * ac_bur_cop + ac * ac_aer_cop

+ uf * ac ugd fib + bf * ac bur fib + af * ac_aer_ fib)
"

feeder distance + tmpl
technology = copper2é6

1f (c24 < ¢26)

or (feeder distance + SA array{ij.MaxDistance > copper_gauge xover) then
technology = copperz4

end if

if {{ctl < min( c24, c26)})} (global.pas)
or {feeder distance + SA_array(i].MaxDistance > max copper_distance)
~r (feeder_distance > copper tl xover) then

technology = t_1

end if

sfoicr < ming minicid,cle), otly)
{feeder disrance > t1_fiber xover; .lhen
—echrnoiogy = fiber

end if

SA array(i}.feeder technology = technology

if technology = fiber then

SA_arrayli].fiber terminal_cost = call fiber_terminal_cost_fn (terminal.pas)
pass varjables:
lines = SA_array(il.lines / FillFacter
distance = feeder distance
density = SA_array{i].density
*n2016 = n2016
*n672 = n672
*n9é = n9%6
*n24 = n24
pct_ugd = pct_ugd
pct_bur = pct_bur
pct_aer = pct_aer

SA_array(i].n2016 = n2016
SA_array{i).n672 = n6€72
SA_array{i].n96 = n96
SA_array(i}.n24 = n24
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elseif technology = t_1 then

SA_array(il.tl terminal _cost = call tl_terminal_cost_fn
pass variables:
lines = SA_array[i].lines / FillFactor
*nc%6 = n9%6
*nc24 = n24

SA_array{i).nc%96 = n9%
SA_array(i].nc24 = n24
n2016 = 0
né7iz = 0

else { technology is analog

SA_arrayl[i].interface cost = tmp3
{ Add in switched DS1 line terminals }

if (technology = copper26) or (technology = copper24) then
SA_arrayfi].tl terminal cost = SA_arrayli].tl_terminal cost

+ call tl_terminal_ cost fn (terinal.pas)
pass variables:
lines = (SA_array(i].SwitchedDSl

+ SA_arrayli].SpclAccessDSl) * 12

*nc9%6 = n9%
*nc24 = n24

R array{i].nc%é = SA array{il.nc96 + n9%6
3A_arraylij.nc2d .ngc24 + n24

n<0le = O

ak7l - L

n9%6 = SA_array(i].ncY%6

n24 = SA_arrayiil.nc24
end if

end if

(terminal.pas)
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the only procedure used outside this module is lot_divide

procedure lot_divide

passed variables:
number_of_ lots

var
var

NS_lots
EW lots

local constatns:

twWo

=2

local variables:

waste
minwaste
NS_try
EW_try
NS_try d
sanl
sqrt2

This procedure minimizes wasted lots within a square microgrid, subject
to the constraint that lots have lengths no more than twice their widths.
It returns the "optimal"” number of lots in the NS and EW direction. }

NS_lots = one

W1

o

else

ots = one

number of lots > ome! rnen

SULLi = 5Qre{two)

waste = number_ of lots

minwaste = number of_ lots

sgnl = sgrt(number of_lots)

for i = round{sqgnl / sgrt2) to round(sgnl) + 1

! Check from sguare root of number of lots/2 to square )

{ root of number of lots. This guarantees that max }
{ length - width ratio i1s no more than 2. }
EW try = i
NS_try d = number of lots / EW_try
NS_try = round(NS_try_d)
waste = NS_try * EW_try - number_of_lots
if (waste < 0) then waste = number_of_lots
if (waste <= minwaste) then
minwaste = waste
EW_lots = round(EW_try)
NS_lots = round(NS_try)
end if
next

118



Data Structures

type ddvector =

global.pas — data structures

arrayf{l..
arrayl[l..

array(l..50) of double

~d50

ddvector_ptr
i4vector_ptr

string (8]
string(4]
string[12]

(copper26,

= array{l..50,1..50] of double
array{l..50,1..50] of integer

pe GridRecordType

ncol

MicroGridNS,

;Totallines,
werLeftX, LowerLeftY, UpperRightX, UpperRightY

useholds,
SwitchY

DepthToBedrock

SoilTexture

CoordinateRecordType

gPrivatelines, gSpeciallines

arrayl[l..50,1..50] of integer

originy,

record
Cablesize

~tl

reference_latitude
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£2 = record
size : integer
CostBur : double
CostAer : double
CostUgd : double

end

t2_ptr = "t2

£3 = record
size : integer
CostUgd : double
CostBur : double
CostRer : double

end

£3 ptr = ~t3

r4 = t3
t4_ptr = “t4

t7 = record
NumLines : integer
Cost : double

end

£7_ptr = "t7

L8 = record
density : double
FeedUgd : double
DistUgd : double
FeedBur : double
DistBur : double
FeedRer : double
DistAer : dcuble

end

8 _ptr = ~t8

£9=t8
t9 ptr = “t9

t10 = t8
t10 _ptr = ~t10

£11 = record
DuctCap : integer
NormalCost : double
SoftCost : double
HardCost : double

end

tli_ptr = ~tll

t12 = record
density : double
ManholeSpacing : double
end
t£l12_ptr = ~tl2

£l3 = record
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density : double
UgdPct : double

BurPct : double
AerPct : double
end
£13_ptr = "tl3
t14=t13

tl4_ptr = "tl4

t15=tl3
t£l5_ptr = "t15

t16 = record
density : double
FeedFillFactor : double
DistFillFactor : double

end

tl6_ptr="tleé

t22 = record
texture : string$8
impact : integer

end

£22_ptr="t22

r73=record
density : double
bur_share : double
ugd_share : double
aer share : double

and

~03 prre=uil

intfoType = {primary,secondary)

GaugeType = (gl19, g7 g4, g2é

SARecordType = record
number of_ SAls integer
TypeOfSAL array[l..4) of IntfcType
® d4vector
y ddvector
SAI_lines d4vector
SwitchX : double
SwitchY : deuble
households double
lines double
ReslLines double
BusLines : double
SpclAccesslines : double
SpclAccessDS1 : double
SwitchedDS1 : double
Grid Distribution_Cost : double
MaxDistance double
n2016, n672, n%6, n24 integer
nc9%6, nc2d integer
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type

type

snc9%6, snc2d : integer
fiber_terminal_cost : double
tl_terminal_cost : double
secondary_tterm_cost : double
interface_cost : double
drop_cost : double
nid_cost : double
drop_terminal_cost : double
feeder_technology s techtype
grid_line_feet : double
link_line_feet : double
grid_drop_feet : double
density : double
DepthToBedrock : double
Hardness : stringd
SoilTexture : string8
WaterTb : double
MinSlope : double
MaxSlope : double
DistToSwitch : double
subfeeder_try : double
subfeeder_coord : double
quadrant : integer
ugd cable : double
bur_cable : double
aer_cable : double
ugd_structure : double
bur_structure : double
aer_structure : double
ManholeCost . double
lines_served : double
ZBG costringll
end

SARecordType_ptr = "“SARecordType
GridRecordType_ptr = "GridRecordType

glsarray = ARRAY {1..8000] OF double

glrarray = ARRAY [1..8000] of SARecordType ptr

glsarray_ptr = “glsarray
glrarray_ptr = “glrarray

d8000 = array(1l..8000] of double
i8000 = array{l..8000} of integer
b80G0 = array(l..8000] of boolean

d8000_ptr = ~d800C

i8000_ptr = ~i8000
b8000_ptr = ~b8000

d8000x8000 = array[l..8000] of d8C00_ptr

d8000x8000_ptr = ~d8000x8000

d8000 = array(l..8000] of double;
iB000 = array[l..8000] of integer;
b8000 = array{l..8000]) of boolean:
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d8000_ptr = ~dB00O;
18000_ptr = ~i8000;
b8000_ptr = “b8000;

48000x8000 = array[l..8000] of d8000_ptr;

48000x8000_ptr = "d8000x8000;

d4 = array(l..4] of double;
i4 = array[l..4] of integer;
b4 = array(l..4] of boolean;

d4_ptr = "~d4;
i4_ptr = "i4;
b4 _ptr = "“b4;

44x4 = arrayll..4] of d4_ptr;
d4xd _ptr = ~d4x4;
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