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Supplementary Materials: Structural Synthesis of Parallel
Robots via Geometric Permutation of Coupling-Joint Alignments
and Leg Chains

Moritz Schappler

The results of the parallel robot structural synthesis are presented in detail in the
following pages. The table descriptions follow the explanations in the main document.
First, leg chains with different numbers of joints are given in Section 1 of this supplementary
material. They constitute the parallel-robot candidates listed in Section 2 (3T), Section 3
(8T1R), Section 4 (3T2R), and Section 5 (3T3R). The term “parallel robot” is used for all PR
“candidates” to maintain readability, despite that the rank-deficient mechanisms (marked
by “R.D.”) do not literally constitute a robot.

1. Leg Chains

The leg chains created by the synthesis algorithm of Section 3 of the paper are num-
bered consecutively for each case of joint DoFs. The naming scheme of the structures is
oriented at [1] by noting the parallelity of joints by an accent over the respective letter R
(for revolute joints) or P (for prismatic joints). The usage of the chains in a parallel robot
(PR) is reported with the running number of the PR in the respective table. Vice-versa,
the referenced leg numbers in the PR tables refer to the legs with the DoFs that can be
recognized by the number of joints in the leg name. The PR numbers only refer to the
respective PR DoFs and are not unique among all parallel-robot DoF for compactness. For
instance, the chain RPRR (number 2 in Table S1) is used in the 3T parallel robot 9 in Table S4.
In Table 5S4, the reference to leg 2 leads back to the four-joints leg Table S1.

Some leg chains do not lead to a valid parallel robot in terms of an inverse-kinematics
solution, such as, e.g., RPRRR (number 9 in Table S2). In these cases, either the numeric
approach for the parallel-robot synthesis fails, or the leg chain is infeasible due to wrong
assumptions within the leg-chain synthesis. A manual analysis would be required to dis-
tinguish the cases, but is out of this thesis’ scope. The free Denavit-Hartenberg parameters
(in the modified notation of [2]) in the last column of the results tables are subject to opti-
mization within the dimensional synthesis. The distance parameters d; and 4; are always
free. In the case of parallelism or orthogonality (visible by the accents), the corresponding
w; are fixed to 0 or 90°.

Table S1. Structural-synthesis results for leg chains with four joints

# Structure Usage in PR# Free parameters Fixed parameters
3TOR 3T1R

1 PRRR 1 1 ap, as, Ay, dz, d3, d4, 91 0622063=D£4=0

2 RPRR 9 9 ap, as, dg, d1, d3, d4, 92 0(2:063:0(420

3 RRPR 19 19 ap, as, dy, dl/ dz, d4, 93 0(220632064:0
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Table S2. Structural-synthesis results for leg chains with five joints (part 1 of 2)

#  Structure Usage in PR#

3TOR 3T1R 3T2R

Free parameters Fixed parameters

1 PRRRR 2 2 1 ay, as, ag, as, dy, ds, dy, ds, 61 ap=03=04=0, a5=90°

2 PRRRR 2 ay, as, ag, as, do, ds, dg, ds, 61 ar=03=0, 04=90°, a5=0

3 PRRRR 4 4 3 Ay, a3, dy, as, dy, d3, da, ds, 01 1p=90°, a3=0, 04, =90°, x5=0

4  PRRRR 5 5 4 ay, as, A, as, do, ds, da, ds, 0 ap=a3=90°, ag=a5=0

5 PRRRR 6 6 - a, a3, ay, as, &, da, d3, dy, ds, 61 23=90°, ay=0, x5=90°

6 PRRRR 7 7 - ay, as, ag, s, &y, do, ds, da, ds, 0 a3=04=90°, x5=0

7  PRRRR 8 8 - ay, as, dg, as, &, &3, dy, d3, dg, ds, 61 g =05=90°

8 RPRRR 10 10 5 Ay, a3, dy, as, d1, dz, dg, ds, 0> 2r=90°, a3=n4=a5=0

9 RPRRR 11 11 6 ay, a3, ay, as, d1, d3, dy, ds, 0> ap=03=04=0, x5=90°
10 RPRRR 12 12 7 Ay, a3, dg, as, d1, d3, dg, ds, 0> ay=wn3=0, 03=90°, a5=0
11  RPRRR 13 13 - ay, a3, 4y, as, d1, d3, dy, ds, 0> 1y =0, x3=90°, a3=0, a5=90°
12 RPRRR 14 14 - Ay, a3, da, as, d1, d3, da, ds, 0> ar=0, a3=u4=90°, a5=0
13 RPRRR 15 15 8 ay, a3, dg, as, d1, d3, da, ds fp=03=004=90°, x5=0, 0,=0
14 RPRRR 16 16 - Ay, a3, da, as, d1, d3, da, ds, 0> r=90°, a3=w4=0, x5=90°
15  RPRRR - - - ay, as, A, as, d1, ds, da, ds, 02 1p=90°, x3=0, 03 =90°, a5=0
16 RPRRR 17 17 - ap, as, a4, as, d1, d3, dg, ds ap=03=90°, a4=0, a5=90°, 6,=90°
17  RPRRR - - - ay, as, g, as, dy, dsz, dg, ds ar=n3=04=90°, 5=0, 6,=90°
18  RPRRR 18 18 - ay, as, dg, as, &, &3, d1, ds, dg, ds, 05 ag=05=90°
19  RRPRR 20 20 9 Ay, a3, dg, as, d1, do, da, ds, 03 2r=90°, a3=n4=a5=0
20 RRPRR 21 21 10 ay, a3, ay, as, d1, da, dy, ds, 03 ap=03=04=0, x5=90°
21  RRPRR 22 22 11 Ay, a3, dg, as, d1, do, da, ds, 03 ar=wu3=0, 03=90°, a5=0
22 RRPRR 23 23 12 ay, a3, ay, as, d1, da, dy, ds, 03 1y =0, 13=90°, ay=a5=0
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Table S2: Structural-synthesis results for leg chains with five joints (part 2 of 2)

#  Structure Usage in PR# Free parameters Fixed parameters
3TOR 3T1R 3T2R

23  RRPRR - - 13 ay, a3, aa, as, d1, da, dg, ds, 03 ar=0, a3=04=90°, a5=0

24  RRPRR 24 24 14 4y, a3, ds, ds, d1, da, dy, ds 0y =0, a3=0,=90°, a5=0, H3=90°

25 RRPRR 25 25 - 4y, a3, aa, as, d1, da, dg, ds, 03 1r=90°, x3=n4=0, 5=90°

26  RRPRR - - - ay, as, ag, as, dy, do, dy, ds, 03 1y =90°, x3=0, 14=90°, a5=0

27  RRPRR 26 26 - ay, as, ag, as, &y, d1, d, dy, ds, 03 w3=0, xg=a5=90°

28  RRPRR 27 27 - ay, as, ag, as, dy, do, dy, ds Ky =a3=a4=0x5=90°, §3=0

29  RRPRR 28 28 - s, a3, ay, as, d1, do, dy, ds, 03 ap=03=90°, xy=n5=0

30 RRPRR - - - ap, as, ay, as, 8o, dy, dp, dy, ds, 03 a3=90°, a4=0, x5=90°

31 RRPRR - - - ay, a3, 4y, as, d1, da, dy, ds ap=a3=043=90°, a5=0, 3=90°

32 RRPRR - - - ap, as, ay, as, &, dy, dy, dy, ds a3=04=05=90°, 63=90°

33  RRRPR 29 29 15 ay, a3, 4y, as, d1, dy, ds, ds, 04 2y =90°, a3=ny=05=0

34 RRRPR 30 30 16 ay, as, ay, as, d1, dy, dz, ds, 64 ap=03=04=0, a5=90°

35 RRRPR 31 - - a», as, dy, as, dy, do, ds, ds, 04 =0, x3=90°, xy=a5=0

36 RRRPR 32 31 17 4y, as, ag, s, d1, do, d3, ds 0r=0, a3=0,=05=90°, 0,=0

37 RRRPR 33 32 - ay, a3, ag, as, dy, do, d3, ds, 04 1y =90°, x3=a,=0, x5=90°

38 RRRPR 34 33 - 4y, a3, A, as, d1, do, d3, ds, 04 1p=90°, x3=0, 03 =90°, x5=0

39 RRRPR 35 34 - a», as, dy, as, dy, do, ds, ds 2>=90°, a3=0, 0, =05=90°, 0,=90°

40 RRRPR 36 - - s, a3, ay, as, dy, da, ds, ds, 64 ap=03=90°, xy=n5=0

41 RRRPR - - - ay, a3, aa, s, &, dq, da, d3, ds, 04 a3=90°, x4=0, x5=90°

42  RRRPR - - - az, as, dg, as, dy, da, ds, ds ap=n3=04=0r5=90°, 6,=0

43  RRRPR 37 - - ay, a3, aa, s, &, dq, da, d3, ds, 04 a3=04=90°, a5=0

44  RRRPR - - - ay, as, ag, as, &y, dq, do, ds, ds a3=04=05=90°, 0,=90°

45 RRRRR 38 35 18 Ay, a3, dy, as, d1, do, dz, da, ds ar=03=0, 03=90°, a5=0

46  RRRRR 39 36 19 ay, as, ay, as, di, do, ds, dy, ds 2y =0, 23=90°, ay=a5=0

47  RRRRR 40 37 - ay, as, ay, as, di, da, ds, dy, ds 1,=90°, x3=a,=0, x5=90°

48 RRRRR 41 38 - ay, as, ay, as, di, do, ds, dy, ds #p=90°, a3=0, a4=90°, x5=0

49  RRRRR - - - ap, as, ag, as, dy, da, ds, dg, ds ap=03=90°, ay=w05=0

50 RRRRR 42 39 - ay, as, ay, as, &y, d1, dy, dz, dy, ds 23=90°, a4=0, a5=90°

51  RRRRR - - - ay, as, dy, as, &, d1, do, ds, dg, ds a3=04=90°, a5=0

52 RRRRR - - - ap,a3,ay, a5, &y, &3, dy, do, ds, dy, ds ag=u5=90°
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For leg chains with six DoF, only prismatic joints up to the fourth joint are considered

due to the design rules for proximal actuation and avoiding passive joints. Therefore,

chains with prismatic fifth or sixth joint are excluded from the results list for six-DoF chains

in Table S3.

Table S3. Structural-synthesis results for leg chains with six joints (part 1 of 2)

#  Structure PR# Free parameters Fixed parameters
3T3R

1 PRRRRR 1 ap, as, dy, as, g, &, do, d3, dg, ds, dg, 01 w3=90°, ay=n5=0, xg=90°

2 PRRRRR 2 ay, a3, Ay, as, ag, &2, dp, d3, da, ds, dg, 01 a3=90°, a4=0, x5=90°, as=0

3 PRRRRR 3 ap, as, g, as, g, &2, dp, dz, dy, ds, dg, 61 a3=04=90° as=04=0

4 PRRRRR 4 ay, as, ag, as, ag, &2, &3, do, dz, dg, ds, de, 01 04=90°, a5=0, 0g=90°

5 PRRRRR 5 a», as, dy, as, dg, &2, &3, do, d3, dy, ds, dg, 61 wg=05=90°, ag=0

6 PRRRRR 6 ay, as, ag, as, ag, X2, &3, 04, dp, d3, dy, ds, dg, 61 a5=06=90°

7 RPRRRR 7 Ay, a3, da, as, dg, dq, d3, da, ds, dg, 62 ar=0, 13=90°, a4 =0, ¥5=90°, ag=0

8 RPRRRR 8 ap, as, 4y, as, ag, d1, ds, dg, ds, dg, 6> =0, a3=04=90°, a5=0=0

9 RPRRRR 9 Ay, a3, da, as, dg, dq, d3, da, ds, dg, 62 2r=90°, a3=n4=05=0, 0g=90°
10 RPRRRR 10 ay, a3, a4, s, A, d1, ds, da, ds, de, 0, 2;=90°, a3=04=0, x5=90°, 26=0
11 RPRRRR 11 az, as, ag, as, ag, d1, ds, dy, ds, dg wp=03=90°, 24 =0, x5=90°, a6=0, ,=90°
12 RPRRRR 12 a2, a3, Ay, as, ag, dy, d3, dy, ds, de ay=a3=04=90°, a5=a6=0, 6,=90°
13 RPRRRR 13 a», as, ag, as, dg, &y, &3, d1, d3, dg, ds, dg, 6> 04=90°, a5=0, a=90°
14 RPRRRR 14 a, a3, Ay, As, A, &2, &3, d1, d3, dy, ds, d, 6 ng=5=90°, ag=0
15 RPRRRR 15 ay, as, 4y, as, ag, &2, &3, &4, d1, d3, dy, ds, dg, 0> a5=06=90°
16 RRPRRR 16 Ay, a3, da, as, dg, d1, do, da, ds, dg, 03 23=90°, a3=n4=a5=0, 0g=90°
17 RRPRRR 17 ay, a3, 4y, s, ag, d1, da, dy, ds, de, 03 1p=90°, a3=n4=0, x5=90°, xg=0
18 RRPRRR 18 Ay, a3, da, As, dg, X2, d1, do, da, ds, dg, 03 w3=0, 0,=90°, x5=0, 0g=90°
19 RRPRRR 19 a», as, 4, as, ag, &y, dq, do, dy, ds, dg, 03 a3=0, ag=05=90°, ag=0
20 RRPRRR 20 Ay, a3, da, as, dg, d1, do, da, ds, dg ar=03=a4=0n5=90°, =0, §3=0
21 RRPRRR 21 ay, as, dg, as, g, d1, do, dy, ds, dg, 03 ar=03=90°, ng=n5=0=0
22 RRPRRR 22 ay, as, ag, as, dg, &, dy, do, dy, ds, dg, 03 a3=90°, ag=n5=0, xg=90°
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Table S3: Structural-synthesis results for leg chains with six joints (part 2 of 2)

#  Structure PR# Free parameters Fixed parameters

3T3R
23 RRPRRR 23 ay, a3, Ay, A5, dg, X2, d1, do, da, ds, dg, 03 23=90°, 4 =0, ¥5=90°, xg=0
24 RRPRRR 24 ay, a3, 4y, s, dg, &2, d1, da, dy, ds, dg a3=04=90°, a5=0, 1=90°, H3=90°
25 RRPRRR 25 4y, a3, da, as, dg, X2, d1, do, da, ds, dg w3=04=05=90°, =0, 3=90°
26 RRPRRR 26 ay, az, Ay, as, g, &2, &3, &4, d1, do, dy, ds, dg, 03 a5=0g=90°
27 RRRPRR 27 Ay, a3, 4y, as, dg, d1, do, d3, ds, dg, 04 1r=90°, a3=n4=n5=0, xg=90°
28 RRRPRR 28 aa, a3, Ay, as, ag, dy, d, d3, ds, de, 04 1=90°, a3=a4=0, a5=90°, =0
29 RRRPRR 29 ap, as, ag, as, ag, d1, dp, ds, ds, dg, 04 0p=90°, a3=0, 0,=90°, a5=0=0
30 RRRPRR 30 4y, as, A, as, dg, dq, do, ds, ds, dg 1p=90°, a3=0, 0y =a5=90°, ag=0, 0,=90°
31 RRRPRR 31 ap, as, Ay, as, dg, d1, dy, d3, ds, dg, 04 ap=03=90°, ay=05=0=0
32 RRRPRR 32 ay, a3, Ay, as, dg, X2, d1, do, ds, ds, dg, 04 23=90°, ay=05=0, 0c=90°
33 RRRPRR 33 ay, as, ag, as, ag, &, dq, do, d3, ds, dg, 04 03=90°, a4=0, a5=90°, ag=0
34 RRRPRR 34 ay, a3, Aa, As, Ag, Ao, &3, d1, do, d3, ds, dg, 04 ay=0, a5=ng=90°
35 RRRPRR 35 ay, a3, 4y, s, dg, &2, d1, dy, d3, ds, dg a3=ny=05=ns=90°, 0,=0
36 RRRPRR 36 a», as, ag, as, dg, &2, dq, d», ds, ds, dg, 04 a3=04=90°, a5=0=0
37 RRRPRR 37 4y, a3, Ay, ds, dg, &a, &3, dq, do, d3, ds, dg, 04 24 =90°, a5=0, 0g=90°
38 RRRPRR 38 4y, a3, au, as, dg, X2, d1, do, da, ds, dg a3=0,=05=90°, 0g=0, 0,=90°
39 RRRPRR 39 ap, as, dy, as, dg, &2, &3, d1, da, d3, ds, dg wg=n5=06=90°, 0,=90°
40 RRRRRR 40 ap, as, a4, as, ag, d1, dp, ds, dy, ds, dg 0p=90°, a3=w4=0, a5=90°, a=0
41 RRRRRR 41 aa, a3, Ay, as, ag, d1, do, d3, dy, ds, dg 2=90°, a3=0, 24=90°, x5=06=0
42  RRRRRR 42 ay, as, ag, as, ag, &, dq, do, d3, dy, ds, dg 03=90°, ay=u5=0, xg=90°
43 RRRRRR 43 Ay, a3, da, A5, Ag, X2, d1, do, ds, da, ds, dg 03=90°, 0, =0, x5=90°, =0
44 RRRRRR 44 ap, as, ag, as, dg, &2, dq, do, ds, dy, ds, dg a3=04=90°, a5=w=0
45 RRRRRR 45 ay, a3, aa, As, dg, X2, &3, d1, da, d3, da, ds, de 14=90°, a5=0, ag=90°
46 RRRRRR 46 ap, as, dy, as, dg, 02, &3, d1, dp, d3, dy, ds, dg g =05=90°, ag=0
47 RRRRRR 47  ay,as, a4y, as, dg, X, &3, &g, d1, do, d3, dg, ds, dg a5=u6=90°
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2. 3T Parallel Robots

The following Table S4 shows results for parallel robots with 3T platform mobility.
Chains without a lever on prismatic joints are marked by “nlP” in the joints column.

Table S4. Structural-synthesis results for 3T parallel robots (part 1 of 5)

PR# Structure Joints Leg# Alignmentand Rank Deficiency

1.1 B—ERRR — 1 c-m; R.D.:v-v, t-t, r-r, p-m
2.1 3-PRRRR — 1 c-(tr); R.D.: (vr)-t, (vit)1, (v,p)-p, (trp)-v, t-c, r-i
...2 3-PRRRR PRRU c-(tr); R.D.: (vitr)-(tr), (tr)-c, (v,p)-p, (tr,p)-v, r-i
31 3-PRRRR — 2 v tre)-t, (vi)-r, (t1)-c, (vp)-p, (tr,p)-v, 1-i
..2  3-PRRRR PRUR v,p)-p, (vro)-t, (vito)r, (tr,p)-v, t-c, r-i
4.1 3-BRRRR . 3 (V/t/rrcrp)_(t/r)r (V,t,r,C)—C, (trrrprv)_p/ (V/t)_ll
(vtrcpv)-v
.2 3PRRRR PRUR vtrep)-(tr), (vitrc)-c (trp,v)-p, (vi)-i,
wtrepv)-v
51 3-PRRRR — 4 V-, (vre)-¢; RD.: (tr)-(tp), (tro)1, (vev)-v
...2  3-PRRRR PURR V-, (vre)-¢; RD.: (tr)-(tp), (tro)r1, (Ve v)-v
6.1 3-PRRRR — 5 v tre)-t, (vitrp,v)-v, (vo)-c, (p,v)-p, (vtr)r
...2  3-PRRRR PUU v tro)-t, (vtrp,v)-v, (vo)-c, (p,v)-p, (vtr)r
...3 3-PRRRR PRRU v tre)-t, (vitrp,v)-v, (v,o)-c, (p,v)-p, (vtr)-r
7.1 3-PRRRR — 6 v-¢; R.D.: (v,v)-v, t-t, r-r
81 3-PRRRR  — 7  v-¢; RD.:(vv)-v, t-t, r-r
9.1 3-RPRR — 2 c-m; R.D.: (t,r)-r, v-v, t-t
10.1  3-RPRRR — 8 t-c,c-m, r-i; R.D.: (v,p)-p, (vtr)-1, (V1r,0)-t, (t1,p)-V
..2  3-RPRRR — (nlP)  t-c,c-m, r-i; R.D.: (v,p)-p, Vtr)-1, (VIo)-t, (trp)-v
11.1  3-RPRRR  — 9  ct; RD.(t)-v, (v1)-t, (Vt)-1, v-p, t-c, 1-i
..2 3-RPRRR RPRU c-t; RD.: (t1)-(v,c), (V)-t, (Vb)-1, v-p, r-i
12.1  3-RPRRR — 10 (t1)-v, (vb)-1, (vr,0)-t, v-p, t-c, 1-i
...2  3-RPRRR RPUR (t1)-v, (vb)-1, (vr,0)-t, v-p, t-c, 1-i
131 3-RPRRR  — 11 v-v, t-t, 1
....2  3-RPRRR RPRU V-V, t-t, 11
...3 3-RPRRR RPRU (nlP) v-v,t-t, rr
..4 3-RPRRR — (nlP)  v-v, t-t, r-r
141  3-RPRRR — 12 R.D.:v-v, t-t, r-r
..2 3-RPRRR RPUR R.D.: (t,x)-t, v-v, r-r

...3  3-RPRRR — (nIP) R.D.:v-v, t-t, r-r
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Table S4: Structural-synthesis results for 3T parallel robots, part 2 of 4

PR# Structure Joints Leg# Alignmentand Rank Deficiency

15.1 3-RPRRR — 13 (t1)-v, (Vb)-1, (vr,o)-t, t-c, r-i; RD.:v-p
....2 3-RPRRR RPUR (vb)-r, (vro)-t, (tr,p)-v, t-c, r-i, p-p; RD.v-p
...3 3-RPRRR RPUR (nlP) (vt)r, (vrc)-t, (tLp)-v, t-c, 1-i, p-p; RD.:v-p
..4 3-RPRRR — (nIP)  (wt)-r, (vro)-t, (tr,p)-v, t-c, r-i, p-p; RD.:v-p
161 3-RPRRR  — 14 (t0)-(tr), v-v
...2 3-RPRRR RPRU V-V, t-t, r-1
...3 B3-RPRRR RPRU (nIP) v-v,t-t, r-r
.4 3-RPRRR — (nIP)  v-v, t-t, r-r
171 3-RPRRR  — 16 v-v, t-t, r-r
...2 3-RPRRR RPRU V-V, t-t, 11
...3 3-RPRRR RPRU (nlIP) (tr)-r, v-v, t-t
.4  3-RPRRR — (nIP)  (tr)-r, v-v, t-t
181 3-RPRRR  — 18  R.D.:v-v, t-t, r-r
19.1 3—RRER — 3 c-m; R.D.:v-v, t-t, r-r
20.1 3-RRPRR — 19 t-c, c-m, r-i; R.D.: (v,t)-1, (v;p)-p, (v,1,0)-t, (t,1,p)-v
...2 3-RRPRR UPRR t-c, c-m, r-i; R.D.: (t1)-v, (v,t)-1, (v,p)-p, (V,1,0)-t
21.1 3-RRPRR — 20 c-t; R.D.: (tr)-v, (vr)-t, (Vit)-1, v-p, t-c, 1-i
.2 3-RRPRR RRPU c-t; R.D.: (tr)-v, (vr)-t, (Vit)-1, v-p, t-c, 1-i
221 3-RRPRR — 21 vt)-1, (vro)-t, (trp)-v, v-p, t-c, r-i; R.D.:p-p
...2 3-RRPRR — (nlP)  (vr,0)-t, (Vt,0)-1, (t1,p)-v, v-p, t-c, r-i; R.D.: p-p
23.1 3—RRERR — 22 Vb1, (vp)-p, (Vr,0)-t, (tr,p)-v, t-c, i
L2 3—RRERR — (nlP)  (wtro)-t, (vi)-1, (v,p)-p, (trp)-v, t-c, r-i
24.1 3-RRPRR — 24 (tr)-v, (vt)-1, (vro)-t, t-c, 1-i; RD.:v-p
251 3-RRPRR  — 25  v-v, t-t, rr
...2 3-RRPRR UPU (t,r)-1, v-v, t-t
...3 3-RRPRR RRPU V-V, t-t, -1
261 3-RRPRR  — 27 RD.:v-v, t-t, r-r
...2 3-RRPRR RRPU R.D.: v-v, t-t, r-r
..3 B3RRPRR —  (nIP) R.D.v-v,ttrr
271 3-RRPRR  — 28 v-v, t-t, rr
..2 3-RRPRR UPU (t,r)-1, v-v, t-t

...3 3-RRPRR RRPU V-V, t-t, -1
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Table S4: Structural-synthesis results for 3T parallel robots, part 3 of 4

PR# Structure Joints Leg# Alignmentand Rank Deficiency

274 3-RRPRR  UPU 28  (tr)-t, v-v,rr

..5 3-RRPRR RRPU (nlP) (t;x)-t, v-v, r-r

.6 3RRPRR —  (nIP) (tr)r, v-v,t-t

28.1 3—RRERR — 29 R.D.: v-v, t-t, r-r

2 3—RRERR UPRR R.D.: v-v, t-t, r-r

...3  3-RRPRR — (nlP) R.D.: (tr)-t, v-v, r-r

29.1 3-RRRPR — 33 c-m; R.D.: (wt)-1, (v,p)-p, (vro)-t, (tr,p)-v
..2 3-RRRPR URPR c-m; R.D.: (vr)-t, (Vb)-1, (Vp)-p

30.1 3—RRRER — 34 c-t; R.D.: (vr)-t, (vit)-1, (v,p)-p, (tr,p)-v, t-c
..2  3-RRRPR — (nlP) ct; R.D.: (vr)-t, (vit)-1, (v,p)-p, (tr,p)-v, t-c
31.1 3-RRRPR  — 35 v-(tr)

..2 3-RRRPR RUPR v-(t,r)

321 3-RRRPR  — 36 (Vb)-r, v-t, t-c

..2 3-RRRPR RUPR (v,r)-t, (vt)-1, (v,p)-p, p-v, t-c

...3 3-RRRPR RUPR (nlP)  (tr)-v, (Wt)-1, (v,p)-p, (VLo)-t, t-c; RD.:p-v
..4 3-RRRPR — (nIP)  (tr)-v, (Wt)-1, (v,p)-p, (VLo)-t, t-c; RD.:p-v
33.1 3-RRRPR — 37 v-v, t-t, rr

...2 3-RRRPR URPR V-v, t-t, r-r

...3 3-RRRPR URPR (nlP) v-v,t-t, rr

..4 3-RRRPR — (nlP)  v-v, t-t, r-r

34.1 3-RRRPR — 38 v-v, t-t, r-r

...2 3-RRRPR URPR V-V, t-t, r-r

...3 3-RRRPR URPR (nlP) v-v,t-t, rr

..4 3-RRRPR — (nIP)  v-v, t-t, r-r

35.1 3-RRRPR — 39 v-v, t-t, rr

...2 3-RRRPR URPR V-V, t-t, 11

...3 3RRRPR URPR (nlP) v-v,tt, rr

.4 B3RRRPR —  (@mIP) (tr)-r, v-v, t-t

36.1 3-RRRPR — 40  R.D.v-v, t-t, r-r

37.1 3-RRRPR — 43  RD.v-v, t-t, r-r

...2 3-RRRPR RUPR R.D.: v-v, t-t, r-r

...3  3-RRRPR —  (@IP) RD.v-v,t-t, rr
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Table S4: Structural-synthesis results for 3T parallel robots, part 4 of 4

PR# Structure Joints Leg# Alignmentand Rank Deficiency
38.1 3-RRRRR — 45 (vb)-r, (vr,o)-t, (trp)-v, t-c, i, p-p; RD.v-p
.2 3-RRRRR — (vb)-r, (vr,o)-t, (trp)-v, t-c, -, p-p; RD.v-p
...3  3-RRRRR — (vbt)-r, (vro)-t, (trp)-v, t-c, i, p-p; RD.v-p
.4  3-RRRRR — c-t; RD.: (vr)-t, (vt)-1, (v,p)-p, (tr,p)-v, t-c
...5 3-RRRRR RRUR Vb1, (v,p)-p, (Vro)-t, (trp)-v, t-c, r-i
.6 3-RRRRR RRUR Vb1, (v,p)-p, (Vro)-t, (trp)-v, t-c, r-i
39.1 3-RRRRR — 46 t-c, r-i; R.D.: (v,t)-r, (v,p)-p, (v1,0)-t, (t,r,p)-v
...2 3-RRRRR — t-c, r-i; R.D.: (v,t)-1, (v,p)-p, (v1,0)-t, (t,r,p)-v
...3  3-RRRRR — v,t)-1, (v,p)-p, (v1,0)-t, (t,1,p)-v, t-c, r-i
..4 3-RRRRR — v,t)-1, (v,p)-p, (v1,0)-t, (t1,p)-v, t-C
...5 3-RRRRR RURR t-c, r-i; R.D.: (v,t)-1, (v,p)-p, (v1,0)-t, (t,r,p)-v
...6 3-RRRRR RURR v,t)-1, (v,p)-p, (v1,0)-t, (t1,p)-v, t-C
40.1 3-RRRRR — 47 t-t, r-r, R.D.:v-v
2 3—RRRRR — v-v, t-t, r-r
...3  3-RRRRR — v-v, t-t, r-r
.4  3-RRRRR — v-v, t-t, r-r
..5 3-RRRRR URU v-v, t-t, r-1, c-C
...6 3-RRRRR RRRU t-t, r-r, RD.:v-v
7 3—RRRRR RRRU v-v, t-t, r-r
.8 3—RRRRR RRRU v-v, t-t, r-r
411 3-RRRRR  — 48 v-v, t-t, rr
..2 3RRRRR — R.D.: v-v, t-t, r-r
..3 3RRRRR — R.D.: v-v, t-t, r-r
..4 3-RRRRR — v-v, t-t, r-r
..5 3-RRRRR RRUR V-V, t-t, -1
...6 3-RRRRR RRUR R.D.: v-v, t-t, r-r
421 3-RRRRR — 50 v-v, t-t, r-r
2 3—RRRRR — v-v, t-t, r-r
.3 3—RRBRR — R.D.:v-v, t-t, r-r
.4  3-RRRRR — R.D.:v-v, t-t, r-r
...5 3-RRRRR RUU v-v, t-t, r-r
...6 3-RRRRR RRRU v-v, t-t, r-r
7 3—RRRRR RRRU v-v, t-t, r-r
.8 3-RRRRR RRRU R.D.: v-v, t-t, r-r
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3. 3T1R Parallel Robots

Table S5. Structural-synthesis results for 3T1R parallel robots (part 1 of 4)

PR# Structure Joints Leg# Alignment and Rank Deficiency

SO

1.1  4-PRRR — 1  RD.v-v
21 4PRRRR — 1 RD.:v-(tp), (tr,p)-v
..2 4-PRRRR PRRU R.D.: v-(t,p), (t1,p)-v
3.1 4—ERRRR — 2 (tLp)-v, v-(tLp)
..2 4PRRRR PRUR (tLp)-v, v-(tLp)
41 4-PRRRR — 3 (v tre)-v, (trp)-(trp);, RD.p-v
...2  4-PRRRR PRUR (vtre)-v, (trp)-(trp), RD.p-v
51 4-PRRRR — 4 R.D.: (v,o)-v, (tr,p)-(t1p)
..2 4-PRRRR PURR R.D.: (v,0)-v, (tr,p)-(t1,p)
6.1 4-PRRRR  — 5 (wtrp)-v
...2 4PRRRR PUU Wtrp)-v
...3 4PRRRR PRRU Wtrp)-v
71 4-PRRRR — 6  RD.v-v
81 4PRRRR — 7  RD.v-v
9.1 4-RPRR — 2  RD.v-v
10.1  4-RPRRR  — 8  R.D. (tr)-v, v-(t1,p)
..2  4-RPRRR — (nlP) R.D.: (tr)-v, v-(t1p)
111 4-RPRRR  — 9  R.D. (t1)-v, v-(t,p)
..2 4-RPRRR RPRU R.D.: (t,1)-v, v-(t,p)
12.1  4-RPRRR — 10 (tr)-v, v-(t,p)
...2  4RPRRR RPUR (tx)-v, v-(t,p)
131 4-RPRRR  — 11 v-v
...2 4RPRRR RPRU v-v
...3 4RPRRR RPRU (nlP) v-v
.4 4RPRRR — (@mIP) v-v
141 4-RPRRR — 12 R.D..v-v
....2  4-RPRRR RPUR RD.:v-v
...3 4-RPRRR — (nlP) R.D.:v-v
151 4-RPRRR  — 13 (trp)-v, v-p; RD.v-(tr)

N

..2 4-RPRRR RPUR (tr,p)-v, v-p; R.D.:v-(tr)
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Table S5: Structural-synthesis results for 3T1R parallel robots, part 2 of 4

PR# Structure Joints Leg# Alignmentand Rank Deficiency
153 4-RPRRR RPUR 13 (trp)-v,v-p; RD.v-(t1)
..4 4-RPRRR — (nlP) (trp)-v; RD.v-(trp)
161 4-RPRRR  — 14 RD.v-v

...2  4RPRRR RPRU R.D.: v-v

..3 4RPRRR RPRU (nlP) R.D.v-v

..4 4RPRRR — (lP) RD.v-v

17.1  4-RPRRR — 16 v-v

..2  4RPRRR RPRU V-v

...3 4RPRRR RPRU (nlP) v-v

.4 4RPRRR — (lP) v-v

181 4-RPRRR  — 18  RD. v-v

19.1 4-RRPR — 3  RD.:v-v

201 4-RRPRR  — 19 R.D. (tr)-v, v-(t1,p)
..2 4-RRPRR UPRR R.D.: (t,r)-v, v-(t,1,p)
211 4-RRPRR  — 20 R.D. (tr)-v, v-(t,p)

...2  4-RRPRR RRPU R.D.: (t,)-v, v-(t,p)
221 4-RRPRR  — 21 (trp)-v, v-(tr,p)

.2 4RRPRR —  (IP) (trp)-v, v-(tLp)

23.1 4-RRPRR — 22 (tLp)-v, v-(tLp)

..2  4-RRPRR — (nlP)  (trp)-v, v-(t,p)

241 4-RRPRR  — 24 (tr)-v,v-(tr); RD.:v-p,p-v
251 4-RRPRR — 25 RD.v-v

...2  4RRPRR UPU R.D.: v-v

...3 4-RRPRR RRPU RD.:v-v

261 4-RRPRR  — 27  R.D.v-v

...2  4-RRPRR RRPU R.D.: v-v

.3 4RRPRR —  (mIP) RD.v-v

271 4-RRPRR  — 28 v-v

...2  4RRPRR UPU R.D.:v-v

...3 4RRPRR RRPU V-v

..4 4RRPRR UPU (nlP) RD.v-v

..5 4RRPRR RRPU (nlP) v-v
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Table S5: Structural-synthesis results for 3T1R parallel robots, part 3 of 4

PR# Structure Joints Leg# Alignmentand Rank Deficiency
27.6  4-RRPRR — 28 v-v

28.1 4-RRPRR — 29  R.D.v-v

...2 4-RRPRR UPRR R.D.: v-v

..3 4RRPRR —  (@nlP) RD.v-v

29.1 4-RRRPR  — 33 R.D.v-(trp)

...2  4-RRRPR URPR R.D.: v-(t,1,p)

30.1 4-RRRPR  — 34 RD.(trp)v

.2 4RRRPR —  (nIP) RD.(trp)v

31.1 4-RRRPR — 36 v-(t,r,p), p-v; R.D.:(tr)-v
..2 4-RRRPR RUPR v-(t1,p); RD.: (trp)-v
...3 4-RRRPR RUPR (nlP) v-(t,r,p), t-v; R.D.: (r,p)-v
..4 4-RRRPR — (nlP)  v-(trp); R.D. (trp)-v
321 4-RRRPR — 37  RD.v-v

..2  4-RRRPR URPR R.D.:v-v

..3 4RRRPR URPR (nlP) RD.v-v

.4 4RRRPR — (@P) RD.v-v

33.1 4-RRRPR — 38 v-v

..2  4RRRPR URPR V-v

...3 4RRRPR URPR (nlP) v-v

..4 4-RRRPR — (nIP) v-v

341 4-RRRPR  — 39 v-v

..2 4RRRPR URPR V-V

..3 4RRRPR URPR (nlP) v-v

..4 4RRRPR — (@IP) v-v

351 4-RRRRR - 45 (tLp)-v, v-(t1p)

.2 4-RRRRR - (tLp)-v, v-(t1p)

...3  4-RRRRR - (tLp)-v, v-(t1p)

.4 4-RRRRR — R.D.: (t,r,p)-v, v-(t,1,p)
..5 4-RRRRR RRUR (tLp)-v, v-(t1p)

...6 4-RRRRR RRUR (tLp)-v, v-(t1p)

361 4-RRRRR  — 46  R.D. (tr,p)-v, v-(t1,p)
.2 4-RRRRR — R.D.: (t,r,p)-v, v-(t,1,p)
...3  4-RRRRR — (trp)-v, v-(trp)

.4  4-RRRRR — (trp)-v, v-(trp)
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Table S5: Structural-synthesis results for 3T1R parallel robots, part 4 of 4

PR# Structure Joints Leg# Alignmentand Rank Deficiency
365 4-RRRRR RURR 46  R.D.: (t1p)-v, v-(tr,p)
.6 4-RRRRR RURR (tx,p)-v, v-(t1,p)
371 4-RRRRR  — 47 R.D.v-v
2 4-RRRRR — V-V
.3 4-RRRRR — V-V
.4 4-RRRRR — V-V
..5 4RRRRR URU R.D.: v-v
...6 4-RRRRR RRRU R.D.: v-v
...7  4-RRRRR RRRU V-v
.8 4-RRRRR RRRU V-v
381 4-RRRRR  — 48  v-v
.2 4RRRRR — RD.:v-v
.3 4RRRRR — RD.:v-v
.4  4-RRRRR — V-V
...5 4-RRRRR RRUR V-v
.6 4-RRRRR RRUR R.D.: v-v
39.1 4-RRRRR  — 50 v-v
2 4-RRRRR — V-V
.3 4RRRRR — R.D.: v-v
.4 4RRRRR — R.D.: v-v
..5 4RRRRR RUU V-v
...6 4-RRRRR RRRU V-v
...7  4RRRRR RRRU V-v
.8 4-RRRRR RRRU R.D.: v-v
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4. 3T2R Parallel Robots

Table S6. Structural-synthesis results for 3T2R parallel robots, part 1 of 2

PR# Structure Joints Leg# Alignment and Rank Deficiency

SO

1.1 5-PRRRR — 1 R.D.: (v,p)-p
..2 5PRRRR PRRU R.D.: (v,p)-p
21 5-PRRRR  — 2 (vp)p
..2 5-PRRRR PRUR v,p)-p
31 5-PRRRR — 3 (tp,v)-p; RD.:rp
..2 5-PRRRR PRUR (tp,v)-p; RD.rp
41 B5-PRRRR  — 4 RD.(p,v)p
..2  5-PRRRR PURR R.D.: (p,v)-p
51 5RPRRR  — 8  RD.(vp)p
..2 B5RPRRR —  (nlP) RD.:vp
6.1 5RPRRR  — 9 RD.vp
..2  5-RPRRR RPRU R.D.:v-p
71 5RPRRR  — 10 vp
..2 5RPRRR RPUR v-p
8.1 5-RPRRR  — 13 (vp)p
....2 5RPRRR RPUR v,p)-p
....3 5RPRRR RPUR (nlP) (vp)-p
.4 B5RPRRR — (nlP) v-p
91 5-RRPRR  — 19  RD.(vp)p
...2 5RRPRR UPRR R.D.: (v,p)-p
10.1 5-RRPRR  — 20 RD.v-p
..2  5-RRPRR RRPU R.D.:v-p
111  5-RRPRR  — 21 (vp)rp
.2 5RRPRR —  (lP) v-p
12.1  5-RRPRR — 22 (v,p)p
..2  5-RRPRR — (nlP) v-p
131 5-RRPRR  — 23 (vp)p
..2 B5RRPRR — (nlP) v-p
141 5RRPRR  — 24 (vp)p
151 5RRRPR  — 33 R.D. (v,p)p
2 5-RRRPR URPR R.D.: (v,p)-p
16.1 5RRRPR  — 34  RD.(vp)p
171 5-RRRPR  — 3  pp
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Table Sé6: Structural-synthesis results for 3T2R parallel robots, part 2 of 2

PR# Structure Joints Leg# Alignmentand Rank Deficiency
181 5-RRRRR ~ — 45 (vp)p

..2 5-RRRRR — (v,p)p

..3  5-RRRRR — (v,p)p

..4  5-RRRRR — R.D.: (v,p)-p
...5 B5-RRRRR RRUR v,p)-p

...6 5-RRRRR RRUR v,p)-p

19.1 5-RRRRR  — 46 RD. (v,p)p
.2 5-RRRRR — R.D.: (v,p)-p
...3  5-RRRRR — (v,p)-p

.4  5RRRRR — (v,p)-p

...5 5-RRRRR RURR R.D.: (v,p)-p
...6 5-RRRRR RURR v,p)p
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5. 3T3R Parallel Robots

Table S7. Structural-synthesis results for 3T3R parallel robots (part 1 of 11)

PR#  Structure Joints Leg# Alignment and Rank Deficiency

(vtr,c,V,TO)-(r,R), (t,r,c,V,.R,C)-t, (v,r,VTR,C)-c, (vtr1,c,V,.R,O)-T;

R.D.: (t,c,p,v)-c, (tr,c,TR,C)-(v,V), (vtrcv)p, (v,v)-t v-(r,TR)

vt VRO)-(tT), (vtrc,VTO)-(tR), (vt VIRC)-c; RD.: (rcp,v)-c,
(p.v)-(tR), (vtrc,VT.Cpv)-p, v-(t,T), (tr,c, T,R,Cp)-(v,V)
(r,V,TR,C)-c, (vit,rc, VT, O)-(r,R), (trc,VRO)-t, (vitr,c,V,RC)-T,;

11  6-PRRRRR — 1

...2  6-PRRRRR PURU

...3  6-PRRRRR PRRRU R.D.: (p,v)-(t,R), (Vt.c,pv)-c, (vtrc, V,T,Cp,v)-p, (vv)-t (tr,c,TR,Cp)-(v,V),
v-T
21  6-PRRRRR — 2 vtrev)-p, (vtrce,VILRCv)-(vitrVTR), (vitrc,VILRCp,v)-c
...2 6-PRRRRR PUUR W,t,1,c,VTR,Cp,v)-(vtr, VTR p,c)
...3 6-PRRRRR PRRUR W,t,1,c,V,TR,Cp,v)-(vtr, VTR p,c)
31 6-PRRRRR o 3 (t,VLR,Cp,v)-c; RD.: (v,c,V,Cv)-(v,V), (t1,c,R,C)-(r,R), (tr,cT)-(tT), (trc)-p,
(vr,0)-c
41 6-PRRRRR — 4 (trev)p, (vire VILRCv)-(vtrV,TR), (vtrc, V,TR,Cp,v)-c
...2 6-PRRRRR PRUU W,t1,c,VTR,Cp,v)-(vtr, VTR p,c)
...3 6-PRRRRR PRRRU W,t1,c,V;TR,Cp,v)-(vtr, VTR p,c)
5.1 6'£RRRRR - 5 (V/t/r/CrV)'p/ (V,t,r,C,V,T,R,C,V)-(V,t,r,V,T,R), (V;t/r/C/V/TrR/Crp/V)'C
6.1 6-PRRRRR — 6 vtrev)-p, vtrce, VILRCv)-(vitrVTR), (vitrc,VILRCp,v)-c
...2 6-PRRRRR PRRS W,t,1,c,V,TR,Cp,v)-(v,V)
...3  6-PRRRRR PUS W trc, VILRCp,v)-(v,V)
RPRRRR _ (V/tll’rC)‘P, (t,I‘,C,T,R,C)‘(V,V), (V,t,I',C,V,T,R,C,p)'C, (V,t,I',C,\/,R,C)—(t,T),
71 GRERRRR 7 (e VT.O-tR)
\\\\\ (V/t/r/C/V/T/C/p)_(r/R/p)/ (V/t/r/C/\I/T/R/C/p)_C/ (Vltlrlcl\//R/C)_(t/T)l (t,r,C,T,R,C)'V,

.2 6-RPRRRR RPRUR (b1 TR.Cop)v; RDwp.V
..3 6-RPRRRR — (IP)  (vtr.c,VTR,Cp)-(tr,T,Rp, ), (tr,c,TRCp)-(v,V)
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 2 of 11

PR# Structure Joints Leg# Alignment and Rank Deficiency

\\\\\\

74  6-RPRRRR RPRUR 7 vtre,VTLRCp)-(tr, TR,p,c), (tr,c, TRCp)-(v,V)

8.1 6-RPRRRR — 8 (rc,VTRCp)-c; RD.:(c,C)-(v,V), (vit)-c, (tr,cC)-(tR), (tr,c)-(tTp)
....2  6-RPRRRR RPURR (VIR.Cp)-c; RD.: (tr,c,O)-(tR,p), (vtre)-c (c,C)-(v,V), (tre)-(tT)
...3  6-RPRRRR — (nlP) (VTRCp)-c; RD.: (vtreo)-c (c,O)-(v,V), (trc, TRCp)-(tr,TRp)

s s 2

..4 6-RPRRRR RPURR (nlP) (r,V,TRC,p)-c; RD.: (c,0)-(v,V), (t1,c,TRCp)-(tr,T,R,p), (vtc)-c

(t,r,c, TR,C)-¢, (t1,c,O)-(TR), (tR,C)-t, (c,T,C)-r; R.D.: (vt,r,V)-r, (v,r,c,V)-t,
(vtr,0)-p, (t1,c, TR,C)-(v,V), (v,V,R)-T, (v,V,T)-R, (v,V,p)-c

(t,c, TO)r, (¢, TR,O)-¢, (t1,c,C)-(TR), (tR,C)-t; R.D.: (v, V)-t, (vr,V,p)r,
v,VTp)-R, (vtrc,VLCp)-p, (vitr,V,p)-c (trc, TRCp)-(v,V), (v,V,R)-T
(t5,c,C)-T, (¢, TR,C)r, (tr,c, RCO)-R, (r,c, T,RC)-c, (tr,c, TRC)-t; RD.: (vt Vp)-c,
...3  6-RPRRRR — (@IP)  (vV,Tp)-R, (vtr,Vp)r, (v,V, TR p)-T, (vtrc VTR, Cp)p, (t1,cTR,Cp)-(vV),
(V/\]/p)_t

(t,c, TR,O)-(t1), (tr,c,RC)-T, (tr,TR,C)-c, (tr,c,TRC)-R; RD.:(v,V,Tp)-T,
(v,c,V,p)-c, vtrc, VILR,Cp)-p, (t1,c, TRCp)-(v,V), (vr,Vp)-(tr), (v,V,p)-R

“““ (V/t/ric)_p/ (t/r/C/T/R/C)_(V/V)/ (Vltlrlcl\]ITlRICIp)_Cl (V,t,r,C,\/,R,C)-(t,T),
= (v, t,r,c,V,T,O)-(1,R)

RPRRRR (V/t/r/C/V/T/C/p)'(r/R/p)/ (V/t/r/C/V/T/R/C/P)'C/ (V/t/r/C/\]/R/C)_(t/T)/
...2  6-RPRRRR RPRUR (61, TR C,p)-(v,V)

91 6-RPRRRR — 9

...2 6-RPRRRR RPRRU

..4 6-RPRRRR RPRRU (nlIP)

\\\\\

....3 6-RPRRRR — (nlP)  (vtrc,VIRCp)-(tr, TR p,c), (trc TR,Cp)-(v,V)
..4 6-RPRRRR RPRUR (nlP) (vtrc,V,TRCp)-(tr,TRp,c), (t1,c,TR.Cp)-(v,V)
11.1 6-RERRRR _ 11 (V/t/rrc)'pl (t,I',C,T,R,C)—(V,V), (Vrt/rlc/\//TrRrCrp)'C/ (V,t,I',C,\/,R,C)'(t,T),

(v, t,1,c,V,TO)-(1,R)

_ ODDPD (V/t/rrcr\//T/C/p)_(r/R/p)/ (V/t/rrcl\]/T/R/C/p)_C/ (V,t,r,C,\/,R,C)'(t,T),
...2  6-RPRRRR RPRUR (61, TR C,p)-(v,V)

...3  6-RPRRRR — (IP)  (vtr,c,V,TRCp)-(t1r,TR,p,0), (t1cTR,Cp)-(v,V)
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 3 of 11

PR# Structure Joints Leg# Alignment and Rank Deficiency

114 6-RPRRRR RPRUR 11  (vtrc, VTRCp)-(tLr,TR,p0), (tr,c,TR.Cp)-(v,V)

(r,V,LR,Cp)-c; RD.: (vtro)-p, (trcTRC)-(v,V), (vitrcV.RO)-(tT),
(V,t,r,C,\/,T,C)'(r,R), (V/t/C)_C
_ PDPT (C/\]/T/R/C/p)_C; R.D.: (V/t/rlcr\//TrC/p)-(rrRrp)r (V,t,r,C,V,R,C)'(t,T),
N ‘2 6 RBRRRR RPURR (t/rICIT/R/C/p)_(V/V)/ (Vlt/r)-c
....3 6-RPRRRR — (mIP)  (v,V,TR,Cp)-c; RD.: (vtr,c,V,TR,Cp)-(t1,TR,p), (t1cTR,Cp)-(v,V), (t1,c)-c
..4 6-RPRRRR RPURR (nlP) (rc,VTRCp)-c; RD.: (vtrcV,T,RCp)-(t1rT,R,p), (vi)-c, (tr,c,TR,Cp)-(v,V)

121  6-RPRRRR — 12

13.1  6-RPRRRR — 13 (vtro)-p, (Ve VTRO)-(vtr, VT R), (vir.c,V,TR.Cp)-c
..2 6-RPRRRR RPUU W,t,1,c,VTR,Cp)-(vt,r,V,TR,p,c)
...3  6-RPRRRR RPRRU W,t,1,c,VTR,Cp)-(vt,r,V,TR,p,c)
..4 6-RPRRRR — (IP)  (vtr,c,V,TRCp)-(virV,TRp,c)
.5 6RPRRRR RPUU (nIP) (vtrcV,TRC,p)-(vtrV,TRp,c)

...6 6-RPRRRR RPRRU (nIP) (vtr,c,V,TR,Cp)-(vtrV,TRp,c)

14.1 6-RPRRRR — 14 (tro)-p, vire VIRCO)-(,t5V,TR), (vtrcV,TRCp)-c

...2 6-RPRRRR — (mIP)  (vt,1c,V,TR,Cp)-(vtrLV,TR,p,c)

15.1 6-RPRRRR — 15 vtro)-p, (vtrce,VILRCp)-c, (vitrc VIR C)-(tr,TR), (vtrc, TR,C)-(v,V)
...2 6-RPRRRR RPRS Wt,1,e, TR,C,p)-(v,V)

...3  6-RPRRRR — (nlP)  (vtrc,VILRCp)-(vitr VIR p,c)

.4 6-RPRRRR RPRS (nIP) (vt1cV,TRC,p)-(v,V)

(t/rIRIC)_tI (t/C)_T/ (rIC)_RI (T/R/C)_C/ C'I',' R.D.: (V/t/rrc)_p/ (V/r)_r/ (V/R)_T/
(R,C)-V, v-(t,R), (vtrc,V,p)-c, (t,R,C)-v

pRDDR tO)-T, @O)-R, (t1,c, TR,O)-c, (tR,C)-t, C-r; R.D.: (r,R,C,p)-v, (vr,T.Cp)-p,
2 GRRERRR - UPRU (v1)t, (WR)-T, (vp)R, (vip)-r, (v,V,p)-c, (RC,p)-V

RPDPRR (t/rrRrC)_tr (t,r,T,R,C)'C, (I',C)'R, (trRrC)_Tr C'I'; R.D.: (r/R/C/p)'V/ (V/C/\//p)'cl
-3 6-RRERRR  RRPRU (v, T.Cp)-p, (vp)-R, v-(t,T), (vrp)r, (RCp)-V

16.1 6-RRPRRR — 16
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 4 of 11

PR# Structure Joints Leg# Alignment and Rank Deficiency

171  6-RRPRRR — 17 E:It{rét))g VtR,C)-T, (vtr,R,C)-t, (vtrc,VIRCp)-¢, (vrC)-(tR), (RC)-V,
RRDPRRP (V/t/R/C)_T/ (r/R/C/p)_V/ (Vlt/rlR/C)_t/ (V/T/T/C/P)'p/ (V/trr/C/V/T/R/C/p)'C/
-2 6-RRERRR — UFUR (v,r,Cp)-(rtR), RCp)-V
RRPRRR (V/t/R/C)'T/ (T/R,C/P)'Vr (V,t,I',R,C)-t, (V,I',T,C,p)—p, (V,t,I',C,\],T,R,C,p)'C,
...3  6-RRPRRR RRPUR (WVECP)-ER), (RC,p)-Y
18.1 6'RRERRR - 18 (V/tlrrc)'p/ (V/t!rlcl\/ITIRIC/p)-C/ (Vrt!rlcl\/IT/RIC)-(t/rlTlR)l (t,I',C,\],T,R,C)'(V,V)
...2  6-RRPRRR RRPRU W1, V,TR,Cp)-(t1r,TR,p,c), (t1,c,V,TR,Cp)-(v,V)
.3 6'RRERRR UPRU (V/t/r/C/V/T;RrCrP)'(t/rzT/prC)/ (Vrtlr/C/\//R/C/p)'Rr (t/r/C/\I/T/R/C/p)'(VrV)
..4 6-RRPRRR — (mIP)  (vt,1c,V,TR,Cp)-(vtrLV,TR,p,c)
..5 6-RRPRRR RRPRU (nlP) (vtr1,c,V,T,R,Cp)-(vtrV,TRp,c)
...6 6-RRPRRR UPRU (nlP) (vtr1,c,V,T,R,Cp)-(vtr,V,TRp,c)
19.1 6-RRPRRR — 19  (vtreo)-p, (vircV,TRCp)-c (vire VTR O)-(t1,TR), (trc,V,TR,C)-(v,V)
..2  6-RRPRRR RRPUR W,t1,c,VTR,Cp)-(t1TR,p,c), (tr,c,V,TR,Cp)-(v,V)
RRDPRRP (V/t/r/C/V/T/C/p)'(r/R/p)/ (V/t/r/C/V/T/R/C/P)'C/ (V/t/r/C/\//R/C)_(t/T)/
...3  6-RRPRRR UPUR (b1 TR Cop)-(V)
..4 6-RRPRRR — (mIP)  (vt1c,V,TR,Cp)-(vtrV,TRp,c)
...5 6-RRPRRR RRPUR (nlP) (vtr,c,V,T,R,Cp)-(vtrV,TRp,c)
...6 6-RRPRRR UPUR (nlP) (vtrc,V,TLR,Cp)-(tr,TRp,0), (t1,c,TR.Cp)-(v,V)
20.1 6_RR£‘ RR _ 20 (V/t/r/C)'P/ (t,I‘,C,T,R,C)—(V,V), (Vrt/rlc/\//TrRrCrp)'C/ (V,t,I',C,\/,R,C)'(t,T),

(v, t,1,c,V,TO)-(1,R)

vtre,VTLCp)-(tRp), vtrc,VIR,Cp)-c, (vircV,RC)-(tT),
(tr,c, T,R,C,p)-(v,V)

W trce, VILCp)-Rp), (vtrc VIR.Cp)-c, (virc,VRCO)-(tT),

...2 6-RRPRRR UPUR

...3  6-RRPRRR RRPUR (t5cT,R,C,p)-(v,V)

..4 6-RRPRRR — (IP)  (vtr,c,V,TRCp)-(t1r,TR,p,0), (t1,c,TR,Cp)-(v,V)

..5 6-RRPRRR UPUR (nlIP) vtce,VTRCp)-(trTRp,c), (trc TRCp)-(v,V)

.6 6-RRPRRR RRPUR (nIP) (vtrc,V,TR,Cp)-(tLr,T.Rp,0), (t1,c,TR.Cp)-(v,V)

211 6'RRERRR . 21 (V/TIR/C/P)'C/' RD (t/r/C/T/R/C)-(V/V)/ (V,t,r,C,V,R,C)'(t,T), (V,t,r,C,V,T,C)-(I‘,R),

(v,t,1,0)-(p,c)
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 5 of 11

PR# Structure Joints Leg# Alignment and Rank Deficiency

212 6—RRERRR UPRRR 2 (VIRC)-c; RD.: (vtrc V,TCp)-(rRp), (vircp)-c (vitrcV,RCO)-(tT),
(tr,c, TR,Cp)-(v,V)

....3  6-RRPRRR — (nlP) (VTRCp)-c; RD.: (vtro)-c (vircV,ITRCp)-(tr,TRp), (trcTRCp)-(v,V)

.4 6-RRPRRR UPRRR (nIP) (V,TRC)-c; R.D.: (vtr,c,V,T,R,Cp)-(t1,TR,p), (vitr1cp)-c (tre,TR,Cp)-(v,V)

221  6-RRPRRR — 22 (Vtro)-p, (tre,V,TR,O)-(vtrV,TR), (vir,.c,V,T,R,Cp)-c

..2  6-RRPRRR RRPRU W,t,1,¢,V,TR,Cp)-(v,t,r,V,TR,p,c)

...3 6-RRPRRR UPRU (VTR,C)-(vt,1,p), (vtrc, VIR,Cp)-(V,TRc); RD.: (vtrcp)-(virp)

..4 6-RRPRRR — (IP)  (vtr,c,V,TR.Cp)-(vtrV,TRp,c)

...5 6-RRPRRR RRPRU (nlP) (vtr,c,V,T,R,Cp)-(vtrV,TRp,c)

...6 6-RRPRRR UPRU (nlP) (vtrc,V,T,R,Cp)-(V,TR), (VTRC)-(vtrp,c); RD.: (virep)-(virp,c)

231  6-RRPRRR L 23 (vtro)-p, (trc, TLR,C)-(v,V), (vtrc,VTRCp)-c (vitrc VR CO)-(tT1),

(v,t,1,c,V,TO)-(1,R)

(V/t/rIC/V/T/C/p)_(rIR/p)/ (V/t/rIC/\]IT/R/C/p)_C/ (VItIrICI\ZIRIC)_(t/T)I
(t/r/C/T/R/C/p)_(V/V)

.3 6'RRERRR UPUR Efél—{clj(jp/)p-)\}vl (V/r/T/C/p)_p/ (V/t/r/C/V/T/R/C/P)'C/ (V,t,R,C)'(t,T), (V/r/C/p)-(r/R)/

..4 6-RRPRRR — (mIP)  (vt1c,V,TR,Cp)-(tr,TRp,c), (trc,TR,Cp)-(v,V)

...5 6-RRPRRR RRPUR (nlP) (wtrc,VILRCp)-(tr, TR p,c), (trc, TRCp)-(v,V)

...2  6-RRPRRR RRPUR

241 6-RRPRRR — 24 vtro)-p, (vtrce,VILRCO)-(vitr,VIR), (vitrc,VVIRCp)c
2 6-RRPRRR RRPRU W1, V,IR,Cp)-(vir VT R,p,c)
....3 6-RRPRRR UPRU vtre, VR Cp)-R, (vtrc,VTLRCp)-(vitrV,Tp,c)
..4 6-RRPRRR RRPRU (nlP)  (wtrcVILRCp)-(vitr,VIRp.c)
5 6-RRPRRR UPRU (nIP) (vtrc,V,TRCp)-(vtrV,TRp,c)
6 6-RRPRRR — (mIP)  (vtr,c,V,TRCp)-(virV,TRp,c)

251 6-RRPRRR — 25 (Vtro)-p, e, V,TR,C)-(vtrV,TR), (vir.c,V,TR,Cp)-c
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 6 of 11

PR# Structure Joints Leg# Alignment and Rank Deficiency
252  6-RRPRRR RRPUR 25  (trcV,TRCp)-(vtrV,TRp,c)
...3 6-RRPRRR UPUR Wt1,e,V,T.R,Cp)-(t1,TR,p,c), (t1,c,T,R,Cp)-(v,V)
..4 6-RRPRRR RRPUR (nlP) (vtr,c,V,T,R,Cp)-(vtrV,TRp,c)
..5 6-RRPRRR UPUR (nlP) (vtrc,V,TLRCp)-(tLr,TRp,c), (t1,c,TR.Cp)-(v,V)
...6 6-RRPRRR — (mIP)  (vt,1c,V,TR,Cp)-(vtrV,TR,p,c)
26.1 6-RRPRRR — 26 vtro)-p, (vtrc, VTR CO)-(vitr,VIR), (vitrc, VIR Cp)-c
..2 6-RRPRRR  RRPS Wt,1,e,V,T,R,Cp)-(v,V)
...3  6-RRPRRR UPS (VTR O)-v, (vtrc,VTRCp)-V; RD.: (vtrcp)-v
..4 6RRPRRR RRPS (nlP) (vtrc,V,TR.Cp)-(v,V)
...5  6-RRPRRR UPS (nlP) (VTRO)-v, (vtrc,VVILRCp)-V; RD.: (vircp)-v
...6 6-RRPRRR — (nlP)  (WwtrcVILRCp)-(vitr,VIRp.c)
271  6-RRRPRR — 27 (vt.’ffﬁé?’o'c' (t,R,O)-t, C-(r,T,R); R.D.: (vR)-T, (R,C)-V, (r,R,C)-v, (v,V,p)-c,
T R,O)t, (tr,c, TR,C)-c, C-(r,T,R); R.D.: (tR,C,p)-v, (vL,Cp)-p, (v,p)-(1R),
..2 6-RRRPRR URPU W, (R)-T, (Vop)c, (RCop)-V
RRRDPR (r,C,T,R,C)'C, (r/R/C)_t/ C'(I‘,T,R),' R.D.: (V/trvrp)_cl (r/R/C/P)'V/ (V,T/C/p)'P/
3 ORRRERR - RRRPU (VP)-ER), (VR)-T, (R,C,p)-V, v-t
28.1 6-RRRPRR — 28 (t1,c, TRO)-(v,V), (vr,c,VRO)-(tT), (vtc,V,TC)-(tR), (vir.c,V,TR,Cp)-c
...2  6-RRRPRR URPRR (v,1,c,VR,O)-(t,T), (vtr,c,V,TR,Cp)-c, (t1,c,TR,Cp)-(v,V), (vtc,V,TCp)-(rR,p)
.3  6-RRRPRR URPRR (nlP) (vtrc,V,TLRCp)-(tLr,TRp,0), (tr,c,TR.Cp)-(v,V)
..4 6-RRRPRR — (nlP)  (wtrcVILRCp)-(tr, TR p,c), (trc TRCp)-(v,V)
291 6-RRRPRR ~ — 29 (tre,TROK-(VV), (vre,V,RO)-(tT), (vtc,V,TO-(5R), (vire VTRC,p)-c
..2  6-RRRPRR URPRR (vr,e, V,RO-(tT), (vtre, V,IR,Cp)-c, (e, TR.Cp)-(vV), (vic,V,T.Cp)-(rR,p)
..3  6-RRRPRR URPRR (nlP) (vtrc,V,TR,Cp)-(tr,TRp,0), (tr,c,TR.Cp)-(v,V)
..4 6-RRRPRR — (mIP)  (vtr,c,V,TRCp)-(tr,TR,p,0), (t1cTR,Cp)-(v,V)
30.1 6-RRRPRR — 30 (t1,c, TRO)-(v,V), (vr,c,VRO)-(tT), (vtc,V,TC)-(R), (virc,V,TR,Cp)-c
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 7 of 11

PR# Structure Joints Leg# Alignment and Rank Deficiency

302 6-RRRPRR URPRR 30  (v1,c,V,RO)-(tT), (vtrc, VTRCp)-c, (tr,c,TR,Cp)-(vV), (vtcV,T,Cp)-(LR,p)

..3 6RRRPRR URPRR (nlP) (vtr,c,V,TRCp)-(tr,TR,p,c), (t1,c,TRCp)-(v,V)

4 6-RRR£RR _ (an) (V/t/r/C/\I/T/R/C/p)-(t/r/T/R/C)/ (V/t/rlcl\llTlR/C)_pl (t/r/C/T/R/C)_V/ (t/r/C/T/R/C/P)'V}
R.D.:p-(V,p)

311 6'RRRERR — 31 (C’\/’T’R’C’p)_C; RD (V,I',R,C)-t, (V,C)-(I',R), (R/C)_V/ (V,t,r)—c, (r,R,C)-V,
(,R,C)-T

...2  6-RRRPRR  SPRR V-c; RD.:v-(t1,T,R,p,c)

32.1 6-RRRPRR — 32 (vrRO)-t, (Virc V,IR,Cp)-c, (RC)-V, (VRCO)-(rTR), (R,C)-v

) 6-RRRERR RUPU El‘g%cp:/)l:_)i;(rlT/R)l (r/R;CrP)'V/ (VrrerC/p)_tr (V/T/R/Crp)_pr (V/t/rrCrVrT/R/C/p)_Cr

...3  6-RRRPRR RRRPU El‘g%(}:a/%(rlT'R)' €R,Cp)-v, (vtR,Cp)-t (vILRCp)-p, vtrcVILRCp)-c,

..4 6-RRRPRR  SPU V-(v,t,1,p,0), (vV)-(V,TR); R.D.:v-(v,t,r,p,c)

33.1 6-RRRPRR — 33 (t1,c, TRO)-(v,V), (vr,c,VRO)-(tT), (vtc,V,TC)-(1R), (virc,V,TR,Cp)-c

.2 6_RRRERR RUPRR (V,I',C,V,R,C)'(t,T), (V/t/rlcl\]/TrR/C/p)_C/ (t/r/C/T/R/C/p)_(V/V)/ (V/t/C/V/T/C/p)_(rIRIp)

.3 6-RRRPRR RUPRR (nIP) (vtrc,V,TRCp)-(tLr,TRp,0), (tr,c,TR.C,p)-(v,V)

..4 6-RRRPRR — (nlP)  (wtrc,VILRCp)-(tr, TR p,c), (trc TRCp)-(v,V)

341 6-RRRPRR — 34 (V1o VTRO)-(vtrV,TR), (vtrcV,TRC,p)-c

..2  6-RRRPRR RRRPU Wt1,e,V,TR,Cp)-(t1,TR,p,c), (vt1cTR,Cp)-(v,V)

...3 6-RRRPRR RUPU Wt1,e,V,TR,Cp)-(t1,TR,p,c), (vt1cTR,Cp)-(v,V)

..4 6-RRRPRR URPU (VTR,O)-(t1,p), (vtrc, V,ILR,Cp)-(V,TRC), (TRC)-v; R.D.: (vircp)-(virp)

..5  6-RRRPRR  SPU V-(v,t,1,p,0), (vV)-(V,TR); R.D.:v-(v,t,r,p,c)

...6 6-RRRPRR RRRPU (nlP) (vtr,c,V,TRCp)-(vtrV,TRp,c)

...7 6RRRPRR RUPU (nlP) (trc,V,TRC,p)-c (vitrc, V,TLRCp)-(vitrV,TRp); RD.:v-c

..8 6-RRRPRR URPU (nlP) (vtrc,V,TR,Cp)-(V,TR), (VIRC)-(vtrp,c); RD.: (virep)-(virp,c)
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Table S7: Structural-synthesis results for 3T3R parallel robots, part 8 of 11

PR#  Structure Joints Leg# Alignment and Rank Deficiency
349 6-RRRPRR  SPU 34 V-(witrp,c), VV)-(V,TR); RD.:v-(vtrp,.c)
10  6-RRRPRR — (nIP)  (,t,1,c,V,T,R,C,p)-(vtrV,TR,p,c)

351 6-RRRPRR — 35  (Wtre,VTRO)-(vitr,V,TR), (virc,V,TR,Cp)-c
...2  6-RRRPRR RUPU W,t1,c,VTR,Cp)-(vt1,V,TRp,c)
...3 6-RRRPRR RRRPU W,t1,c,VTR,Cp)-(vt,1,V,TR,p,c)
.4 6-RRRPRR RUPU (nlP) (vtrc,V,TR,Cp)-(vtrV,TRp,c)
..5 6-RRRPRR RRRPU (nlP) (vtr,.c,V,T,R,Cp)-(vtrV,TRp,c)
...6 6-RRRPRR — (nIP)  (vtr,c,V,TRC,p)-(vir,V,TRp,c)

36.1 6-RRRPRR — 36 (vtre, VTRCO)-(virV,TR), (vtrcV,TR,Cp)-c
..2  6-RRRPRR RUPRR W1, V,TR,Cp)-(vtr VT R,p,c)
..3 6-RRRPRR SPRR V-c; R.D.:v-(t,,T,R,p,c)
..4 6-RRRPRR RUPRR (nlP) (vtr,c,V,T,R,Cp)-(vtr,V,TRp,c)
...5 6-RRRPRR — (nIP)  (,t,1,c,V,T,R,Cp)-(vtrV,TR,p,c)

371 6-RRRPRR — 37 (tre,VTRO)-(vir,V,TR), (vir.c,V,TR,Cp)-c
...2 6-RRRPRR RRRPU W,t1,c,VTR,Cp)-(vt,1,V,TRp,c)
...3 6-RRRPRR RUPU Wt1,c,VTR,Cp)-(tr,TR,p,c), (t1c,TRC,p)-(v,V)
..4 6-RRRPRR URPU W,t1,c,VTR,Cp)-(vt,r,V,TRp,c)
..5 6-RRRPRR RRRPU (nlP) (vtr,.c,V,T,R,Cp)-(vtrV,TRp,c)
.6 6-RRRPRR RUPU (nlP) (vtr,c,V,T,R,Cp)-(tr,TRp,c), (t1,c,TR,Cp)-(v,V)
..7 6-RRRPRR URPU (nlP) (vtr.c,V,TR,Cp)-(vtrV,TRp,c)
...8 6-RRRPRR — (nIP)  (vtr,.c,V,TRCp)-(vir,V,TRp,c)

38.1 6-RRRPRR — 38 (tr,c,TR,CO)-(vV), (v1c,VRO)-(tT), (vtcV,TCO)-(1R), (vtrcV,TRC,p)-c

N (vr,c,V,R,O)-(t,T), (vtrc,VTR,Cp)c (t1,c,T,R,Cp)-V,V),

..2  6RRRPRR RUPRR LV T.Cp)-(Rp) P P
..3 6-RRRPRR RUPRR (nlP) (vtr,c,V,T,R,Cp)-(tr,TRp,c), (t1c,TR,Cp)-(V,V)
..4 6-RRRPRR — (nIP)  (vtr,c,V,TRCp)-(t1,TRp,0), (t1,c,TR,Cp)-(v,V)
39.1 6-RRRPRR — 39 (Wtre,VTRO)-(vir V,TR), (vir.c,V,TR,Cp)-c
...2  6-RRRPRR RRRPU vtre, VILR,Cp)-(tr, TR p,0), (t1c,VIRCp)-(v,V)
...3  6-RRRPRR RUPU vtre,VTRCp)-(t TR p,c), (t1c,V,TRCp)-(v,V)
..4 6-RRRPRR URPU vtrce,VTRCp)-(tr, TR p,c), (trc, TRCp)-(v,V)
..5 6RRRPRR RRRPU (nlP) (vtr,c,V,TRCp)-(virV,TRp,c)
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PR# Structure Joints Leg# Alignment and Rank Deficiency

39.6 6-RRRPRR RUPU 39  (wtrcV,TRCp)-(vtrLV,TRp,c)

...7  6-RRRPRR URPU (nIP) (wtrc VTR Cp)-(vtr,VVILRp,c)

...8 6-RRRPRR — (nlP)  (wtrc,VILRCp)-(vitr, VIR p,c)

401 6'BRRRRR . 40 {i.ll_:)c';_(CV,t’r’C)_p, (t,r,C,T,R,C)'(V,V), (V,t,r,C,V,R,C)'(t,T), (Vlt/rlcl\//TIC)_(r/R)/

..2  6-RRRRRR — (V,t,1,0)-(t,T,R,p), (t,1,0)-(t,c), (t1,c,C)-(V,V)

...3  6-RRRRRR — (V,t,1,0)-(t, T,R,p), (t,1,0)-(t,c), (t1,c,C)-(V,V)

..4  6-RRRRRR — C-(v,V)

...5 6-RRRRRR URUR i1, V,TCp)-(tR,p), (Vt1c,VRO)-(tT), (trc,TR,Cp)-(v,V), (tr.c)-c

...6 6-RRRRRR RRRUR R.D.: (vt,15,c,V,T,C,p)-(tR,p), (V,t,1,c,V,R,C)-(t,T), (t,r,c,T,R,C,p)-(V,V), (t1,c)-c

...7  6-RRRRRR RRRUR 1, V,TCp)-(tR,p), (Vt1c,VRO)-(tT), (trc,TR,Cp)-(v,V), (tr.c)-c

...8 6-RRRRRR RRRUR (1, V,TCp)-(tR,p), (vtrc,VRO)-(tT), (trc,TR,Cp)-(v,V), (trc)-c

411 6'ERRRRR - 41 E'II.)C';-(CV/t/r/C)_p/ (t/r/C/T/R/C)_(V/V)/ (V,t,r,C,\/,R,C)_(t,T), (V,t,r,C,V,T,C)-(I‘,R),

...2 6-RRRRRR — (tr,c)-c; R.D.: (vtr0)-(r, TR p), (tr,c,C)-(v,V), (tr,c)-t

...3  6-RRRRRR — (tr,c)-c; R.D.: (vtro)-(r,TRp), (tr,c,C)-(v,V), (tr,c)-t

..4 6-RRRRRR — C-(v,V)

...5 6-RRRRRR RRURR R.D.: (vtr,c,V,T,C,p)-(tLR,p), (Vir,c,V,R,C)-(tT), (tr,c,TR,C,p)-(v,V), (tr,.c)-c

...6 6-RRRRRR RRURR (tro)-c; RD.: (vtrc,V,T,Cp)-(tR,p), (virc,V,R,C)-(tT), (tr,c,TR,.C,p)-(v,V)

91 6—BRRRRR o 4 wvtrce,VILRCO)-t, (vtrc, VILRCp)-(r, TR), (trc)-c; R.D.: (vitrcV,IRC)-V,
(vt1e, TRCp)-v, (vircp)-p

..2  6-RRRRRR — (V,t,1,0)-(t, T,R), (t,1,0)-(t,c); R.D.: (vt,1,c,C)-(v,V), (vt,1,0)-p

.o 3 6'RRRRRR —_— (V,t,r,C,C)'(V,V), (V/t/rlc)_(rITrR/p)/ (t/rlc)_(tlc)

..4  6-RRRRRR — (v,C)-(v,V)
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45 6-BRRRRR RURU 42 v trce, VILRCp)-(tr,TR), (tr,c)-c; R.D.: (vtrc,VILRCp)-(V,p),
vtre, TR,Cp)-v
.6 6-RRRRRR RURU Wtr,e, TR,C,p)-v, (vtr,c,V,TR,Cp)-(t1,V,TR,p)
.7 6-RRRRRR RRRRU Wt1,e,V,TR,Cp)-(t1,TR), (trc)-c; RD.: (vtrc,V,TR.Cp)-(v,V,p)
...8 6-RRRRRR RRRRU Wt1,e,V,TR,Cp)-(t1,TR), (trc)-c; RD.: (vitrc,V,T,R.Cp)-(v,V,p)
...9 6-RRRRRR RRRRU Wt1,e,V,T.R,Cp)-(vir,V, TR p), (tr,.0)-c
.10 6-RRRRRR RRRRU Wt,1,e,V,T.R,Cp)-(vt,1,V,T,R,p)
.11 6-RRRRRR  SRU V-(vtr,p), v,V)-(V,TR); R.D.:v-(vtrp)
431 6-RRRRRR — 43 (vtre, VITR,O)-(1V,T), (vtrc,V,TR,Cp)-(VtR), (vi1,.c,Cp)p, (t1,0)-c
..2  6-RRRRRR — W,t,1,6,0)-(v,V), (Vt,1,0)-(t, T,R,p), (t,1,0)-(t,c)
...3  6-RRRRRR — vt1,c,C)-(v,V), (vtro)-(r, TRp), (trc)-(tc)
..4 6-RRRRRR — v,Q)-(v,V)
..5  6-RRRRRR RUUR W,t,5,c,VTR,Cp)-(vtr, VTR p), (t1,0)-c
...6 6-RRRRRR RRRUR W,t,15,c,VTR,Cp)-(vtr, VTR p), (t1,0)-c
...7  6-RRRRRR RRRUR W,t,5,c,VTR,Cp)-(vtr, VTR p), (t1,0)-c
...8 6-RRRRRR RRRUR W,t,5,¢,VTR,Cp)-(vtr, VTR p), (t1,0)-c
N (tr,0)-¢; R.D.: (vtr0)-p, (tr,c,TRC)-(v,V), (vitrc,V,RC)-(tT),
441 6-RRRRRR ~ — YU VO R p
...2 6-RRRRRR — (tro)-c; RD.: (vtro)-(tTR,p), (tr,c,C)-(v,V), (t1,0)-t
...3  6-RRRRRR — (tro)-c; RD.: (vtro)-(tTR,p), (tr,c,C)-(v,V), (t1,0)-t
..4 6-RRRRRR — C-(v,V)
451 6-RRRRRR — 45 (vtre,Cp)p, (Mo VILR,Cp)-(virT), (tr,o)-c, (vtrc,V,TR,C)-(V,R)
...2  6-RRRRRR — vtr,c,C)-(v,V), (vtro)-(r, TRp), (trc)-(tc)
...3  6-RRRRRR — vtr,c,C)-(vV), (vtro)-(r, TR,p), (trc)-(tc)
..4 6-RRRRRR — v,Q)-(v,V)
..5  6-RRRRRR RRUU v,t,5,¢,VTR,Cp)-(vtr, VTR p), (t1,0)-c
...6 6-RRRRRR RRUU W,t,5,c,VTR,Cp)-(vtr, VTR p), (t1,0)-c
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457  6-RRRRRR RRRRU 45  (vt1,c,V,TR,Cp)-(vtrV,TR,p), (tr,.c)-c
.8 6-RRRRRR RRRRU W1, V,TR,Cp)-(virV, TR p), (tr,.0)-c
....9 6-RRRRRR RRRRU W1, V,TR,Cp)-(vir,V, TR p), (tr,.0)-c
....10  6-RRRRRR RRRRU Wt1,e,V,T.R,Cp)-(vt,1,V,TR,p)
.11  6-RRRRRR  SRU V-(vtr,p), vV)-(V,TR); RD.:v-(vtrp)
461 6-RRRRRR — 46 vtre,Cp)-p, vtrce, VILRCp)-(vr,TR), (trc)-c, (vircV,TRC)-(t,V)
.2 6-RRRRRR — v t1,c,C)-(v,V), (vtro)-(r,TR,p), (trc)-(tc)
.3 6-RRRRRR — vt1,c,C)-(v,V), (vtro)-(r,TR,p), (trc)-(tc)
..4 6-RRRRRR — v,0)-(v,V)
471 6-RRRRRR — 47 vtrc,VTRCp)-(vtrTR), (vitrc, VITRC)-V, (vitrc,Cp)-p, (trc)-c
...2  6-RRRRRR — (t,c,C)-v, (vitrc,C)-V, (vtro)-(r, TR p), (trc)-(tc);, RD.:v-v
...3  6-RRRRRR — (t1,c,C)-v, (vitrc,C)-V, (vtro)-(r, TR p), (trc)-(tc);, RD.:v-v
...4  6-RRRRRR — (v,C)-V, C-v; RD.:v-v
...5  6-RRRRRR  RRRS v trc, VILR,Cp)-(v,V)
...6 6-RRRRRR  RRRS (vtre,VTRCp)-(v,V)
...7  6-RRRRRR  RRRS vtrc,VTRC p)-(v,V)
...8 6-RRRRRR RUS vtre,VTR.Cp)-(v,V)
...9  6-RRRRRR URS (VIRC)-v, (trc,VTRCp)-V; RD. (trcp)-v
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